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mg/kg milligram per kilogram
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Introduction

1 Introduction

Alcoa of Australia Limited (Alcoa) curtailed production in 2024 at its Kwinana Refinery, with alumina
production ceasing in the third quarter of 2024; however, Alcoa continued operating the refinery circuit for
the purposes of water inventory management. The Alcoa Facility operated a closed water circuit and was a
net consumer of water that incorporated surface water and groundwater from the Alcoa Facility. In
September 2025, Alcoa announced that the Refinery will permanently close and will therefore have a
surplus of water that requires management into the future.

As part of Alcoa’s integrated water management strategy, Alcoa is evaluating source water segregation and
treatment options with a view to recharge treated water via aquifer infiltration, up to 3.5 GL/yr (or
400 kL/h) of this water into the Tamala Limestone aquifer.

Alcoa is seeking to infiltrate treated water at the O&P area, on the western boundary of the Open residue
storage area (RSA) into the Tamala Limestone aquifer. As part of this process, it is understood that the
contaminated sites Auditor (CS Auditor) and the Department of Water and Environmental Regulation
(DWER) would like to understand whether the introduction of this water into the aquifer could impact the
alkaline plume beneath the refinery (or other existing third party groundwater plumes) and/or have any
adverse impacts on downgradient environmental receptors. The Monitoring and Management Plan (MMP)
presents a framework to evaluate risks during the operational phase of infiltrating treated water into the
Tamala limestone aquifer.

1.1 Feasibility Study

As part of the feasibility study, an infiltration risk assessment (refer to as the Commissioning/Operating Risk
Assessment or CORA) was developed to evaluate the safe and effective infiltration of water into the Tamala
Limestone aquifer. Specifically, the CORA outlined the groundwater quality treatment process and target
water quality to be infiltrated and presented the most effective location for the project to occur while
managing environmental risks and complying with regulatory requirements. To help meet the objectives of
the project, a staged approach to better ascertain the feasibility and degree of difficulty (likely effort
needed to achieve public health and environmental approvals from DWER) was undertaken. This was
achieved by using the assessment framework set out in the Guidelines:

e Australian Guidelines for Water Recycling: Managed Aquifer Recharge (National Health and Medical
Research Council [NHMRC], Environmental Protection and Heritage Council [EPHC], and Natural
Resource Management Ministerial Council [NRMMC], 2009);

e Policy — Managed aquifer recharge in Western Australia (DWER, 2021); and

e Guideline — Water and environmental considerations for managed aquifer recharge operations in
Western Australia (DWER, 2021a).

Specifically, this involved a staged process of project development and assessment, which included a
pre-commissioning risk assessment, a short-term field trial, and a final evaluation of infiltration location
and design. These stages are summarised briefly below, with a comprehensive evaluation provided in the
CORA (EHS Support, 2025a).

EHS Support Pty Ltd 1
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1.1.1 Pre-Commissioning Risk Assessment

In order to determine design considerations, a risk assessment was completed to identify potential risks
and establish appropriate management and monitoring to ensure these risks are low and acceptable. The
risk assessment was undertaken in three parts:

e Adopting a semi-quantitative risk assessment outlined in the Managed Aquifer Recharge (MAR)
Guidelines (NRMMC-EPHC-NHMRC, 2009);

e Undertaking a risk assessment defined in the Government of Western Australia Risk Assessment
Guideline Part V, Division 3, Environmental Protection Act 1986, December 2020 (DWER, 2020); and

e Undertaking a semi-quantitative risk assessment that uses a contaminant mass flux assessment,
and any potential impact the activity may have on contaminated sites.

The risk assessment concluded that there are no activities associated with infiltration that were ranked as a
high or extreme risk for the project. This reflects the minor and temporary nature of the activity, and the
application of appropriate management and mitigation measures.

1.1.2 Short-Term Field Trial

To validate the risk assessment outcomes, a short-term field trial was completed. The objectives of the field
trial were to understand the degree of mounding underneath and adjacent to the proposed infiltration
trenches (i.e., O&P area) and to update a regional numerical groundwater model, which has assisted in
mitigating risks.

The field trial was completed for approximately 14 days, with a total infiltration volume of 14,400 kL and a water
supply rate of between 12.5 L/sec and 30 L/sec. During the field trial, groundwater levels were measured in
sentinel monitoring bores and the results incorporated into the regional numerical groundwater flow model to
assist with model calibration. The results of the field trial and numerical model simulations indicated that
infiltration of treated water is a feasible option to manage surplus treated water across the Alcoa Facility.
Further information on the field trial is provided in Section 4.5 of the CORA (EHS Support, 2025a).

1.1.3 Infiltration Trench Location

The numerical groundwater model was used to evaluate potential locations and mechanisms for infiltration
of treated water into the Tamala Limestone. The primary objective of the modelling exercise was to
understand the hydraulic impacts to potential environmental receptors for a range of infiltration rates at
various locations across the O&P area and proximal locations to the Open RSA. This facilitated a risk-based
approach allowing the identification of the most feasible site for an infiltration scheme.

A total of five locations were initially sited by Alcoa, selected based on logistics, infrastructure, and
proximity to receptors. Of the five locations, the O&P area was selected as the preferred infiltration site for
the following reasons:

e The area of land is highly disturbed (i.e., base of the quarry), meaning there is no disturbance of
existing vegetation.

e The majority of the infiltrated water avoids environmental and third-party receptors and eventually
travels underneath the coastal Safety Bay Sands aquifer, where the majority remains in the Tamala
Limestone as it moves underneath Cockburn Sound.

e The area avoids adverse impacts on downgradient known sites of potential contamination.

e At Long Swamp, groundwater levels in the Tamala Limestone adjacent the Swamp may increase by
up to 0.27 m, however, the water levels in the Swamp itself will likely remain unchanged as this
increase in hydraulic gradient only results in an additional flux to Long Swamp of 344 KL/yr, or
(1.7%) from its baseline condition.

EHS Support Pty Ltd 2
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e Atadistance of 20 m, groundwater mounding is less than 1 m, and this reduces to 0.30 m at a
distance of 700 m away from the infiltration trench.
e Terrestrial vegetation remains unimpacted.

The modelling outputs and the final infiltration trench design are provided in detail in Appendix B of the
CORA (EHS Support, 2025a).

1.2 Project Plan

Alcoa has committed to commissioning the water treatment plant in July 2026. Prior to infiltrating treated
water, Alcoa will first undertake a Commissioning Phase (Phase 1) in which the water treatment plant will
run continuously and discharge permeate back into the Run-off Water Storage (ROWS) Pond.

During Phase 1, testing of the permeate from the water treatment plant will be conducted for a period of two
weeks to validate that compliance water quality criteria can be achieved. The program of works will include
high-frequency sampling for a comprehensive analytical suite (refer Section 3.4.2). The water treatment plant
may be commissioned prior to approval of infiltration and as a result the samples collected will be of
unhardened water (the milk of lime addition to increase calcium content is part of the infiltration scope).

It is noted that it is highly likely that infiltration will start with Reverse Osmosis permeate only, and then
condensate from the Mechanical Vapour Recompression (MVR) plants will be blended with permeate and
discharged. The same two-week commissioning process will be used for the MVR Plants, and no new water
source will be infiltrated prior to demonstrating that the water quality meets the specification.

Following completion of the Commissioning Phase and confirmation that the plant is producing treated
water that is consistently compliant with the quality criteria described in this document, Alcoa will
commence infiltration of treated water in the infiltration trenches located at the O&P area (Operational
Phase). In the Commissioning Phase (where the water treatment plant is being ramped up and tested), the
treated water will be discharged back to the ROWS Pond and/or reused for residue area management
activities. In the Operational Phase, the combination of continuous monitoring (electrical conductivity [EC],
pH) and plant operational parameters (pressures and flows) will be used to ensure the water treatment
plant is operating correctly and supported by both on-site and third-party analytical testing. This MMP
relates to the Operational Phase of the project, noting that there is reference to the Commissioning Phase
in certain sections of this Plan.

1.3 Water Treatment Plant

The water treatment plant is designed to treat approximately 400 kL/hr with a feed in total alkalinity of
10 g/L (this will include mixing of Low and High Total Alkalinity (TA) water, as shown on Figure 1-1). Due to
the highly impacted nature of the feed in water, the water treatment plant has been designed to ensure
that it is a robust system that is capable of achieving the optimum water quality for infiltration. There will
be some variation in permeate quality within a narrow range and a set upper bound.

A process overview of the water treatment plant is provided in Figure 1-1, and the intent of each of the
process units is summarised in Table 1-1.

EHS Support Pty Ltd 3
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Table 1-1 Summary of Each Process Unit

Stage

Process Unit

Purpose

Neutralisation

Feed water pH is expected to be elevated and will require adjustment to
facilitate treatment. The neutralisation unit has three primary functions:

e Removal of caustic alkalinity to allow membrane technologies to be
utilised;

e  Predpitation of aluminium as aluminium hydroxide and/or dawsonite,
as aluminium is a scaling element in membranes; and

* pH adjustment to promote insolubility of the specific organics in the feed
water.

Solids Separation

The precipitation triggered by the neutralisation process generates large
quantities of aluminium hydroxide and/or dawsonite that needs to be removed.
Precipitate formed during the neutralisation process undergoes coagulation and
flocculation to enhance settling of the particles. The blend is sent to Clarification
for solids separation. Filtration follows to further polish the clarifier overflow.
Media-filtration (MF) acts as a roughing filter to remove carry-over solids, with

| final polishing being done by Ultra-filtration (UF).

Reverse Osmosis

| The reverse osmosis (RO) unit’s primary function is removal of Total Dissolved
Solids (TDS) from the filtered water. The proposed water treatment plant utilises
four different types of RO units:
® Pass 1 RO units for primary desalination of the filtrate from UF.
®  Pass 2 RO units for further treatment (polishing) of product water from
pass 1, high-pressure and ultra-high-pressure RO units.

e High-pressure RO units (HPRO) for further treatment of reject water
from pass 1 RO units.

e Ultra-high-pressure RO units (UHPRO) for further treatment of reject
water from HPRO units.

pH adjustment

RO permeate is expected to contain a high concentration of CO». Contacting the
permeate with air results in “degassing” of the permeate. CO» returns to the gas
phase, reducing the carbonic acid concentration in the permeate. The degassing
step is completed before the polishing RO. Final adjustment will be done with
caustic dosing after the polishing RO.
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Figure 1-1 Process Flow Diagram
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As part of the infiltration scope of work, the water treatment plant infrastructure (at the permeate tank)
will be supplemented with mineralisation (hardening) chemical addition process. This chemical addition
involves the dosing of milk of lime (a suspension of Ca(OH), in water) to addresses the ionic imbalances
which are due to the high purity of the permeate (and associated lack of divalent ions). The addition raises
pH and adds Ca2* and alkalinity, pushing the water towards calcite saturation and reducing its tendency to
dissolve carbonate minerals in the receiving aquifer.

The addition of milk of lime will be conducted by the addition of a chemical dosing pump and two portable
chemical storage totes (one in duty and one standby) to the water treatment plant configuration. The milk
of lime will be added into the permeate tank or the discharge line from the permeate tank to the
infiltration area, with the length of the piping run from the water treatment plant to the infiltration area
supporting mixing. The dosing pump and chemical storage will be contained within the designated water
treatment plant area.

1.3.1 MVR Plants for Evapo-Concentration

Mechanical Vapour Recompression plants will be used to treat water that is not amenable to reverse
osmosis treatment (for example water containing very high EC and TA) or the brine stream produced by the
operation of the water treatment plant. This includes:

e Stage 1 MVR Plant for water collected in RSA underdrainage systems and stored in F-surge Pond and
Cooling Pond. This may also include brine overflows from the Lake Water Pond into the Cooling Pond.
e Stage 2 MVR Plant for brine from the water treatment plant and brine stored in the Lake Water Pond.

The process produces a concentrate stream which contains the impurities and ions from the feed stream
and a high purity condensate stream. The condensate stream produced from this process is of higher
quality than the permeate that is produced by the water treatment plant. It is proposed that this
condensate stream will be discharged into the permeate storage tank, blended with permeate and similarly
dosed with milk of lime (as described above) to mineralise the water prior to infiltration.

Mechanical vapour recompression has been selected as the technology for the management of these flows
due to the high efficiency of the process where heat is recovered and reused within the system. A broad
overview of the treatment process is:

o Feed water is heated to produce steam and a concentrate. A demister removes any droplets from
the steam.

e MVR fans compress the steam further increasing latent heat.

e Compressed steam is passed through a heat exchanger where heat from condensing steam is
recovered and used to heat feed water.

e The condensate from compressed steam is very pure water. This will comprise ~75% of feedwater.

e lons are retained in the concentrate (~25% of feedwater), which will be transported to Alcoa’s
other refineries and used as a process input or sold commercially.

This process is similar to the current operations of the refinery where water from the ponds are evaporated
producing a caustic alkaline residual product (CARP) which is subsequently trucked to Alcoa Pinjara’s
Alumina refinery as a product for use in the processing of bauxite. The key difference is the higher
efficiency of the MVR plants which condense the steam to reuse the heat, while water evaporated in the
refinery is vented to atmosphere.

Currently the plants are in the engineering design phase and Works Approval packages will be prepared for
these plants. Based on the current schedule (dependent on regulatory approvals) the Phase 1 plant will be
constructed/commissioned around Q3/Q4 2026, and Phase 2 Plant will be constructed and commissioned
around Q3 2027.

EHS Support Pty Ltd 5
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2 Receptor Summary, Applicable Beneficial Uses, and Constituents of

Concern

Recentor Overview

A summary of current and plausible beneficial uses of groundwater across the project site/activity area is
presented in Table 2-2. The project site/activity area is defined in Section 2 of the CORA (EHS Support,
2025a). Details relating to the beneficial use and potential preclusions for groundwater use based on the
conceptual site model developed for the site are included.

Relevanl Receptors and Applicable Beneficial Uses for Consideration

Table 2-1 presents the beneficial uses that are considered relevant for the project and are applicable for
setting trigger criteria based on the adopted Tier 1 screening criteria.

Table 2-1 Relevant Receptors and Applicable Beneficial Uses
Environmental Value Relevant Rationale

Drinking water (health and aesthetic) NO The activity area does not lie within a Public Drinking
Water Source Area, their priority areas and protection
zones. There are no known current users of
groundwater in the Water Quality Impact Zone (WQIZ)
that use groundwater for potable supply. Reticulated
potable water supply is available within the activity
area.

Water-dependent ecosystems and species YES Cockburn Sound is located downgradient of the

Marine Ecosystem Protection activity area.

Water-dependent ecosystems and species YES Long Swamp is located downgradient of the

Freshwater Ecosystem Protection activity area.

Stock and Agriculture YES There are known registered groundwater users that

(i.e., short-term irrigation) extract groundwater for stock and agricultural use.

Non-Potable Use YES There are known registered groundwater users that

Water-based recreation may extract groundwater for other non-potable uses.

(primary contact recreation) It is noted that reticulated water supply is available
within the activity area.

Industrial and commercial use NO There are no known registered groundwater users that
extract groundwater for industrial and commercial use
that would be negatively impacted by site activities, It
is acknowledged that there are registered
groundwater users for industrial use that are located
cross gradient from site activities.

Terrestrial Vegetation YES Terrestrial vegetation is a realised beneficial use but is

not subject to beneficial use screening criteria. Rather,
numerical groundwater modelling will be undertaken
and if groundwater as a result of the activity reduces
to a depth less than 5 mbgl in areas where terrestrial
vegetation occurs, an ecological assessment may be
required. .

EHS Suppaort Pty Lid
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Table 2-2

Beneficial Uses Summary

Environmental Value

Description

Screening Criteria

Precluded Based on
csM

Precluded based on
background salinity

Precluded based on
criteria exceeding
other ions in the
background Tamala
Limestone
(refer Appendix A)

Drinking water
(health and aesthetic)

Groundwater quality that is suitable for
potable water supply.

NHMRC ADWG 2011 Health.
PFAS NEMP 3.0 2025 - Human
Health Drinking Water Quality
Guideline Value.

Precluded

No known use of
groundwater for
drinking water

No

Salinity is acceptable
with potential blending
with fresher water (i.e.,

Arsenic, lead, mercury,
manganese, nitrate

*  NHMRC (2024) Australian Drinking purposes within the from a tank)
Water Draft fact sheet on Per- and immediate vicinity of
poly-fluoroalkyl substances (PFAS). the project area

Water-dependent Water quality that is suitable to protect *  ANZG Toxicant Default Guideline Realised No The following are ions
ecosystems and species | the integrity and biodiversity of water- Values —95% Level of Species Cockburn Sound is a Average sallnity is in background

dependent ecosystems. This beneficial Protection — Marine Water. It should | sansitive receptor of acceptable for this groundwater quality
Marine Ecosystem U encompesies: be noted that site-specific, risk-based | concern for Alcoaand | beneficial use that eutaad the Maririe
Protection Protection of the integrity of riparian criteria for Cockburn Sound have DWER water guidelines

vegetation as it contributes to the health been developed by EHS Support and

of water-dependent ecosystems and bank are currently under review by a 95% species protection

stabllity. Contaminated Sites Auditor. M

That groundwater quality does not ‘ WA‘,EPA o E;wuronm:ntal cobger. o lead:

adversely affect surface water quality criteria reference document sisplioiaiiansy

ecosystems. for Cockburn Sound. ans ) Y,

_ s PFASNEMP 3.0 2025 - 95% Species zinc, PFOS

Ensures that groundwater quality does Protection — Slightly to Moderately

not adver.sely affect natural ecosystems Disturbed Systems,

that require access to groundwater to e EHSSupport 2025b Cockburn Sound

meef all or some of their water deiivad cribaris:

requirements on a permanent or
Water-dependent intermittent basis to maintain their *  ANZG Toxicant Default Guideline Realised No The following are ions
ecosystems and species | communities of arganisms, ecological Values - 95% Level of Species Long Swamp and Average salinity is in background

processes and ecosystem services; and Protection — Freshwater. Spectacles Wetland acceptable for this groundwater quality
Freshwater Ecosystem | Maintenance of fish passage. *  PFASNEMP 3.0 2025-95% Species beneficial use that exceed the
Pretietion Protection — Slightly to Moderately Freshwater guidelines

Disturbed Systems.

s PFASNEMP 3.0 2025 — 99% Species
Protection — High Conservation Value
Systems.

95% species protection
Aluminium, copper,
lead, mercury, zinc

EHS Support Pty Ltd
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Monitering and Management Plan —= Kwinzana, Western Australia
Receptor Summary, Applicable Beneficial Uses, and Constituents of Concern

Environmental Value Description Screening Criteria Precluded Based on | Precluded based on | Precluded based on
CSM background salinity criteria exceeding
other ions in the
background Tamala
Limestone
(refer Appendix A)
Agriculture Water quality that is suitable for s ANZECC 20002 / ANZG 20243 and Realised No Iron, manganese,
agricultural activities such as stock 2024b: Short-Term Guideline Values | pased on TDS, Average salinity is mercury, phosphorus
watering and irrigation, as well as a range {STV) and Long-Term Guideline neighbours can installa | acceptable for this
of other uses such as the irrigation of Values (LTV). groundwater bore and | beneficial use
domestic gardens, commercial e ANZECC 2000b Primary Industries. use it to irrigate.
agriculture, parks and golf courses.
Non-Potable Use Water quality that is suitable for primary | «  DoH 2014, Contaminated sites Realised No Aluminium, chloride,
contact recreation (e.g., swimming, ground and surface water chemical Based on TDS, Average salinity is iron
Water-based recraation diving, water skiing, caving and spas), screening guidelines. neighbours can installa | acceptable for this
(primary contact secondary contact recreation (e.g., *  Non-potable groundwater use groundwater bore and | beneficial use
recreation) bo_atmg and fishing) and for aesthetic (NPUG). use it for water-based
enjoyment. e  NHMRC (2008) Guidelines for recreation.
Managing Risks in Recreational
Water for primary contact for
bathing and swimming,
*  PFASNEMP 3.0 2025 — Recreational
Water Quality Guideline Value.
Industrial and Water quality that is suitable for industrial | «  DoH 2014, Contaminated sites Realised | No Site-specific.
commercial use and commercial use. ground and surface water chemical Based on TDS, Average salinity is
screening guidelines. Non-potable neighbours can installa | acceptable for this
groundwater use (NPUG]. groundwater bore and | beneficial use
use it for industrial and
commercial use.
Terrestrial Vegetation? Ensure groundwater levels do not Screening criteria not applicable however, Not Applicable Not Applicable Not Applicable

increase or mound to adversely affect
(such as water logging) Terrestrial
Vegetation.

ecological assessments to occur if
groundwater as a result of the activity
shallows to a depth less than 5 mbgl in areas
where terrestrial vegetation occur.

Table Notes:
Terrestrial Vegetation is a realised beneficial use, however not subject to beneficial use screening criteria. Rather numerical groundwater modelling will be undertaken and if groundwater as a result
of the activity reduces to a depth less than 5 mbgl in areas where terrestrial vegetation occur, an ecological assessment may be required.
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Monitoring and Management Plan — Kwinana, Western Australia
Receptor Summary, Applicable Beneficial Uses, and Constituents of Concern

2.3 Other Areas of Concern
2.3.1 Alcoa Domains

Following the discovery of alkaline contamination of groundwater in the superficial aquifer underlying the
Kwinana Alumina Refinery (mainly caustic soda [NaOH] and sodium carbonate [Na,COs]), recovery bores
were installed to recover alkali from the groundwater. The infiltration activities have the potential to
increase the hydraulic gradient across the refinery and increase the flux of groundwater from the plume
beneath the Refinery to Cockburn Sound. It is noted that the predicted flux change is minor, and the
recovery bore network is suitable to mitigate any potential flux changes should they be identified.

In addition, localised groundwater plumes have been identified beneath the Open RSA. Bauxite residue
leachate is suspected to have leaked from the Open RSA, with Area F identified as the primary source.
Alkaline leachate in the older residue areas F is slowly leaking to the groundwater through defects in the
clay liners, and potentially through low-rate, broad-scale seepage through larger areas of the clay liners.
The Open RSA also contains a combination of recovery bores and monitoring bores to abstract alkali water
and monitor existing groundwater impacts. The groundwater plume beneath the Open RSA has the
potential to be mobilised by mounding from the infiltration program (i.e., radial flow from the infiltration
trenches). It is noted that the infiltration trench is hydraulically downgradient of the Open RSAs, and the
groundwater flow direction will not be modified (regional flow from the Open RSAs is still to the
west/northwest, and the westerly horizontal hydraulic gradient is unlikely to change given a small increase
in groundwater levels at the infiltration trenches.

2.3.2 Surrounding Contaminated Sites

In addition to the contamination underlying the refinery and Open RSA, multiple third-party sources of
impacts have been observed in the superficial aquifer under the broader Kwinana Industrial Area (KIA).
Investigations by DWER and its predecessor agencies have identified a range of contaminants in
groundwater beneath and surrounding industrial premises, including:

e Petroleum hydrocarbons (e.g., benzene, toluene, ethylbenzene, and xylenes [BTEX]; total
petroleum hydrocarbons [TPH]);

e Chlorinated hydrocarbons (e.g., trichloroethene [TCE], perchloroethylene [PCE], vinyl chloride);

e Heavy metals (notably arsenic, lead, chromium);

e Nutrients (nitrate and ammonia); and

e Salinity, sulfate, and acid plumes associated with legacy waste discharge.

Several sites within the KIA are listed on the Contaminated Sites Register (CSR) maintained under the
Contaminated Sites Act 2003 (WA). These sites are classified under various risk categories including
“contaminated — remediation required” and “contaminated — restricted use”, reflecting their potential to
pose risks to human health and the environment if not properly managed.

As of July 2025, the CSR includes over 30 registered sites within the KIA, with contaminants of concern
predominantly impacting groundwater quality. Of the 30 registered sites, there are seven sites (11 lots)
that are located potentially cross-gradient or downgradient of the proposed infiltration area. In addition to
these sites, DWER have advised of two other sites as ‘potentially contaminated, awaiting classification’. A
Detailed Summary of Records (DSR) was submitted to DWER for each of the known sites. A summary of the
contamination status of each of the sites is presented in Table 2-3 and shown on Figure 2-1.

EHS Support Pty Ltd



Monitoring and Management Plan — Kwinana, Westem Australia

Receptor Summary, Applicable Benelicial Uses, and Constituents of Concern

Table 2-3

Contaminated Sites Within the Activity Area of the Proposed Infiltration Trenches

Location

Status

30 and 32
Macedonia St
Naval Base, WA,

detection limit, indicating the plume remained localised under the site.

Groundwater investigation results were submitted to DEC in August 2007 and showed the
presence of Phase Separated Hydrocarbon (i.e., diesel) up to 0.33 m thick within groundwater
at around 10 m depth, located within the southeast of the Site, corresponding to the location
of the former underground fuel storage tank. Furthermore, low concentrations of Dissolved
Phase Hydrocarbons were identified along the western perimeter of the Site, suggesting that
there may be some off-site migration of groundwater contamination into adjacent land.
Remediation, consisting of skimming and abstraction of hydrocarbon-impacted groundwater in
2006, moved over 100,000 litres of hydrocarbon-impacted water. Following the hydrocarbon
remediation, the groundwater plume was confined to a 40 m? area, mostly in the southwest
corner of 32 Macedonia St. The most recent GME report, issued in 2012, stated that the plume
was stable and evidence of MNA of the plume had been identified. The site has not been
reclassitied from Contaminated- Restricted Use. The site is restricted to its current use as a
commercial storage yard.

A review of the data from the most recent available groundwater sampling event, completed
in October 2012, found concentrations of hydrocarbons in groundwater localised under the
site, including wells with evidence of Phase Separated Hydrocarbons (PSH) in three of the
wells, Samples with PSH were not submitted for laboratory analysis. In addition to the
presence of PSH, one of the onsite wells contained concentrations of hydrocarbon of TRH
Fraction >C10-C16 exceeding the WHO (2008) NPUG equivalent screening criteria. Minor
concentrations of metals exceeding adopted criteria were noted, All wells sampled
downgradient of the plume had concentrations of hydrocarbons below the laboratory

Lot 1 on Plan
24276 — Peron
Quarry

The site and two adjacent land parcels were classified under the CS Act on 24 September 2007,
constituting a source site (classified as contaminated — restricted use) and twoaffected
properties (classified as potentially conteminated —investigation required), The site was a
prescribed premises used to receive a buried fly ash waste in slurry form from the Kwinana
Power Station.

Contamination at the Site was identified in the form of barium, manganese, and heavy metals
are present in fly ash within disposal ponds in the eastern part of the site and a groundwater
plume is present downgradient of the disposal ponds, which are being controlled by
groundwater abstraction at the site. The plume contains elevated concentrations of
ammonium, aluminum, manganese, and heavy metals.

Groundwater monitoring has been completed at the site since 1995, with the latest available
from 2022. The most recent data shows the plume contains elevated concentrations of
nutrients and metals. The elevated nutrient concentrations are considered representative of
regional groundwater conditions and not as a result of the site's land use. The results of the
groundwater monitoring concluded that the extent of the plume is understood and does not
pose an unacceptable risk to human health or the environment/environmental values.

360 Environmental (2022) recommended to the contaminated sites auditor, the Perron Quarry
site, should be reclassified to ‘remediated — restricted use’ (RRU) for commercial/industrial use
only, with groundwater abstracted only for non-potable use only (i.e., not for drinking warter).
In November 2023, the site was classified as remediated for restricted use.

27 Weston St and
a portion of
Weston St Road
Reserve, Naval

The site was classified under the CS Act in July 2010, following the decommissioning of a fuel
station that existed at the site from 1971-2009. Contamination was identified in the form of
hydrocarbons in soil and groundwater from petrol or diesel during a contamination
assessment. Hydrocarbon impacts were not identified in the top 3 m of the soil profile.

Base, WA Groundwater monitoring completed between 2015 and 2017 found concentrations of
hydrocarbons in groundwater exceeding non-potable groundwater use criteria. An assessment of
the groundwater plume found that MNA appeared ta have been occurring since 2009, Based on
the data, the site was not considered to pose an unacceptable risk to human health or the
environment for its current use, The site was reclassified as remediated for restricted use.
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Receptor Summary, Applicable Benelicial Uses, and Constituents of Concern

Location

Status

A review of the data from the most recent available groundwater sampling event, completed
in March 2017, found concentrations of hydracarbons in graundwater localised under the site,
but no screening criteria were exceeded. Concentrations of arsenic, copper, nickel and zinc
exceeded relevant assessment criteria. Exceedances were limited te high protection screening
criteria for the Cockburn Sound.

2 Barter Road and
Barter Road
Reserve, Naval
Base WA

2 Barter Street forms part of the Kwinana Power Station, known as the strategic oil reserves.
The site was classified as under the CS Act in September 2008 due to the presence of
hydrocarbon-impacted soils and groundwater. The site was classified as under the C5 Act in
September 2008 due to the presence of hydrocarbon-impacted soils and groundwater. The
site has been reclassified multiple times since 2008 and most recently was reclassified as
remediated for restricted use in August 2025.

The hydrocarbon contamination was a result of spills during the ongoing operation of the
power plant, including a release of hydrocarbons of 523,000L in 2012, A series of
investigations and remediation works have been undertaken at the site since 2012. As of 2025,
the contamination status at the site is localised hydrocarbon impacts in soil at the smear zone
and a hydrocarbon plume in groundwater. The easternmost portion of 18 Barter Road and
Barter Road Reserve are affected sites from 2 Barter Street, with the groundwater plume
extending under these sites. An SMP is in place to manage the impacts remaining at the site.

A review of the data from the most recent available groundwater sampling event, completed
in May 2023, found concentrations of hydrocarbons in groundwater localised under the site,
one of the onsite wells contained concentrations of hydrocarbon of TRH Fraction >C10-C16
exceeding the WHO (2008) NPUG Equivalent screening criteria. All wells sampled
downgradient of the plume had concentrations of hydrocarbons below the laboratory
detection limit, indicating the plume remained localised. In addition to the hydrocarbon
concentrations, concentrations of PFAS were detected in the majority of wells beneath the site
with concentrations exceeding the NEMP PFAS 99% specifies protection criteria and draft
drinking water criteria in some wells. The source of the PFAS in groundwater is not clear and
may be the result of the industrial use of the KWI.

Lot 22 Weston
Street, Naval
Base, WA

Lot 22 Weston Street was historically used as a Coal Fired Power Station. The site was
classified as under the CS Act in 2008 due to the presence of hydrocarbon-impacted soils and
groundwater. The site was classified due to multiple potentially contaminating activities such
as coal and bottom-ash storage, waste-oil storage, fuel systems, transformers and workshaops.
Soil and groundwater investigations undertaken between 2003 and 2007 identified
widespread contamination across several parts of the site, including heavy metals,
hydrocarbons and petroleum hydrocarbons in both surface soils and groundwater. Several
bottom-ash ponds required excavation and off-site disposal. Some areas underwent
remediation and validaticn, results confirmed remaining impacts relating to oil-contaminated
horizons discovered during earthworks for new ash ponds.

Contamination was also detected in other precincts, including fuel forwarding systems, step-
up transformer areas and waste-oil storage areas, with investigations revealing localised but
significant hydrocarbon staining and heavy-metal impacts.

A review of the data from recent available groundwater sampling events, three plumes at the
site. The plumes were identified at the former oil bulk storage area (most recent event 2021),
former turbine halls (most recent sampling event in 2024) and former coal stockyard (most
recent sampling event in 2022). A summary of the contaminants identified in concentrations
exceeding assessment criteria for each plume is presented below

e Contaminants beneath the former coal stockyard exceeded the assessment criteria
for PFAS compounds and hydrocarbons, including areas of Light Non-Aqueous Phase
Liquid (LNAPL). The source of the LNAPL was believed to be the historical site use.
PFAS was identified in concentrations exceeding the 99% Marine Protection Criteria
and drinking water criteria. Two distinct PFAS signatures were identified in the
groundwater beneath the site, one of which appeared to be associated with a former
fire training facility formerly at the site; the source of the second PFAS signature was
not identified.

EHS Suppaort Pty Lid
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Receptor Summary, Applicable Benelicial Uses, and Constituents of Concern

Location

Status

¢  Theinvestigation completed at the former turbine halls identified concentrations of
hydrocarhons (NPUG and recreational criteria), heavy metals (95% Marine Protection
Criteria), PFAS (99% Marine Protection Criteria) and TDS (NPUG). The source of the
heavy metals and hydrocarbons was concluded to be the use of the turbine halls,
while the source of the PFAS was not identified.

¢ Contaminants beneath the former oil bulk storage area exceeded the assessment
criteria for PFAS compounds and hydrocarbons, including areas of LNAPL and
concentrations of PFOS exceeding the 99% Marine and Freshwater Protection
Criteria. The hydrocarbaons in groundwater were linked to a former oil sump from the
site's historical land use. No source for the PFAS compounds was identified during
the investigation.

Lot 3000 on Plan
46763 and 18
Barter Road and
Barter Road
Reserve, Naval
Base WA

, criteria for the Cackburn Sound.

The site was classified under the CS Act in September 2008, due to the site’s operation as a
coal-fired fired power station. Several investigations were carried out as part of the
redevelopment of the site as the Perth Seawater Desalination Plant. The investigations
determined the presence of hydrocarbons in groundwater. 18 Barter Street, formally part of
the Kwinana Power Station, for ancillary uses such as ash storage, workshops and offices,
Portions of the site were subject to groundwater and soil investigation between 2003 and
2005 before the site was developed into the Perth Seawater Desalination Plant. The Site has
been subject to ash relocation and soil remediation, which was successfully validated.

Following the remediation and validation of the site it was reclassified as remediated for

restricted use in 2009 with restrictions on groundwater abstraction due to the presence of the
hydrocarbon plume.

A review of the data from the most recent available groundwater sampling event, completed
in February 2009. found concentrations of hydrocarbons in groundwater localised under the
site, but no screening criteria were exceeded. Concentrations of copper, nickel and mercury
exceeded relevant assessment criteria. Exceedances were limited to high protection screening

143 McLaughlin
Road, Postans,
WA

The site was first classified under the CS Act by the department in August 2014, It is currently
classified as “Possibly contaminated - investigation required”. These reasons for classification
have been updated to reflect additional technical information submitted to the department by
lanuary 2025. The site has operated as the Kwinana WWTP since the 1970s, with additional
solid waste recycling activities occurring on the site. Numerous investigations into the soil and
groundwater have been undertaken at the site, which have identified elevated concentrations
of nutrients and PFAS in groundwater beneath the site. Detailed Hydrological Investigation,
including a tracer study, confirmed that a complete pathway is present between infiltrated
treated wastewater and the Spectacles Wetland, with the groundwater plume being
delineated from the infiltration area to a discharge zone on the eastern shore of the Spectacles
northern lake.

A review of the data from the most recent available groundwater sampling event, completed
in January 2022, found that concentrations of PFAS were detected in the majority of wells
beneath the site, with concentrations exceading the NEMP PFAS 99% protection criteria and
draft drinking water criteria in some wells. Concentrations of phosphorous were detected in
concentration exceeding irrigation criteria. Some concentrations of metals, aluminium and
iron were found to exceed NPUG create noting these criteria are aesthetic only. Other metals
found to exceed criteria include arsenic and lead exceeding drinking water criteria with
copper, nickel and lead exceeding ecological criteria.
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Receptor Summary, Applicable Benelicial Uses, and Constituents of Concern

Location

Status

Lot 2on
deposited plan
419343

Lot 301 on plan
407762

Lot 302 on plan
407762

Lot 252 on
deposited plan
415974

The sites were classified as part of a parcel consisting of 12 sites, which were classified as
Contaminated — Restricted Use under the CS Act in November 2008. The sites form part ofa
large commercial industrial complex, including a blast furnace powerhouse, steel merchant,
raw material and product storage, production waste disposal, including the disposal of slag,
dusts and demolition waste, mixed and putrescible wastes.

Soil investigations were carried out between 2000 and 2003. The soil investigations identified
widespread industrial slag and cinders within the Site that were found to contain slightly
elevated concentrations of heavy metals exceeding ecological investigation but below health
investigation levels. A leachability study canducted on the impacted soils found no evidence of
risk to the underlying groundwater from the leaching of soil contamination. A groundwater
investigation identified the widespread presence of nitrate contamination at concentrations
exceeding Marine Water criteria, although no potential contaminants were detected above
ten times the drinking water criteria.

Lot 521 on
deposited plan
300764
(awaiting
classification—
Recognised by
DWER as
potentially
contaminating
sites)

DWER has advised that the site is classified as a potentially classified site that is awaiting
classification. DWER has reported that there is limited information, but the classification is
currently based on the site's historical use as a power station. A review of available historical
aerial photography shows that the power station was constructed on the site between 1953
and 1961. The duration of the operations at the site is not known, but the majority of the
infrastructure, such as the powerhouse, was removed from the site in 2011. There are no
known investigations at the site. The contaminants of concern for power station sites in
accordance with DWER (2021b) are metals, hydrocarbons, PFAS and polychlorinated biphenyls
(PCB). These contaminants are reported to be associated with fly ash and bottom ash, which
may have been produced during the operation of the power stations include metals, TDS and
sulfates (DWER, 2021b).

Lot 170 on Plan
300773
(awaiting
classification —
Recognised by
DWER as
potentially
contaminating
sites)

DWER has advised that the site is classified as a potentially classified site that is awaiting
classification. DWER has reported that there is limited information, but the classification is
currently based on the site having buried fly ash. A review of available histarical aerial
photography shows that the fly ash began being buried at the southern portion of the site
between 1970 and 1974. The wider site has been used as a sand quarry since 1970. The burial
of the ash at the site ceased between 1983 and 1985 when the cell being used to contain the
ash was capped. The remainder of the site has continued to be used as a quarry until the
present. The contaminants of concern related to fly ash in accordance with DWER (2021b) are
metals, TDS and sulfates,

The potential mobilisation and migration of existing groundwater plumes associated with infiltration has been
discussed in the CORA and considered when developing the monitoring network as part of this MMP. The risk
of mobilising any downgradient and cross gradient groundwater impacts was determined to be low.

2.3.1 Potentiaily Unknown Surrounding Contaminated Sites

In addition to the known contaminated sites, there is a potential that other contamination sources may be
present cross- and downgradient of the proposed infiltration area. To assess the potential and associated
risks associated with these sites, a LotSearch review of potentially contaminating land uses and aerial
photographs and a qualitative risk assessment were completed (refer to CORA). No high-risk sites were
identified; however, several medium-risk sites were identified within the area of groundwater influence.
The increased groundwater flux is considered to be relatively minor, and unlikely to impact plume
migration in these areas. The |ocations of these medium risk sites that were within the mounding areas are
included on Figure 2-1.
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Monitoring and Management Plan — Kwinana, Western Australia
Receptor Summary, Applicable Beneficial Uses, and Constituents of Concern

2.4 Constituents of Concern

The following sections present the framework adopted to confirm the constituents of concern that will
form the primary water quality suite to evaluate potential risks to receptors during the operational phase
of infiltration.

This process of screening of constituents was developed in consultation with the CS Auditor who has
historically been engaged in assessments involving evaluation of the beneficial uses of groundwater within
the Kwinana area. Non-Potable Use Guidelines (NPUG) were selected as the appropriate screening criteria as
the Tamala Limestone in this area is not in a designated potable water supply area, and water usage in the
area is focused on industrial water supply. The NPUG ensures that the treated water will not pose a health
risk to downgradient non-potable users. The screening process is considered conservative as the assessment
was conducted on influent water quality (neutralised and clarified) only with the reverse osmosis treatment
process producing effluent with order of magnitude reductions in minor ion concentrations.

2.4.1 Analysis of Neutralised Feed Water to Support Constituents for Treatment

The comprehensive analytical suite reported in the neutralised feed during the water treatment plant pilot
trial (February and April 2025) were evaluated through a stepwise screening process to identify
constituents that require further treatment and form part of the analytical suite for the MMP. The
neutralised feed is representative of the proposed neutralised feed to the full-scale water treatment plant
(i.e., from the recovery bore network at the Refinery and RSAs, the underdrainage system at the Open RSA
and stormwater). The screening process progressed as follows:

1. Constituents that were not detected above the LOR in the neutralised feed water were removed.

2. Constituents that were below the NPUG were highlighted for removal. An additional screening of
these constituents was completed against the background UPL. Where the constituent was below
the NPUG, however above the background UPL, it was retained. Otherwise, it was removed.

3. Where the NPUG were absent, constituents below the background UPL for the Tamala Limestone in
the neutralised feed, were removed.

The following methods were also applied to defining constituents to form part of the analytical suite for
the MMP.

1. Physical properties, that is non ion specific parameters were removed.

2. Gross alpha and gross beta are not considered further. Solids interference in the analysis reports
concentrations slightly above UPLs. Post filtration, the concentrations are an order of magnitude below.

3. A number of rare earth minerals (hafnium, indium, niobium, tantalum and zirconium) were
detected at very low concentrations in the neutralised raw water feed to the plant. There are no
relevant criteria for these constituents and subsequent steps in the process support their removal
below analytical reporting limits.

4. Nitrogen oxides were also detected and have no background UPL or NPUG criteria, but these
constituents were assessed through analysis of ammonia, nitrate, nitrite and TKN, with ammonia
and TKN retained in the assessment above.

5. N-Nitrosodimethylamine, phenol, thiosulfate and sulfide all have low concentrations and there are
no relevant beneficial use criteria. All compounds will be removed by the membrane treatment
technologies, are readily biodegradable and/or will rapidly oxidise and react.

6. PFBS (max of 0.0053ug/L), PFHpA (max of 0.029 ug/L), PFHxXA (max of 0.064 pg/L), PFPeS (max of
0.0023 pg/L) were all detected in background samples but background UPLs were not calculated.
The concentrations in the neutralised raw water feed were generally consistent with background.
These PFAS compounds are included in the standard PFAS analytical suite and in combination with
PFOS, PFOA and PFHxS will be demonstrated to be absent in the treated effluent from the water

EHS Support Pty Ltd 15



Monitoring and Management Plan — Kwinana, Western Australia
Receptor Summary, Applicable Benelicial Uses, and Constituents of Concern

treatment plant as part of commissioning testing. PFOS, PFOA, and PFHxS have been included in
the screening process below as there are criteria for relevant beneficial uses.

Constituents remaining after the completion of this refinement process were identified as relevant
contaminants of potential concern and were evaluated through a secondary screening process.

The analytical results reported for the pilot trial are presented in Appendix B. These samples were analysed
by NATA accredited laboratory MPL Laboratories in Perth, and therefore the LORs for each constituent are
considered appropriate for comparison to screening criteria.

2411 Constituerits Below LORs

There were 123 constituents that had concentrations below the LOR across all three samples of the
neutralised feed water, and these are presented in Table 2-4. The full dataset is provided in Appendix B.

Table 2-4 Constituents Not Detected in the Neutralised Feed from Pilot Trial
e
Chemical Name Al S:::::t:;t::mda
e orecous (NPUG or Background UPL)
42 F1S 0/3 Below
6:2 FTS 0/3 Below
8:2 F1S 0/3 Below
10:2 F1S 0/3 Below
2,4,5-Trichlorophenol 0/3 Below
2,4,6-Trichlorophenol 0/3 Below
2,4-Dichlorophenol 0/3 Below
2,4-Dimethylphenol 0/3 Below
2,4-Dinitrophenol 0/3 Below
2,6-Dichlorophenol 0/3 Below
2.3.4.5 & 2.3 4. 6-Tetrachlorophenal 0/3 Below
2-Chlorophenol 0/3 Below
2-Cyclohexyl-4,6-Dinitrophenol 0/3 Below
2-Methylphenol [O-Cresal) 0/3 Below
2-Nitrophenol 0/3 Below
3- & 4-Methylphenol 0/3 Below
4,6-Dinitro-2-Methylphenol 0/3 Below
4-Chloro-3-Methylphenol 0/3 Below
4-Nitrophenol 0/2 Below
Aldrin 0/3 Below
Alkalinity, Carbonate (As CaCO3) 0/3 Below
Alkalinity, Hydroxide (As CaCO3) 0/3 Below
alpha BHC (Alpha Hexachlorocyclohexane) 0/3 Below
Alpha Endosulfan 0/3 Below
Azinphos- methyl (Guthion) 0/3 Below
Barium 0/3 Below
Beryllium 0/3 Below
beta BHC (Beta Hexachlorocyclohexane) 0/3 Below
Beta Endosulfan 0/3 Below
Bismuth 0/3 Below
Bromophos-ethyl 0/3 Below
Calcium 0/3 Below
Carbon disulfide 0/3 Below
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O
> Neutralised Feed
Chemical Name MN::J;:‘::;:: # Screening OQutcome
(NPUG or Background UPL)
Cerium 0/3 Below
Cesium 0/3 Below
Chlorpyrifos 0/3 Below
Chlorpyrifos Methyl 0/3 Below
cis-Chlordane 0/3 Below
Cobalt 0/3 Below
Coumaphos 0/3 Below
delta BHC (Delta Hexachlorocyclohexane) 0/3 Below
Diazinon 0/3 Below
Dichlorvos 0/3 Below
Dieldrin 0/3 Below
Dimethoate 0/3 Below
Dinoseb 0/3 Below
Disulfoton 0/3 Below
Dysprosium 0/3 Below
Endosulfan sulfate 0/3 Below
Endrin 0/3 Below
Endrin Ketone 0/3 Below
Erbium 0/3 Below
Ethion 0/3 Below
Europium 0/3 Below
Fenamiphos (Nemacur) 0/3 Below
Fenitrothion 0/3 Below
Fenthion 0/3 Below
Ferrous Iron 0/3 Below
Gadolinium o/3 Below
gamma BHC (Lindane) 0/3 Below
gamma-Chlordane 0/3 Below
Germanium 0/3 Below
Hardness (As CaC0O3) 0/3 Below
Heptachlor 0/3 Below
Heptachlor epoxide - isomer a 0/3 Below
Heptachlor epoxide - isomer b 0/3 Below
Hexachlorobenzene 0/3 Below
Holmium 0/3 Below
Lanthanum 0/3 Below
Lead 0/3 Below
Lithium 0/3 Below
Lutetium 0/3 Below
Malathion 0/3 Below
Magnesium 0/3 Below
Manganese 0/2 Below
Mercury 0/3 Below
Methane 0/3 Below
Methidathion 0/3 Below
Methoxychlor 0/3 Below
Mevinphos 0/3 Below
Mirex 0/3 Below
Neodymium 0/3 Below
N-EtFOSE 0/3 Below

EHS Support Pty Ltd
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s Neutralised Feed
Chemical Name D:::t/us.al:t:::::: # Screening Qutcome
i [NPUG or Background UPL)
N-EtFOSA 0/3 Below
N-EtFOSAA 0/3 Below
N-MeFOSE 0/3 Below
N-MeFOSA 0/3 Below
N-MeFOSAA 0/3 Below
P,P'-DDD 0/3 Below
P,P-DDE 0/3 Below
P,P'-DDT 0/3 Below
Parathion, ethyl 0/3 Below
Parathion, methyl 0/3 Below
Pentachlorophenol 0/3 Below
PFBA 0/3 Below
PFDS 0/3 Below
PFDA 0/3 Below
PFDoDA 0/3 Below
PFHpPS 0/3 Below
PFNA 0/32 Below
FOSA or PFOSA 0/3 Below
PFPeA 0/3 Below
PFTeDA or PFTA 0/3 Below
PFTrDA 0/3 Below
PFUNDA 0/3 Below
Phorate 0/3 Below
Phosalone 0/3 Below
Praseodymium 0/3 Below
Rhenium 0/3 Below
Ronnel 0/3 Below
Samarium 0/3 Below
Scandium 0/3 Below
Silver 0/3 Below
Sulfite (As 503) 0/3 Below
Sum of organochlorine pesticides 0/3 Below
Tantalum 0/3 Below
Tellurium 0/3 Below
Terbium 0/3 Below
Thallium 0/3 Below
Thulium 0/3 Below
trans-Chlordane 0/3 Below
Ytterbium 0/3 Below
Yttrium 0/3 Below
2412 Remaining Constituents with Sample Detect Counts and Screening Assessment

There were 62 constituents that had concentrations above the LOR in at least one sample of the neutralised

feed water, and these are presented in Table 2-5. These samples were also screened against the NPUG
guidelines and/or background Tamala Limestone UPLs. The full dataset is provided in Appendix B.
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Table 2-5 Constituents Detected in the Neutralised Feed from Pilot Trial and Screening Assessment
Neutralised Fead Neutralised Feed
Chemical Name (dissolved sample) Screening Outcome
Detect/Sample Count (NPUG or Background UPL)

Alkalinity, Total (As CaCO3}* 3/3 Not applicable (refer footnote)

Aluminium 3/3 Exceed

Ammonia as N 3/3 Exceed

Antimony 3/3 Below

Arsenic 3/3 Exceed

Biochemical Oxygen Demand (BOD) * 3/3 Not applicable (refer footnote|

Boron? 3/3 Retained refer to footnote

Cadmium 3/3 Below

COD - Chemical Oxygen Demand™ 3/3 Not applicable (refer footnote)

Chloride 3/3 Exceed

Chromium 3/3 Below

Copper 3/3 Below

Cyanide 1/3 Excead

Fluoriden 3/3 Retained refer to footnote

Gallium® 3/3 Retained refer to footnote

Gross alpha particle activity* 3/3 Not applicable (refer footnote)

Gross beta particle activity® 3/3 Not applicable (refer footnote)

Hafnium™® 2/3 No UPL or NPUG Criteria

Iron 2/3 Below

Indium® 1/3 No UPL or NPUG Criteria

Molybdenum 3/3 Exceed

Nickelr 3/3 Retained refer to footnote

Nitrate 1/3 Below

Niabium® 3/3 No UPL or NPUG Criteria

Nitrite 2/3 Below

Nitrogen 1/1 Below

Nitrogen oxides, NOx* 2/2 No UPL or NPUG Criteria

N-Nitrosodimethylamine® 1/3 No UPL or NPUG Criteria

PFBS* 3/3 No UPL or NPUG Criteria

PFHpA™ 3/3 No UPL or NPUG Criteria

PFHxA* 3/3 No UPL or NPUG Criteria

PFHxS® 1/3 Retained refer to footnote

PFOS® 1/3 Retained refer to footnote

PFOA® 3/3 Retained refer to footnote

PFPeSh 1/3 No UPL or NPUG Criteria

Phenol® 3/3 No UPL or NPUG Criteria

Phosphate 3/3 Exceed

Phosphorus 2/3 Below

Potassium 3/3 Below

Rubidium 3/3 Below

Selenium 3/3 Exceed

Silicon 1/3 Below

Sodium 3/3 Exceed
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Neutralised Fead Neutralised Feed
Chemical Name (dissolved sample) Screening Outcome
Detect/Sample Count (NPUG or Background UPL)
Strontium 1/3 Below
Sulfate 3/3 Below
Sulfide™ 1/3 No UPL or NPUG Criteria
Sulfur 3/3 Below
Tantalum® 1/3 No UPL or NPUG Criteria
Thiosulfate® 1/3 No UPL or NPUG Criteria
Thorium 3/3 Exceed
Tin 1/3 Exceed
Titanium 3/3 Below
TDS 3/3 Exceed
Total Carbon® 3/3 Not applicable (refer footnote)
Total Inorganic Carbon® 3/3 Not applicable (refer footnote)
Total Kjeldahl Nitrogen 2/2 Exceed
Total Organic Carbon* 3/3 Not applicable (refer footnote)
Tungsten 3/3 Below
Uranium 3/3 Below
Vanadium 3/3 Exceed
Zinc 2/3 Below
Zirconium® 3/3 No UPL or NPUG Criteria

Table Notes:

* Represents physical parameters and are not considered further.

* Gross alpha and gross beta are not considered further. Solids interference in the analysis reports concentrations slightly above UPLs. Post
filtration the concentrations are an order of magnitude below.

~ Boron, fluoride and nickel — retained because even though constituent is below NPUG, it is above the UPL.

& No dissolved phase UPL avallable, therefore the total phase UPL has been adopted.

€ No UPL available, however screening criteria for other beneficial uses available, therefore retained.

* A number of rare earth minerals {hafnium, indium, niobium, tantalurn and zirconium) were detected at very low concentrations in the
neutralised raw water feed to the plant. There are no relevant criteria for these constituents and subsequent steps in the process support
their removal below analytical reporting limits {consistent with background- refer Table 2-6). Nitrogen oxides were also detected and have
no background UPL or NPUG criteria, but these constituents were assessed through analysis of ammonia, nitrate, nitrite and TKN, with
ammonia and TKN retained in the assessment above. N-Nitrosodimethylamine, phenol and thiosulfate and sulfide all have low concentrations
and there are no relevant beneficial use criteria. All compounds will be removed by the membrane treatment technologies, are readily
biodegradable and/or will rapidly oxidise and react (noting that if any sulfide or thiosulfate oxidation byproducts are present, they would
react with the milk of lime producing gypsum).

PFBS (max of 0.0053pg/L), PFHpA (max of 0.029 pg/l), PFHxA (max of 0.064 pg/L), PFPeS (max of 0.0023 pg/lL) were all detected in background
samples but background UPLs were not calculated. The concentrations in the neutralised raw water feed were generally consistent with
background (Table 2-7). These PFAS compounds are included in the standard PFAS analytical suite and in combination with PFOS, PFOA and
PFHXxS (refer Section 2.4,1.3) will be demonstrated to be absent in the treated effluent from the water treatment plant as part of commissioning
testing. PFOS, PFOA, and PFHxS have been included in the screening process below as there are criteria for relevant beneficial uses.
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Table 2-6 Neutralised Feed — Dissolved Trace Metal Summary (mg/L)
Constituent Detect Count LOR Wamdsmirn
Concentration
Hafnium 2/3 0.001 0.01
Indium 1/3 0.001 0.0012
Niobium 3/3 0.001 0.0048
Tantalum 1/3 0.001 0.0057
Zirconium 3/3 0.001 0.021
Table 2-7 Neutralised Feed and Background Tamala Limestone Concentrations for
Select PFAS Compounds (pg/L)
Tamala Limestone Anin Lmastone
_ Neutralised Fead Neutralised Feed Background
Constituent Background
Detect Count Concentration Maximum
Detect Count
Concentration
PFBS 3/3 0.0026 -0.0071 15/32 0.0053
PFHPA 3/3 0.00078 —0.0015 21/32 0.029
PFHxXA 3/3 0.00052 - 0.0022 28/32 0.063
PFPeS 1/3 0.0017 2/32 0.0023
2.4.1.3 Included Constituents in the Infiliration Risk Assessmentand MMPE

Based on the framework presented above the following constituents have been included for analysis in the
infiltration assessment (Table 2-8); there are a total of 25 remaining of the total 190 constituents analysed.

Where there is justification to remove a constituent based on the framework above, but the constituent is
considered a key parameter for groundwater assessment, the constituent has been kept in the ongoing
dataset. These are indicated with *' in the table below.

Table 2-8 Constituents to be Included in the Infiltration Assessment
Chemical Name MN::J;::‘: F:::d S:::mnﬁ:;me
patomm (NPUG or Background UPL)
Aluminium 3/3 Exceed
Ammonia as N 3/3 Exceed
Arsenic 3/3 Exceed
Boron 3/3 Exceed
Calcium® 0/3 Below
Chloride 3/3 Exceed
Cyanide 1/3 Exceed
Fluoride* 3/3 Below
Gallium* 3/3 Below
Magnesium* 0/3 Below
Molybdenum 3/3 Exceed
Nickel* 3/3 Below
Nitrate™ 1/3 Below
PFHxS* 1/3 Below
PFOS* 1/3 Below
PFOA* 3/3 Below
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Chemical Name MN:;IRS‘:'::::::::M S::::i‘nl: ;‘:xe
(NPUG or Background UPL)
Phosphate 3/3 Below
Potassium® \Y 3/3 Below
Selenium \ 3/3 Exceed
Sodium 3/3 Exceed
Sulfate?* 3/3 Exceed
Thorium 3/3 Exceed
Tin ’ 1/3 Exceed
TDS 1 3/3 Exceed
Total Kjeldahl Nitrogen \ 2/2 Exceed
Vanadium l 3/3 Exceed
Table Notes:

* Indicates constituents with justification to remove, however they have been retained as a key parameter for further assessment. It is proposed that
initial testing of the plant on commissioning will include these parameters but that on confirmation that concentrations in the neutralised feed are
below criteria that these constituents will be removed from the long-term monitoring program.

2.4.2 Commissioning Phase

As discussed in Section 1.2, during the Commissioning Phase, the water treatment plant will be operational
for a period of approximately 14 days to demonstrate that the minimum compliance criteria, set by Proxa,
for the relevant constituents can be achieved. During this Commissioning Phase (and the necessary time
period for receipt of results and confirmation of acceptability) the treated water will not be discharged to
the infiltration trench, These constituents and minimum compliance criteria are provided in Table 2-9.

The treated water will be sampled daily for a period of 14 days for a comprehensive analytical suite for a
broad range of organic and inorganic constituents, as summarised in Table 3-5. It is noted that this suite
is much more comprehensive than the constituents associated with the plant compliance criteria;
however, it is considered necessary during this commissioning phase to confirm if additional constituents
need to be incorporated into the compliance monitoring program. The framework presented in Section
2.4.1 will be adopted.

The treated water will be used for spray evaporation and dust suppression during the commissioning
period. Where water produced is surplus to demand, the water will be discharged back into the ROWS
feedwater pond.
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2.4.3 Operational Phase — Constituents of Relevance Road Map

To determine which constituents are to be included in the Operational Phase analytical suite (referred
hereon as the primary water quality suite) that forms part of this MMP, the following was undertaken:

1. The permeate compliance constituents, as presented in Table 2-9, were compared to background
Tamala Limestone Upper Prediction Limits (EHS Support, 2025b). It should be noted that this
screening process is also partially undertaken in the framework presented in Section 2.4.1,
however the first screening process also screens against NPUG (rather than just background UPLs)
where they exist. Where the concentration of a constituent in the permeate water is less than the
background UPL, this will be flagged and potentially removed from the analytical suite, based on
the results of the screening assessment against the Tier 1 screening criteria.

It is noted that the background UPLs will be supplemented by baseline data collected from new and
existing sentinel and delineation bores (likely June 2026) that will be installed within the proposed
infiltration areas. It is expected that baseline will be combined with the background Tamala
Limestone dataset, and the UPLs recalculated.

2. Of the remaining constituents in the permeate water, screen these against the relevant Tier 1
screening criteria and site -specific Environmental Quality Guidelines (EQGs) for Cockburn Sound
(refer to Table 2-2). Where the concentration of a constituent in the permeate water is less than all
Tier 1 screening criteria, remove from the analytical suite.

3. Incorporate constituents that may be important to assess advective and dispersive geochemical

mixing and attenuation processes and aquifer mineralisation reactions regardless of the outcomes
of (1) and (2).

The following sections present a comparison of the permeate water quality data against the background
Tamala Limestone UPLs and the relevant Tier 1 screening criteria. The outcomes from this screening
assessment will be the constituents that comprise the primary water quality suite that will be adopted for
the MMP.

2.4.4 Permeate Water Cuality

The design composition of the feed in water and the permeate water quality, as determined by Proxa (the
water treatment plant vendor), is presented in Table 2-9, It should be noted that several constituents have
already been removed from further assessment as the concentrations were below the detection limit in the
neutralised feed water (refer Section 2.4.1 and Appendix B).

Treatment will reduce the concentrations of some constituents in the raw water (non-neutralised) feed
by up to four orders of magnitude, and the percent removal of most constituents is >97%. All reasonable
efforts will be made to reduce the concentrations of constituents to below the Australian drinking water
guidelines where criteria exist.

Table 2-9 Raw Water Feed and Permeate Quality

Parameter Unit 10 g/1 feed concentration Permeate Quality - Proxa rercent Mempve from

Reverse Osmosis plant
Aluminium mg/L 555 0.15 99,98
| Ammonia as N mg/L 0.21* 0.10 50.00
| Ammonia | me/L 0.25* 0.12 50.00
Arsenic mg/L 1.5 0.010 97.80

| Boron* | mg/L 0.650 - 1.000 0.900 10 to 29.69

Calcium mg/L 8 1.0 98.72
| Chloride mg/L 350 17.5 99.99
Cyanide | meg/t | 0.014* 0.0007 95,00
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Parameter Unit 10 g/ feed concentration Permeate Quality - Proxa e o e
Reverse Osmosis plant
Fluoride mg/L 10 0.5 97.80
Gallium mg/L 4.30 0.005 97.80
Magnesium mg/L 1 0.1 98.72
Molybdenum mg/L 2.350 0.09 97.80
Nickel mg/ L 0.010 0.002 97.80
Nitrate mg/L 37.6 2.0 97.80
PFOS pe/L ND (ND)A <0.01 99.99
PFOA pe/L 0.011 (0.033)A <0.01 99.99
PFHxS pa/L 0.00021 (0.00063 )7 <0.01 99.99
Phosphate mg/L 0.92 0.02 96.50
Potassium mg/L 18 1.2 97.80
Selenium mg/L 0.635 0.010 97.80
Sodium mg/l | 5,040 150 97.50
Sulfate mg/L 410 20.0 97.78
Thorium meg/L 0.0032* 0.00007 97.80
Total Dissolved Solids mg/L 15,560 600 96.81
Total Kjeldahl Nitrogen mg/L 10* 05 a5.00
Tin mg/L 0.005 0.002 97.80
Vanadium mg/L 23 0.010 97.80
Table Notes:

ug/L = micrograms per litre

mg/L = milligrams per litre

PFHxS — Perfluorohexanesulfonic acid

PFOA — Perfluorooctanoic acid

PFOS — Perfluorooctanesulfonic acid

* Maximum concentration adopted in absence of Proxa data

# Uncertainty exists on Boron feed concentrations due to change in pH in plant resulting increase in solubility. Based on poor rejection
efficiency a safety factor has been applied.

A PFQS, PFOA and PFHxS results from the Clarifier Overflow during the Pilot Trial. PFAS was not analysed on the raw feed water. The Pilot
Plant had a Total Alkalinity input of approximately 3 g/, therefore the PFAS results have been multiplied by a factor of 3.

2.4.5 Comparison Against Tamala Limestane Background UPLs

Environmental thresholds were calculated based on data from nine background monitoring bores screened
in the Tamala Limestone formation. These bores were sampled four times; November 2024, February 2025,
May 2025, and August 2025, All calculated UPLs have been determined to have acceptable suitability to be
used as environmental thresholds and are considered suitable for detecting changes in conditions over time
(Appendix A).

The first stage of the road map included comparing the permeate water quality and the Background Tamala
Limestone UPLs (Table 2-10). Aluminium, boron, flucride, gallium, molybdenum, nickel, selenium, sodium,
tin, vanadium concentrations in the permeate water exceed the Background Tamala Limestone UPLs.
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Table 2-10 Permeate Water Quality Compared to Background Tamala Limestone UPLs

Parameter Unit Permeate Quality - Background Tamala Limestone Exceeds Background
Proxa UPL UPL
Aluminium meg/L 0.15 0.04
Ammonia as N mg/L 0.10* 0.18
Ammonia mg/L 0.12* 0.22
Arsenic mg/L 0.010 0.03
Boron mg/L 0,900 0.13
Calcium mg/L 1.0/50@ 350
Chloride mg/L 175 222
Cyanide mg/L 0.0007* 0.004
Fluoride mg/L 0.5 0.41
Gallium mg/L 0.005 0.002
Magnesium mg/L 0.1/5.0@ 40
Molybdenum mg/L 0.09 0.007
Nickel mg/L 0.002 0.002
Nitrate mg/L 2.0 47.4
PFQOS uefL <0.01 0.000664
PFOA ugfL <0.01 0.017
PFHxS pg/L <0.01 0.00437
Phosphate mg/L 0.02 0.03
Potassium me/L 1.2 10.1
Selenium mg/L 0.010 0.004
Sodium mg/L 150 129
Sulfate mg/L 20.0/50.0@ 640
Thorium mg/L 0.00007* 0.002
TDS mg/L 600 1093
TKN mg/L 0.5* 1.2
Tin mgrll 0.002 0.001
Vanadium mg/L 0.010 0.009
Table Notes:

Hg/L — micrograms per litre; mg/L— milligrams per litre

CORA - Commissioning/Operational Risk Assessment

PFHxS — Perfluorohexanesulfonic acid; PFOA - Perfluoraoctanolc acid; PFOS - Perfluorooctanesulfonic acid

UPL —Upper Prediction Limit

* Calculated based on maximum concentration

A Background UPL not calculated and therefore maximum concentration presented. Analysis was on the unfiltered sample; potential
interferences will require a higher reporting limit (i.e., <0.01ug/L)

@ Estimates of post milk of lime dosing ion concentrations have been included in table and are shown as secondary values (i.e. 1/10), This
impacts on values for Calcium, Magnesium and Sulfate.

2.5 Permeate Water Quality Screening Assessment

The second stage of the road map included comparing the permeate water quality with all relevant Tier 1
screening criteria (Table 2-11). Aluminium, molybdenum, selenium, and vanadium concentrations in the
permeate water exceeded at least one of the Tier 1 screening criteria. For reference, permeate water has
also been screened against the Australian Drinking Water Guidelines (ADWG); if the permeate quality is
equal to or above the ADWG it is highlighted yellow. Alcoa will make all reasonable efforts to reduce the
concentrations of constituents to below the ADWG where criteria exist. Additionally the surface water
quality reported from three samples collected in Long Swamp in August and November 2025, and the
dissolved phase groundwater quality range (period 2024 to 2025) from upgradient (from Long Swamp)
Tamala Limestone groundwater bores G-005 and N-0195 are presented for reference in Table 2-11.
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It is noted that the screening assessment is considered to be conservative, as it is based on the quality of
feed water, prior to reverse osmosis treatment. Once operational, condensate from MVR Plants will be
blended with permeate. The MVR Plant treatment process involves concentrating the ions in a concentrate
stream and producing a low TDS water condensate stream with properties consistent with distilled water.
Assessment of data provided by equipment providers indicates that the condensate will have a lower TDS
than the permeate and condensate is expected to be of better quality than permeate. This will be
confirmed by testing condensate during the commissioning phase for the MVR Plants. MVR treatment is a
proven technology for the production of a low TDS condensate stream and is effective at concentrating
both inorganic and organic constituents in a small volume while producing a high-volume condensate
stream of water vapour that has very low ion concentrations.
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Table 2-11 Permeate Water Quality Compared to Screening Criteria
Permeate Long Swamp Swamp Tamala ADWG (2011) Version
ANZG (2018] EHS Support (2025 Exceeds at
Parameter Unit Quality — Water Quality Limestone Groundwater DoH (2014) ANZECC (2000) ’s’“”m" CcdtbunSou\dom)da least 1 4.0 updated June 2025)
Proxa (August 2025) Quality (G-005 and non-potable Short term aeion (Moderate Ecological e Potable Water Use
N-019S) groundwater use | irrigation water Frest Protection) et
Aluminium mg/L 0.15 0.03 <0.01 0.2 20 0.055 0.086 0.2007
:’"’"”" | mg 0.10° <0.004 - 0.04 <0.005 - 0.090 0.41 NC 0.74 12 0.41%
Ammonia mg/L 0.12# <0,005—0.05 <0.006 — 0.109 0.5 NC 0.9 1.45 0.5°
Arsenic mg/L 0.010 0.062 - 0.078 <0.001—0.0021 0.1 2 0.013 0.017 0.010
Boron mg/L 0.900 0,38 - 0,48 0.027-0.071 40 NC 0.940 5.1 4.00
Calcium mg/l_| 1.0/50.0@ 74-76 83-120 NC NC NC NC NC
Chloride me/L 17.5 2530 - 2570 75— 130 250 NC NC NC 250
Cyanide mg/L 0.0007* NA <0.004 — 0.0044 0.8 NC 0.007 0.004 0.08
Fluoride mg/L 0.5 0.2 <0.1-0.12 15 2.0 1.7 NC 1.50
Gallium mg/L 0.005 NA <0.001 NC NC NC 1.1 NC
Magnesium mg/L 0.1/5.0@ 139-141 9.9-12 NC NC NC NC NC
Molybdenum | mg/L 0.09 <0.001 <0.001 - 0.0014 05 0.05 0.034 6.20 0.050
Nickel mg/L 0.002 0.005 - 0.006 <0.001 0.2 2.0 0.011 0.20 0.020
Nitrate mg/L 2.0 <0.01 11-24 500 NC 29 1216 50
PFOA ug/L <0,01 0.0027 - 0.0030 <0,0002 - 0.01 10 NC 220 220 0.2
PFOS ue/L <0.01 0.0017 - 0.0023 <0.0002 - 0.00066 NC 0.48 0.13 0.008
PFHXS Wl | <001 ey <0.0002 - 0.0043 ? NC Ne Ne 003
Phosphate mg/L 0.02 0.022 - 0.027 0.01-0.02 NC NC NC NC NC
Potassium mg/L 1.2 53 - 54 2.8-11 NC NC NC NC NC
Selenium mg/L 0.010 <0.001 - <0.01 0.0012 - 0.0018 0.1 0.05 0.011 0.01 0,004
Sodium mg/L 150 1460 — 1480 3883 NC NC NC NC 180°*
Sulfate mg/L_| 20.0/50.0@ 415 33-95 1000 NC NC NC 250
Thorium mg/L 0,00007* NA <0.0005 NC NC NC NC NC
DS mg/L 600 4460 - 7040 360— 610 NC NC NC NC 600*
TKN mg/L 0.5" 2.6-2.8 <0.1-0.57 NC NC NC NC NC
Tin mg/L 0.002 NA <0.001 NC NC NC NC NC
Vanadium mg/L 0.010 0.0016 —<0.01 <0.001 NC 0.5 0.006 0.160 NC
Table Notes:

NA — Not Analysed; NC — No Criteria
PFHxS — Perfluorohexanesulfonic acld; PFOA — Perfluorooctanoic acid; PFOS — Perfluorooctanesulfonic acid

* Aesthetic criteria

¥ Calculated based on maximum concentration

@ Estimates of post milk of lime dosing ion concentrations have been included in table and are shown as secondary values (i.e. 1/10), This impacts on values for Calcium, Magnesium and Sulfate.
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2.6 Constituents to be Included in the Primary Water Quality Suite

Table 2-12 presents a summary of the constituents that exceeded the Background Tamala Limestone UPLs
and the Tier 1 screening criteria. It is noted that where a constituent exceeds the UPL but not the Tier 1
screening criterion (and vice versa), it will still be adopted in the primary water quality suite.

Table 2-13 presents the final primary water quality suite that will be adopted for the operational phase of
the project. It is noted that general parameters have also been included as they provide important data to
assess advective and dispersive geochemical mixing and attenuation processes and aquifer mineralisation
reactions. Attenuation is an important component of the adaptive management approach.

Table 2-12 Screening Assessment Summary

To be included in the primary S i Otherions to be included
water quality suite based on Fextanine Kkt i Mom meiecy in the primary water quality
water gquality suite based on
Background Tamala Tier 1 s i = suite to support

Limestone UPLs ne assessment outcomes

Parameter

Aluminium
Ammonia
Arsenic

Boron
Calcium
Chloride
Cyanide
Fluoride
Gallium
Magnesium
Molybdenum
Nickel
PFOA

PFOS
PFHXS
Phosphate
Potassium
Selenium
Sadium
Sulfate
Thorium
TDS

TKN

Tin
Vanadium

Table Notes:

PFHxS — Perfluorchexanesulfonic acld
PFOA — Perfluorooctanoic acid

PFOS — Perfluorooctanesulfonic acid
UPL — Upper Prediction Limit

Table 2-13 Constituents to be Included in the Primary Water Quality Suite

Suite Constituent
General Parameters pH, TDS, cations (Ca, K, Mg, Na) and anions (Cl, NOs,
S0a, fluoride and alkalinity)
Metals Al, As, B, Ga, Mo, Ni, Se, Sn, V
Other Hardness
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3 Monitoring and Management Plan

The overall goal of the MMP is to manage the downgradient flux and water quality of infiltrated water,
ensuring that there are not unacceptable risks to human health, ecological receptors, and the environment.
This MMP incorporates the knowledge gained from numerical groundwater modelling, investigations, and
monitoring conducted at the site, and utilises the combination of early warning sentinel monitoring bores,
delineation bores, and natural attenuation processes to provide a solution that is protective.

This MMP incorporates an adaptive management approach whereby monitoring data proximal to the
infiltration trenches, and monitoring data proximal to receptors is utilised to inform infiltration rates with
the fundamental goals of:

1. Maintaining downgradient groundwater quality and ensuring protection of human health and
ecological receptors.

2. Maximising the efficiency of the infiltration trenches to ensure maximum infiltration and minimise
mounding.

3. Ensuring that infiltration does not result in the exacerbation of groundwater conditions, including
facilitating additional lateral spreading of existing groundwater plumes.

4. Maintaining downgradient geochemical conditions that are conducive to attenuation.

The concept of adaptive management is increasingly being adopted in Australia as a structured, iterative
approach to environmental management. In the development of these adaptive management
approaches, references are commonly made to United States Environmental Protection Agency (USEPA)
guidance documents (USEPA, 2022; Interstate Technology Regulatory Council [ITRC], 2017; NRC, 2004;
Williams et al. 2009).

N N

Assess q{l’u'lu-dl.m Assess q {Modify] qth‘lpolglfy!l
n n

Pardocrmanca Plan Performance Pla

Optimize

t_ RIFS ‘ r RD/RA ‘ I O&M "
Tﬂéﬁ:n::l:;]ﬁs In\msrlgmu Buiid Inuesllgaln- Anzpeg Dpe rate

N NS N

e United States
S Environmental Protection
“ ApEnsy

Figure 3-1 Adaptive Management Process — Project Lifecycle

Note: RI/FS = Remedial Investigation/Feasibility Study; RD/RA = Remediation Design/Remedial Application; 0&M = Operations and Maintenance

In the context of this approach, monitoring bores upgradient of receptors and distinct areas of impacted
groundwater will be monitored to assess the effectiveness of the infiltration trenches relative to the
performance goals described above. A focus on management of flux will not lead to further degradation of
the aquifer due to the magnitude of advective and dispersive mixing of permeate in the groundwater
downgradient of the infiltration trenches.
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Numerical groundwater modelling has been used to assess the potential impacts of infiltrating 3.5 GL/year
across two infiltration trenches within the O&P area. Based on the design and size of these infiltration
trenches, the modelling shows no significant change to downgradient flux.

The effectiveness of the infiltration trenches in controlling the flux of constituents and supporting
downgradient advective and dispersive mixing will continue to be assessed by the targeted monitoring plan
described below. In this context, this MMP establishes trigger levels for determining success, or for
establishing further response measures where pre-determined risk levels are exceeded. Where considered
necessary on the basis of monitoring results, additional management response measures are taken, and
adjustments are made to the MMP to complete the feedback loop and allow for the ongoing effective
management of groundwater impacts. These response measures and adaptive management mechanisms
are discussed in Section 4.

3.1 Objectives

The primary purpose of the selected monitoring bores is to provide data to support optimisation of
infiltration in accordance with this plan’s goals and demonstrate that, in combination with downgradient
advective and dispersive mixing, flux and associated potential risks are being effectively managed. More
specifically, this includes monitoring designed to support achievement of the following objectives:

e Ensure that permeate and condensate water quality is suitable for infiltration.

e Ensure that groundwater levels are monitored enabling identification of mounding beneath the
infiltration trench, existing groundwater plumes, and Long Swamp to ensure downgradient receptors
are protected.

e Ensure that groundwater quality is monitored enabling identification of potential risks to environmental
values.

e To optimise performance and minimise downgradient flux,

e Assess the effectiveness of the MMP in protecting potential receptors, i.e., Long Swamp, Cockburn
Sound, existing third-party groundwater users.

e Assess the effectiveness of the MMP in mitigating third-party groundwater plume migration.

e Monitor the natural attenuation of constituents in groundwater and refine the understanding of
geochemical and biological (organic constituents only) attenuation processes.

e Assess water quality parameters and determine if water quality is changing over time in response
to changes in operations.

Each of these monitoring objectives and the associated program of works is described in the sections below.
The selection of monitoring bores was based on an evaluation of the groundwater flow system and
impacted groundwater dynamics.

3.2 Monitoring and Identification of Potential Risks to Environmental Receptors

Table 3-1 outlines each source/activity, the corresponding potential receptor, and the strategy for
monitoring. Further detail on the monitoring network design is discussed in Section 3.3. It should be noted
that the monitoring program will be reviewed after one year of operation and adjusted based on a risk
assessment framework. We anticipate that any changes to the monitoring program will be reviewed by the
CS Auditor.
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Table 3-1 Monitoring Strategies for Identified Potential Receptors

Source/Activity Potential Receptor/s Monitaring Strategy Purpose

Treated Water All receptors Treated Water Quality Overview — It is noted that the concentration of some constituents Ensure water quality meets licence

— Operational in the permeate water will be higher than background/baseline UPLs and/or the adopted conditions and is protective of

Phase Tier 1 screening criteria. The permeate water guality achieved will be based on the downgradient receptors.
practical limits of the water treatment plant. The MMP provides an adaptive management
framework with a comprehensive monitoring network to evaluate potential changes in
groundwater quality downgradient of the infiftration trenches.

Commissioning Phase Monitoring of Permeate and Condensate — sample the treated
water daily for a two-week period. Determine the flow weighted average
concentration. The analytical suite will be based on the framework as described in
Section 2.

Operational Phase Monitoring of Permeate - continuous monitoring of pH and EC of
the treated water at the Water Treatment Plant. If the water quality is within the
compliance criteria for pH and EC, then the minor ions will also meet compliance
criteria (i.e., EC <925 uSfem®). If the pH and/or EC concentrations are above these
criteria, the water treatment plant permeate will be directed to the ROWS pond,
Alcoa will still collect weekly samples of the water discharged to the infiltration
trenches, A 30-day flow weighted average concentration of ions will be determined
and accessed against the compliance criteria.

Long Swamp Freshwater ecosystems Sampling of the surface water at Long Swamp up to 3 discrete locations monthly overa = Allows for an assessment of complete
period of 6 months. This dataset will be used to develop a baseline understanding and migration pathways should monitoring
differentiate between surface water and groundwater types. Indicate a potential for groundwater

interaction and/or baseflow to Long
Swamp during infiltration activities.
Infiltration Tamala Limestone aquifer Pre Infiltration Program (baseline and natural variation understanding) Define the lateral and vertical fluxin
Trenches (Upperand Lower) Collection of 4-6 months of groundwater levels across the R1/R2 Sentinel Bores, R3 combination with infiltration data.
Third-party groundwater users Delineation Bores, proximal delineation bores and existing monitoring bores to Demonstrate the stability of the
(stock, agriculture and non-potable supply) | establish natural variation. This will be in the form of automated pressure transducer | groundwater and compliance with relevant
Third-party existing groundwater plumes dataloggers and manual gauging. beneficial use cr?terla and/or baseline. :
Long Swamp and Freshwater ecosystems | Collection of a minimum of four rounds of sampling across the R2 Sentinel Bores, R3 Allow for screening of groundwater quality
Cackbinm Sount antimaed Delineation Bores, proximal Delineation Bores and nominated existing monitoring data against relevant beneficial use criteria
ckburm Sounc.and marine SoDsprerTs bore network for a comprehensive analytical suite to establish baseline conditions. and/or baseline.
Refinery groundwater plume Operational Phase Demonstrate that geochemical conditions
3 ) support advective and dispersive mixing
Early Warning - R1 Sentinel Bores and attencuation:
High frequency hourly groundwater levels recorded using automated pressure Assess potential risks to downgradient
transducers, as an indicator of groundwater mounding. Pressure transducer data will :
) receptors and the environment.
be uploaded twice a day.
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Source/Activity Potential Receptor/s Monitoring Strategy Purpose

Manual gauging of groundwater levels monthly.
Early Warning — R2 Sentinel Bores

High frequency hourly groundwater levels recorded using automated pressure
transducers, as an indicator of groundwater mounding,

Manual gauging of groundwater levels monthly.

High frequency (monthly] monitoring using sodium, EC and pH as an indicator of
groundwater impacts,

Discrete sampling events of primary water quality parameter suite of the R2 Sentinel
Bores to evaluate impacts to receptors where sodium, EC and pH show a non-optimal
condition.

Early Warning — R3 Delineation Bores
Manual gauging of groundwater levels quarterly.

Discrete sampling events of primary water quality parameter suite (three-monthly) of
the R3 Delineation Bores to evaluate impacts to receptors.

Compliance - Receptor Delineation Bores
The following receptor delineation bares are defined (refer Section 3.3.1),
*»  Long Swamp Delineation Bores (LSD)

s Peron Quarry Delineation Bores (TPD). It is noted that there are three
existing monitoring bores owned by Peron Quarry that may be utilised
instead. This will be dependent on access agreements and suitability,

e  Southern Site Delineation Bores (N series bores)

* Northern Site Delineation Bores (G serles bores)

* Refinery Plume Delineation Bores (KW series and B20525/D only))
e  RSA ABC Plume Delineation Bores (B20575/D and 820625 only)

e  Other Unknown Contaminated Sites Delineation Bores (820525/D,
B20565/D, 820615/D)
Manual gauging of groundwater levels quarterly for the first 12 months of operation.
Discrete sampling events of primary water quality parameter suite (annually) in line
with MMP. In the Instance that a trigger |evel or a non-optimal condition Is also

observed in R2 Sentinel Bores and/or R3 Delineation Bores, sampling frequency to
increase based on the response actions (refer Section 4),

Table Notes
* A conversion factor of 0.65 has been applied to convert EC to TDS for water at Kwinana. The EC-TDS conversion factor is dependent on the ionic compaosition and purity of the water and is therefore not fixed. Water with
lower ionic strength or a different ion balance may warrant a lower conversion factor. For exampla:

e ~0.5is typically applied to deionised or very low-salinity water.

*  Waters with low sedium and calcium concentrations or mixed ionic compositions commonly fall within the 0.55-0.60 range.
A site-specific conversion factor can be determined from paired EC and laboratory TDS data collected during the commissioning phase and applied prior to the commencement of infiltration.
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3.3 FProposed Monitaring Program and Monitoring Network Design

The MMP has established a monitoring program focused on managing downgradient risks and mitigating
offsite fluxes to downgradient properties and receptors through an adaptive management approach. The
monitoring data within and proximal to areas of infiltration is utilised with the fundamental goals of:

1. Maintaining downgradient groundwater quality and ensuring protection of human health and
ecological receptors.

2. Ensuring that infiltration does not result in the detrimental impacts to ecological receptors and
water-dependent ecosystems such as Long Swamp.

3. Ensuring that the infiltration does not result in the exacerbation of groundwater conditions,
including impacting areas of known contamination.

4. Maintaining downgradient geochemical conditions that are conducive to advective and dispersive
geochemical mixing and attenuation.

Maonitoring Bore Locations and Purpose

The monitoring bore network has been developed based on the outcomes of the numerical groundwater
modelling, the identification of potential migration pathways, and the |ocation of receptors and areas of
interest. The monitoring network will comprise existing Alcoa-managed groundwater bores and new
monitoring bores to be installed specifically for the purposes of meeting the project objectives.

Table 3-2 summarises the type of new monitoring bores to be included in the monitoring network, the
purpose of each type of bore, and the indicative construction details. The final construction of each new
bore will be based on drilling observations, including water strike and lithological profile. Table 3-3 provides
a summary of the new monitoring bore IDs and location information, noting that these locations may be
moved should there be accessibility constraints. Table 3-4 provides a summary of the existing monitoring
bore IDs and location information that will also form part of the monitoring network.

The proposed monitoring bore network is shown on Figure 3-2. It should be noted that the bore condition
and aquifer screening, as well as its involvement in other monitoring objectives (i.e., GMMP), have also
been considered when selecting existing monitoring wells from Alcoa’s expansive bore network.

Table 3-2 New Monitoring Bore Type and Purpose
Monitoring Bore Type Purpose and Rationale Indicative Bore Construction
R1 Sentinel Bores Early Warning, hydraulics only 3 m screen, screened from 0.5 m above watertable

to 2.5 m below watertable.

R2 Sentinel Bores Early Warning, water quality Two bores at each location (nested).
indicator parameters (sodium, | hallow nest 3 m screen starting from 0.5 m above
EC, pH) water table.

Deep nest screened in basal 3 m of aquifer

It should be noted that both shallow and deep
screened monitoring bores have been selected at
each location to allow for an analysis of lateral and
vertical changes in hydraulics and chemistry.
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Monitoring Bore Type

Purpose and Rationale

Indicative Bore Construction

R3 Delineation Bores

(western boundary of

Early Warning
Assessment of water quality

Two bores at each location (nested).

Shallow nest 3 m screen starting from 0.5 m above

O&P area) (primary water quality water table.
para'metAtTr suitfe) ,:I))rior tdo Deep nest screened in basal 3 m of aquifer
eaving Mcta st bolndary It should be noted that both shallow and deep
screened monitoring bores have been selected at
each location to allow for an analysis of lateral and
vertical changes in hydraulics and chemistry.
Long Swamp Direct Receptor Site (hydraulics | Three new hores (LSD-A to C) and existing bore

Delineation Bores

and primary water quality
parameter suite)

N-0195/D.
3 m screen
Screened from 0.5 m above water table.

Screened intervals to be based on site specific
information including depth to groundwater and
lithological profile.

Refinery Plume
Delineation Bores

Direct Receptor Site (hydraulics
and primary water quality
parameter suite)

Existing bores KW0275/D, KW068I, B20525/D
No new bores proposed

Peron Quarry
Delineation Bores

Direct Receptor Site (hydraulics)

Three new bores (TPD-A to C).
3 m screen
Screened from 0.5 m above water table.

Screened intervals to be based on site specific
information including contaminant type, depth to
groundwater and lithological profile.

It is noted that there are three existing monitoring bores
owned by Peron Quarry that may be utilised instead. This
will be dependent on access agreements and suitability.

Southern Site
Delineation Bores

Direct Receptor Site (hydraulics
and primary water quality
parameter suite)

Existing bores N-0025/D, N-003S/D, N-004S/D
No new bores proposed

Northern Site
Delineation Bores

Direct Receptor Site (hydraulics
and primary water quality
parameter suite)

Existing bores G-010S/D

No new bores proposed

RSA ABC Plume
Delineation Bores

Direct Receptor Site (hydraulics
and primary water quality
parameter suite)

Existing bores B20575/D and B2062S
No new bores proposed

Other Unknown
Contaminated Sites
Delineation Bores

Direct Receptor Site (hydraulics
and primary water quality
parameter suite)

Existing bores B2052S/D, B2056S/D, B20615/D
No new bores proposed
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Table 3-3 Additional Monitoring Bores to be Installed to Supplement the Existing Monitoring Bore Network

E MGAS4 N MGA94 Nominal PVC Diameter
ki Rorew ) o (mm)
R1 Sentinel Bore 0-R1-001 387950.0869 6437310.303 50
R1 Sentinel Bore 0-R1-002 387929.0045 6437260.841 50
R1 Sentinel Bore 0-R1-003 387929.0045 6437208.135 | 50
R1 Sentinel Bore 0-R1-004 387929.8154 6437125.427 50
R1 Sentinel Bore 0-R1-005 387929.8154 6437072.721 50
R1 Sentinel Bore 0-R1-006 387929.8154 6437018.3%4 ' 50
R1 Sentinel Bore 0-R1-007 387928.1937 6436969.742 50
R1 Sentinel Bore 0-R1-008 387929.0045 6436918.658 50
R1 Sentinel Bore 0-R1-009 388034.4163 6436940.551 . 50
R1 Sentinel Bore 0-R1-010 388035.2272 6437046.774 50
R1 Sentinel Bore 0-R1-011 388035.2272 6437159.483 50
R1 Sentinel Bore 0-R1-012 388033.6055 6437291.653 50
R2 Sentinel Bore 0-R2-0015 387821.8003 6436918.591 . 50
R2 Sentinel Bore 0-R2-001D 387821.8003 6436918.591 50
R2 Sentinel Bore 0-R2-0025 387821.027 6436971.175 50
R2 Sentinel Bore 0-R2-002D 387821.027 6436971.175 50
R2 Sentinel Bore 0-R2-0035 387822.5736 6437020.666 . S0
R2 Sentinel Bore 0-R2-003D 387822.5736 6437020.666 ‘ 50
R2 Sentinel Bore 0-R2-0045 387823.3469 6437072.477 - 50
R2 Sentinel Bore 0-R2-004D 387823.3469 6437072.477 50
R2 Sentinel Bore 0-R2-0055 387822.5736 6437125.834 50
R2 Sentinel Bore 0-R2-005D 387822.5736 6437125.834 ' 50
R2 Sentinel Bore 0-R2-0065 387822.5736 6437211.67 - 50
R2 Sentinel Bore 0-R2-006D 387822.5736 6437211.67 50
R2 Sentinel Bore 0-R2-0075 387824.1202 6437261.161 50
R2 Sentinel Bore 0-R2-007D 387824.1202 6437261.161 50
R2 Sentinel Bore 0-R2-0085 387869.7484 6437379.606 . 50
R2 Sentinel Bore 0-R2-008D 387869.7484 6437379.606 | 50
R3 Delineation Bores 0-R3-0015 387460.8342 6436902.583 50
(western boundary O&P)
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Easting MGA94 Northing MGA94 Nominal PVC Diameter
Purpose Bore ID (m) (m) i)

R3 Delineation Bores 0-R3-001D 387460.8342 6436902.593 50
(western boundary O&P) ‘

R3 Delineation Bores 0-R3-0028 387457.0333 6437067.298 50
(western boundary O&P) ‘

R3 Delineation Bores 0-R3-002D 387457.0333 6437067.258 50
(western boundary O&P)

R3 Delineation Bores 0-R3-0035 387440.2904 6437233.164 50
(western boundary O&P)

R3 Delineation Bores 0-R3-003D 387440.2904 6437233.164 50
(western boundary O&P)

R3 Delineation Bores 0-R3-0045 387453.2324 6437396.71 50
(western boundary O&P) ‘

R3 Delineation Bores 0-R3-004D 387453.2324 6437396.71 50
{western boundary O&P)

R3 Delineation Bores 0-R3-0055 387454.4993 6437638.701 50
(western boundary O&P)

R3 Delineation Bores 0-R3-005D 387454.4993 6437638.701 50
(western boundary O&P)

Lang Swamp Delineation Bore LSD- A 387037.0586 6437195.161 50
Long Swamp Delineation Bore LSD-B 387112.4685 6437029.745 | 50
Long Swamp Delineation Bore LSD-C 387213.0152 6436922.712 | 50
Long Swamp Delineation Bore N-019D 387276.14 6436758.5 50
Long Swamp Delineation Bore N-019S 387276.46 6436760.6 50
Peran Quarry Delineation Bore TPD-A 387408.4323 6437883.03 . 50
Peron Quarry Delineation Bore TPD-B 387244.444 6437884.586 50
Peron Quarry Delineation Bore TPD-C 387080.4557 6437883.03 50

Table Notes:

mbtoc— metres below top of casing
(s) = shallow screened bore

{d) - deep screened bore
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Table 3-4 Existing Monitoring Bores to be Incorporated into the Monitoring Bore Network
Top of Steel Depth to
minal PVC De, o
Purpose Bore ID Eastln(gml\)ﬂGAQQ M':: A?:?:. ) R:fa::en:,ne Nol)lameter Top o.:ﬂ‘ Sc:'een Bmﬂd
Point (mm) {m btoc) (m btoc)
(m AHD)

Other Unknown Contaminated Sites Delineation Bores B2051D 385446.33 6436246.4 21.45 50 31 46.09

Other Unknown Contaminated Sites Delineation Bores 820515 385446.33 6436246.4 21.45 50 21.1 28

Other Unknown Contaminated Sites Delineation Bores 82056D 385445.18 6436491.1 18.65 50 | 31.2 42.2

Other Unknown Cantaminated Sites Delineation Bores B20565 385445.18 6436491.1 18.65 50 | 16.4 26.9

Other Unknown Contaminated Sites Delineation Bores 82061D 3854276 6436705.2 15.00 50 29.2 39.7

Other Unknown Contaminated Sites Delineation Bores B2061S 385425.28 6436705.3 15.18 50 14.5 27.2
Refinery Plume Delineation Bore B2052D 38544131 6437308.7 16.365 50 29.7 413
Refinery Plume Delineation Bore B20525 385441.31 6437309.7 16.365 50 15.6 25.6
Refinery Plume Delineation Bore KwO027D 385219.92 6438106.5 20.73 50 31.6 46.6
Refinery Plume Delineation Bore KW027s 385219.92 6438106.5 20.73 S0 | 19.6 29.5
Refinery Plume Delineation Bore KW068S 385493.2 643880.04 9.51 50 | 7.77 13.77
Refinery Plume Delineation Bore KWo68I 385491.97 6437878.2 9.45 50 17.57 23.57

RSA ABC Delineation Bare B2057D 385755.99 6435802.3 12.99 50 25.7 36.4

RSA ABC Delineation Bare B2057S 385755.99 6435802.3 12.99 50 11.6 213

RSA ABC Delineation Bore 82062D 386580.45 6435381.4 21.72 50 32.95 41.95

RSA ABC Delineation Bore B20625 386580 6435379.5 21.72 50 215 31
Upgradient Baseline D-059D 388889 6434776 34.73 50 42.84 54
Upgradient Baseline D-0595 388888 6434774 34.75 50 30.87 40
Upgradient Baseline F-153D 390395.18 6436452.6 27.57 50 38.6 46.1
Upgradient Baseline F-153S 390395.18 6436452.6 27.57 50 12 34
Upgradient Baseline F-158D 389555.05 6435585.8 45.565 S50 555 65.5
Upgradient Baseline F-158S 389564.33 6435603.1 45.82 50 37.5 53.5
Upgradient Baseline D-0510 388502 6435217 19.44 50 30 41
Upgradient Baseline D-051S 388504 6435217 19.43 50 17 28.2
Northern Site Boundary Delineation Bore G-010D 388039.3 6437891.1 24.95 50 36 46
Northern Site Boundary Delineation Bore G-010S 388038.56 6437894.4 24.94 50 23.4 335
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Top of Steel Depth to
P
Bore ID mﬂ"(gm“fm :g A;":?:' ) R:f':::Ioa mmn;inn:e:,c 'l'c:p)Q o':t:c::en Bz:':"of
Point (mm) {m btoc) (m btoc)
{m AHD)
Southern Site Delineation Bore N-002D 387701.06 6436432.9 15.751 50 27.776 36.776
Southern Site Delineation Bore N-002S 387699.12 6436433.2 15.843 50 15.251 24.551
Southern Site Delineation Bore N-003D 3874815 6436420.5 11.042 50 20.825 29.725
Southern Site Delineation Bore N-003s 3874815 6436420.5 11.77 50 10.2 18.6
Southern Site Delineation Bore N-004D 387491.77 6436365 13.742 50 24.795 35.085
Southern Site Delineation Bore N-004S 387491.77 6436365 13.77 50 13.232 22332

Table Notes:

mbtoc - metres below top of casing
5 - shallow screened bore

D —deep screened bore
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3.4 Rationale for Monitoring Parameters, Frequency, and Methods

As noted above, the monitoring program has been designed to:

e Assess the effectiveness of the infiltration trenches in controlling the flux of constituents.

e Support our understanding of downgradient advective and dispersive mixing and attenuation reactions.

e Assess the effectiveness of preventing existing third-party plumes from spreading laterally and/or
vertically.

e Assess migration pathways and potential impacts to third-party groundwater users and Long
Swamp via groundwater discharge.

e Evaluate potential mobilising of existing groundwater plumes beneath the Refinery and discharge
to Cockburn Sound. As noted in Section 4, this will also be supported by sampling the foreshore
pore water and marine environment if required.

The monitoring strategy for the protection of receptors and assessment of potential risks associated with
infiltration is presented in Table 3-1. The monitoring and sampling program includes manual gauging,
high-frequency recording of groundwater levels and EC using pressure transducers, sampling select sentinel
monitoring bores for indicator parameters and sampling the entire monitoring network for the primary
water quality parameter suite to support assessment and decision-making activities. A summary of this
program is presented in the sections below.

3.4.1 Rationale for Groundwater Level Recording

High-frequency groundwater levels will be recorded using telemetered automated pressure transducers at
selected R1 Sentinel Bores, R2 Sentinel Bores, and R3 Delineation Bores as an indicator or early warning of
non-optimal groundwater mounding. Manual gauging of groundwater levels will be undertaken monthly at
select R1 Sentinel Bores and R2 Sentinel Bores, and quarterly at R3 Delineation Bores and other Delineation
Bores proximal to receptors and areas of interest (i.e., third-party groundwater plumes). Increased
frequency of manual gauging may be employed where a non-optimal condition is observed.

3.4.2 Rationale for Analytical Suite

A laboratory testing program has been developed to provide quantitative data to:

e Ensure that the permeate is of suitable quality for infiltration.

e Develop a baseline understanding of groundwater conditions in the Tamala Limestone, which can
then be used to complement the background Tamala Limestone UPL trigger levels, to identify a
non-optimal condition or a change in conditions that could result in a potential risk to receptors.

o Develop a baseline understanding of surface water conditions in Long Swamp to assist with
validating groundwater discharge mechanisms.

e Provide early warnings of potential risks downgradient of the infiltration trenches.

e Evaluate the potential risks to receptors and the environment.

e Evaluate whether infiltration will cause the migration of existing third-party groundwater plumes.

The constituents of relevance for laboratory analysis during the activity of infiltration are based on the
framework presented in Section 4. Rationales for the proposed analytical suites are provided in Table 3-5.
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Table 3-5

Proposed Analytical Suites

Purpose of Analysis

Analytes

Comment/Purpose

Commissioning Phase

Permeate and
Condensate

» Comprehensive Commissioning Phase Analytical Suite

General parameters: pH, TDS, EC, TSS, hardness
Radionuclides: Gross alpha and gross beta
Cations: Ca, Mg, Na, K

Anions: Cl, SOg, alkalinity, (total, carbonate and
bicarbonate)

Major elements/metals: Al, Fe, Mn, Si, Ti, Cyanide,
Fluoride

Trace elements/metals: Ag, As, Ba, Be, Bi, Cd, Ce,
Co, Cr, Cs, Cu, Dy, Er, Eu, Ga, Gd, Ge, Hf, Hg, Ho, In,
La, Li, Lu, Mo, Nb, Nd, Ni, Pr, Pb, Rb, Re, Sb, ¢, Se,
Sm, Sn, Sr, Ta, Th, Te, Th, Ti, Tm, U, V, W, Y, ¥b, 7n,
Ir

Nutrients: Ammonia, Total Nitrogen, Nitrite,
Nitrate, TKN, Total Phosphorus, Phosphate

Sulfur species: Sulfur, Carbon disulfide, Sulphate,
Sulphide, Sulphite, Thiosulphate

Carbon species: Total Carbon, Total Inorganic
Carbon, Total Organic Carbon

PFAS: Standard 28 analytes

Pesticides: Organophosphorus pesticides,
arganochlorine pesticides, phenols, and
nitrophenols

Infiltration suite: Methane, NDMA, Boron, Iron
(Fe2+ and Fe3+)

Prior to infiltration, Alcoa will undertake a
two-week trial to demonstrate that the
water quality specification is being
achieved. No water will be infiltrated
during this period.

Baseline evaluation of
groundwater conditions
prior to the
commencement of
infiltration

Comprehensive Baseline Analytical Suite®

pH, EC, TDS, hardness

Anions: Cl, SOy, fluoride, alkalinity, (total,
carbonate and bicarbonate)

Cations: Ca, Mg, Na, K

Nutrients (ammonia, phosphate, phosphorus;,
nitrate, nitrite, ammeonia, total N).

Metals Screen (Ag, Al, As, B, Ba, Be, Cd, Cr, Co, Cu,
Fe, Ga, Li, Ph, Mn, Hg, Mo, Ni, Sb, Se, Sn, Sr, Th, Tj,
U, V,Zn).

Other: silica, cyanide, ferrous iron

PFAS; Standard 12 analytes

Analytical results will allow for statistical
analysis and the derivation of appropriate
baseline statistics to compliment the
Tamala Limestone background UPLs that
have been adopted as trigger criteria.

Baseline evaluation of
surface water
conditions in Long
Swamp prior to the
commencement of
infiltration

Comprehensive Baseline Analytical Sujte*

pH, EC, TDS, hardness

Anions: Cl, SOq, fluoride, alkalinity, (total,
carbonate and bicarbonate)

Cations: Ca, Mg, Na, K

Nutrients (ammania, phosphate, phosphorus,
nitrate, nitrite, ammonia, total N}.

Metals Screen {Ag, Al, As, B, Ba, Be, Cd, Cr, Co, Cu,
Fe, Ga, Li, Pb, Mn, Hg, Mo, Ni, Sh, Se, Sn, Sr, Th, Ti,
U, V,Zn).

Other: silica, cyamide, ferrous iron

PFAS: Standard 12 analytes

Analytical results will allow for statistical
analysis and the derivation of appropriate
baseline statistics to be used to assist with
validating groundwater discharge
mechanisms,
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Purpose of Analysis Analytes Comment/Purpose

Operational Phase Primary Water Quality Suite® This laboratory suite provides an
assessment of key analytes based on the

Infiltration ®  Genersl parameters: pH, TDS, cations (Ca, K, Mg, 3 2
framework presented in Section 2.6.

Na) and anions (Cl, NOs, SOs, fluoride and
alkalinity).

¢ Metals: Al, As, B, Ga, Mo, Ni, Se, Sn, V

e Other: hardness As noted ahove weekly samples of the
permeate as it is discharged to the
infiltration trenches will be coilected. A 30-
day flow weighted average concentration
of the primary water quality suite will be
determined and assessed against the
compliance criteria.

The suite is robust with respect to chemical
substances likely to be associated with the
activity,

Early Warning ® Sodium, EC and pH Analytical results will indicate whether

(R2 Sentinel Bores) there is a potential for impacts Lo occur
downgradient of the infiltration trenches.
There is a notable difference between the
sodium and EC of the permeate when
compared with baseline Tamala Limestone
groundwater guality.

The results provide an opportunity to
mitigate potential impacts.

Discrete sampling events of the primary
water quality parameter suite will be
undertaken to evaluate impacts to
receptors where sodium and EC show a
non-optimal condition

Risk Assessment and Primary Water Quality Suite* The primary water quality parameter suite

Geochemical Mixing e  General parameters: pH, TDS, cations (Ca, K, Mg, provides an assessment of key analytes and

Asses t y P t luat tential i ts t
st Na) and anions {(Cl, NOs, SO4, fluoride and D P P Ly 22
(R2 Sentinel Bores, R3 alkalinity) downgradient receptors,

Delineation Bores, The suite is robust with respect to chemical
other Delineation Bores | ®  Metals: Al, As, B, Ga, Mo, Ni, Se, Sn, V substances likely to be associated with the
proximal to receplors e Other: hardness activity,

and areas of interest}

Table Notes:
* Field parameters to be collected prior to sampling and indude EC, pH, temperature

For adaptive management to be effective, a combination of real-time and analytical data needs to be
utilised. Real-time/field data (such as telemetered pressure transducers) provides the advantage of there
being no delays in receipt of the data and, as a result, modifications to the infiltration operations can be
conducted in real time. Analytical data can take up to 14 days to be received and reviewed (due to Quality
Assurance/Quality Control [QA/QC] checks on the data set) but provides direct comparison to trigger levels.

?

3.4.3 Rationale f"/ ‘)u.‘/!*[h’h’;"i Fr eqQuency

Table 3-6 presents a summary of the proposed sampling frequency for specific analytical suites across the
different types of monitoring bores. The monitoring frequencies chosen are suitable to identify changes in
groundwater conditions that may impact downgradient receptors and are informed by the calculated
groundwater seepage velocities between the infiltration location and the monitoring bores.

EHS Suppaort Pty Lid 42



Monitoring and Management Plan — Kwinana, Westem Australia

Monitering and Management Plan
B B

Table 3-6 Sampling Frequency Summary
Purpose of Analysis Analytical Suite Sampling Frequency
Commissioning Phase Comprehensive Prior to infiltration, Alcoa will undertake a two-week trial

Permeate and Condensate

Commissioning Phase
Analytical Suite

to demonstrate the plant is operating as designed and the
treated water meets the compliance criteria. The treated
water will be continuously monitared for EC and pH, and
samples will be taken at @ minimum of once a day for a
periad of two weeks and analysed by a NATA-accredited
laboratory.

Commissioning Phase

Baseline Assessment:
Groundwater and Surface Water

Comprehensive Baseline
Analytical Suvite

Sampling of the surface water at Long Swamp atup to 3
discrete locations monthly over a period of 6 months,

Collection of a minimum of four rounds of sampling across
the R2 Sentinel Bores, R3 Delineation Bores, proximal
Delineation Bores, and nominated existing monitoring
bore network for a comprehensive analytical suite to
establish baseline conditions.

Collection of 4-6 months of groundwater levels across the
R1/R2 sentinel bores, Delineation bares, and existing
monitoring bores to establish natural variation.

Operational Phase

Infiltration

pH and EC
Primary Water Quality Suite

Continuous monitoring of pH and EC of the treated water
at the Water Treatment Plant will be undertaken,

Weekly samples of the permeate as it is discharged to the
infiltration trenches will be collected. A 30-day flow
weighted average concentration of the primary water
quality suite will be determined and assessed against the
compliance criteria. The monthly flow weighted averages
will be calculated using the individual weekly sample
results (a minimum of 4 in a month). The concentration of
each sampling event will then be multiplied by the
increment of flow for the sampling period (sum of the flow
from the preceding sampling event to this sampling event
divided by the total flow for the monthly period) and these
increments with be summed together to provide the flow
weighted value.

Operating Phase
R2 Sentinel Bores

Sodium, EC and pH

Monthly sampling of selected R2 Sentinel Bores for
sodium, EC and pH only. It is noted that pressure
transducers with EC logging capabilities will also be
installed at selected R2 Sentinel Bores. These bores will
not be sampled.

Operating Phase
R3 Delineation Bores

Other Delineation Bores proximal
to receptors or areas of interest

Primary Water Quality Suite

Three-maonthly sampling of R3 Delineation Bores

Annual sampling of other Delineation Bores, In the
instance that a trigger level or a non-optimal condition is
observed in R2 Sentinel Bores and/or R3 Delineation
Bores, sampling frequency may he increased at the Other
Delineation Bores.

Operating Phase
Refinery groundwater monitoring

bores, foreshore porewater and
marine environment

Primary Water Quality Suite

Sampling to be undertaken as required when non-optimal
conditions are observed at Refinery Delineation Bores and
there are indications of deleterious changesin
groundwater conditions downgradient.

Table Notes:
EC — electrical conductivity

NATA — National Association of Testing Authorities

Table 3-7 presents the proposed groundwater level monitoring requirements across the monitoring
network, and Table 3-8 presents the proposed water quality sampling requirements across the monitoring

network.
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Table 3-7 Groundwater Monitoring Program — Groundwater Levels
Manual
Néw o Manfnl gl Pressure Transducers
Purpose Bore ID Existing :ﬂnum Every thiea 1 hour frequency
onthly  ithe of recording
R1 Sentinel Bore 0-R1-001 New : v
R1 Sentinel Bore 0O-R1-002 New v - -
R1 Sentinel Bore 0-R1-003 New - - v
R1 Sentinel Bore 0-R1-004 New - - v
R1 Sentinel Bore 0-R1-005 New v - -
R1 Sentinel Bore 0-R1-D06 New - - ¥
R1 Sentinel Bore 0-R1-007 New v - -
R1 Sentinel Bore 0-R1-008 New - - v
R1 Sentinel Bore 0-R1-009 New - v
R1 Sentinel Bore 0-R1-010 New v - -
R1 Sentinel Bore 0-R1-011 New - - v
R1 Sentinel Bore 0-R1-012 New v - -
R2 Sentinel Bore 0-R2-D01S New v - -
R2 Sentinel Bore 0-R2-001D New v =
R2 Sentinel Bore 0-R2-002S New - - vit
R2 Sentinel Bore 0-R2-002D New v - -
R2 Sentinel Bore 0-R2-003S New v - =
R2 Sentinel Bore 0-R2-003D New 4 = =
R2 Sentinel Bore 0-R2-004S New - - Vi
R2 Sentinel Bore 0-R2-004D New v - -
R2 Sentinel Bore 0-R2-005S New v -
R2 Sentinel Bore 0-R2-005D New v - -
R2 Sentinel Bore 0-R2-006S New - - i
R2 Sentinel Bore 0-R2-006D New v - -
R2 Sentinel Bore 0-R2-007S New - - i
R2 Sentinel Bore 0-R2-007D New - vi
R2 Sentinel Bore 0-R2-008S New v -
R2 Sentinel Bore 0-R2-008D New v - -
R2 Sentinel Bore 0-R2-0095 New v - -
R2 Sentinel Bore 0-R2-009D New v - -
?vi::::: :23:::(5)&9) OREORTS iowy ) 4 )
oo iy OB OR300 | Now - < -
B |owous | e | - | - :
(western boundary 06 GESAGE | Jkme - “ ;
s omass | wew | [ -
ot b i e M : i :
o | owws | e | - | ‘
ey oo | wew | - | < -
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Nw or Manual ::::: Pressure Transducers
Purpose Bore ID Existing :naug!ng Every thce 1 hour frequency
onthly motihe of recording
Rie?:::‘: Zﬁﬁﬂdﬁm&m RRESES: || e i d ?
(esamon esitecy O caEel | N : “ :
Long Swamp Delineation Bore LSD- A New v -
Long Swamp Delineation Bore LSD-B New - - v
Long Swamp Delineation Bore LSD-C New - v -
Long Swamp Delineation Bore N-019D Existing - v -
Long Swamp Delineation Bore N-D19S Existing - v v
Peron Quarry Delineation Bore TPD-A New - v -
Peron Quarry Delineation Bore TPD-B New = v =
Peron Quarry Delineation Bore TPD-C New - v -
[O)e[?i?,:; :J(ril::c;\::\eComa minated Sites B2051D Existing ) ”, )
ge":if\:a ;Jtlimz:oBv;:\eConta minated Sites BAOSTS Existing 5 v .
g::;; :Ili\;:(;::\emmammated Sites B20SES Existing ) v =
get',‘:,; ;JE::;:?eConlaminated Sites B2056D Existing i v }
getfllit;: ;Jtri\zrr:m:\eContamlnated Sites 82061D Existing i v }
g:[‘ii:_» :Jtli\: :(;\:?eConla minated Sites B20C15 Existing i v )
Refinery Plume Delineation Bore B2052D Existing v -
Refinery Plume Delineation Bore B2052S Existing - v -
Refinery Plume Delineation Bore KwWo027D Existing - v -
Refinery Plume Delineation Bore KWO0275 Existing - v -
Refinery Plume Delineation Bore KWO068S Existing v -
Refinery Plume Delineation Bore KWO068I Existing v -
RSA ABC Plume Delineation Bore B2057D Existing v -
RSA ABC Plume Delineation Bore B2057S Existing - v -
RSA ABC Plume Delineation Bore B2062D Existing - v -
RSA ABC Plume Delineation Bore B2062S Existing = v -
Upgradient Baseline D-059D Existing - v -
Upgradient Baseline D-059S Existing v -
Upgradient Baseline F-153D Existing - v -
Upgradient Baseline F-153S Existing v -
Upgradient Baseline F-159D Existing v -
Upgradient Baseline F-1595 Existing 2 v =
Upgradient Baseline D-051D Existing - v =
Upgradient Baseline D-D51S Existing - v -
Northern Site Delineation Bore G-010D Existing v =
Northern Site Delineation Bore G-010S Existing S v =
Southern Site Delineation Bore N-002D Existing - v -
Southern Site Delineation Bore N-002S Existing - v -
Southern Site Delineation Bore N-003D Existing - v -
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Nw or Manual M::i“l Pressure Transducers
Purpose Bore ID gauging i 1 hour frequency
8 Monthl Every three of recordi
v months 2o
Southern Site Delineation Bore N-003S Existing v -
Southern Site Delineation Bore N-004D Existing - v -
Southern Site Delineation Bore N-003S Existing - v -

Table Notes:

* Pressure transducer to be installed assuming site access granted and will be a replacement for N-0195

# Pressure transducers with EC logging
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Table 3-8 Groundwater Monitoring Program — Water Quality
Sodium, EC Primary Water | Primary Water
New or and pH Quality Suite Quality Suite
PaG Bore D Existing Monthly Three monthly Annual
sampling sampling Sampling
R1 Sentinel Bore 0-R1-001 New - - -
R1 Sentinel Bore 0-R1-002 New - - -
R1 Sentinel Bore 0-R1-003 New - - -
R1 Sentinel Bore 0O-R1-004 New - - -
R1 Sentinel Bore 0-R1-005 New - - -
R1 Sentinel Bore 0O-R1-006 New - -
R1 Sentinel Bore 0O-R1-007 New - - -
R1 Sentinel Bore 0-R1-008 New - - -
R1 Sentinel Bore 0-R1-009 New - - -
R1 Sentinel Bore 0-R1-010 New - -
R1 Sentinel Bore 0-R1-011 New - = =
R1 Sentinel Bore 0-R1-012 New - - -
R2 Sentinel Bore 0-R2-001S New v - -
R2 Sentinel Bore 0-R2-001D New v = =
R2 Sentinel Bore 0O-R2-0025 New v - -
R2 Sentinel Bore 0-R2-002D New v - -
R2 Sentinel Bore 0-R2-003S New v - -
R2 Sentinel Bore O-R2-003D New v -
R2 Sentinel Bore 0-R2-004S New v -
R2 Sentinel Bore 0-R2-004D New 4 - -
R2 Sentinel Bore 0-R2-0058 New v - -
R2 Sentinel Bore O-R2-005D New v - -
R2 Sentinel Bore 0-R2-0065 New v - -
R2 Sentinel Bore 0-R2-006D New v -
R2 Sentinel Bore 0-R2-007S New v -
R2 Sentinel Bore 0-R2-007D New 4 - -
R2 Sentinel Bore 0-R2-008S New v - -
R2 Sentinel Bore 0O-R2-008D New v - -
R2 Sentinel Bore 0-R2-0095 New v - =
R2 Sentinel Bore 0O-R2-0029D New v - -
R3 Delineation Bores
v =
(western boundary O&P) gl e How
R3 Delineation Bores
= v =
(western baundary O&P) St e
R3 Delineation Bores
= v =
(western boundary O&P) O-FS-0055 s
R3 Delineation Bores
— v =
(western boundary O&P) 930020 Mew
R3 Delineation Bores
- v -
(western boundary O&P) 030053 Hew
R2 Delineation Bores
- v -
(western boundary O&P) O-R3-0030 Hew
R2 Delineation Bores
= = v =
(western boundary O&F) ©-83-0045 New
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Sodium, EC Primary Water | Primary Water
Purpose = e [iateler ) Bnsstdsra Sy onis
sampling sampling Sampling

(st boundary OB} GROG | few - d -

::3 if::::'z:dz‘:;eé&m 0-R3-0055 New - v -

sttty OAT) ORIO0SE | New - g '

Long Swamp Delineation Bore LSD- A New - - v
Long Swamp Delineation Bore LSD-B New - - v
Long Swamp Delineation Bore LSD-C New = = v
Long Swamp Delineation Bore N-019D Existing - - v
Long Swamp Delineation Bore N-019S Existing - - v
Peron Quarry Delineation Bore TPD-A New - - v
Peron Quarry Delineation Bore TPD-B New - - v
Peron Quarry Delineation Bore TPD-C New - - v
geﬂ;i'e‘; :;::::;:\:onta minated Sites 820510 EsRaNiE y . v
getl:izre :Jtli\::c;v::\:onta minated Sites B2051S Existing . . v
getllii:: :Jtri\:’r:oBv;\eContamlnated Sites B2056D Existing ) v
g‘t:;re :Jtli\:::::\eContammated Sites 20565 Existing B i v
geﬂ;;; :Jt?::g:\:omaminated Sites 820610 Existing . . v
getlllizre ;Jtril;:c;v;teConta minated Sites B2061S Eidsting . i v
Refinery Plume Delineation Bore B2052D Existing - - v
Refinery Plume Delineation Bore B2052S Existing - - v
Refinery Plume Delineation Bore KWO027D Existing = = v
Refinery Plume Delineation Bore KW027S Existing - - v
Refinery Plume Delineation Bore KWO068S Existing = - v
Refinery Plume Delineation Bore KWO06SI Existing = = v
RSA ABC Plume Delineation Bore B2057D Existing = - v
RSA ABC Plume Delineation Bore B2057S Existing - - v
RSA ABC Plume Delineation Bore B2062D Existing - - v
RSA ABC Plume Delineation Bore B2062S Existing = = v
Upgradient Baseline D-059D Existing - - v
Upgradient Baseline D-0598 Existing y - v
Upgradient Baseline F-153D Existing - - v
Upgradient Baseline F-153§ Existing - - v
Upgradient Baseline F-159D Existing - - v
Upgradient Baseline F-1595 Existing - - v
Upgradient Baseline D-051D Existing - - v
Upgradient Baseline D-051S Existing - - v
Northern Site Delineation Bore G-010D Existing - - v
Northern Site Delineation Bore G-0108 Existing - - v
Southern Site Delineation Bore N-002D Existing - - v
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Sodium, EC Primary Water | Primary Water
New or and pH Quality Suite Quality Suite
: oot Existing Monthly Three monthly Annual
sampling sampling Sampling
Southern Site Delineation Bore N-002S Existing - - v
Southern Site Delineation Bore N-003D Existing = - v
Southern Site Delineation Bore N-003S Existing - - v
Southern Site Delineation Bore N-004D Existing = - v
Southern Site Delineation Bore N-004S Existing - - v

Table Notes:

Primary Water Quality Parameter Analytical Suite — pH, TDS, cations and anions, Al, As, B, Ga, Mo, Ni, Se, Sn, V, nitrate, fluoride, hardness

EC — electrical conductivity
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4 Adaptive Management Decision-Making Framework

On the basis of the objectives described above, the following decision-making framework and trigger levels
(operating indicators and compliance trigger levels) have been developed to guide the optimisation of the
infiltration activities and the management of impacts on the receiving environment. Consistent with these
objectives, the decision-making framework provides a systematic assessment (step wise assessment
framework) whereby efforts are made to optimise infiltration activities while ensuring no further
degradation of downgradient groundwater quality and protection of existing beneficial uses.

The steps in the decision-making process are as follows, these include both operational indicators and
compliance defined triggers as discussed in Section 4.1:

Optimisation and Efficiency

e Step 1: Optimise the performance of the infiltration trenches to maximise vertical flux and mixing,
control downgradient flux in shallow portions of the aquifer, and ensure downgradient receptors
are protected.

e Step 2: Ensure that infiltration is efficient and not causing large-scale vertical or lateral migration of
existing groundwater plumes.

Protectiveness and Plume Stability

e Step 3: Ensure attenuation is occurring between R1/R2 Sentinel Bores and Receptor / Delineation Bores.

e Step 4: Ensure that groundwater quality in R3 Delineation Bores is consistent with baseline,
consistent with permeate quality, or below adopted receptor Tier 1 screening criteria.

e Step 5: Ensure that groundwater quality in the receptor defined Delineation Bores (including R3
delineation bores) are protective of relevant receptor Tier 1 screening criteria or baseline.

e Step 6: Ensure that groundwater quality at existing third-party groundwater bores is consistent
with baseline groundwater and/or applicable receptor Tier 1 screening criteria.

e Step 7: Ensure the groundwater plumes are stable and not mobilised.

e Step 8: Ensure surface water conditions are not adversely impacted (i.e., Long Swamp).
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4.1 Trigger Levels

Trigger levels are designed to provide a method to identify either a non-optimal condition or a change in
conditions that could result in a potential risk to receptors, and then to initiate a suitable response plan.

The Operational Indicators (Table 4-1) are designed to:

e Balance infiltration efficiency with visual amenity and reducing the risk of overflow and the creation
of a water-dependent ecosystem (i.e., permanent pool of water).

e Evaluate mounding in the vicinity of the infiltration trench that relates to efficiency of infiltration
and applicability of infiltration rate.

e Understanding mixing and geochemical reactions in the aquifer, in particular flux in the shallow or
deep aquifer to validate the Hydrogeological Conceptual Site Model (HCSM).

e And provide an early warning for potential non-optimal or adverse conditions that may occur
downgradient of the infiltration area (i.e., potential impacts to receptors).

Operational indicators are aspirational and do not have exact quantified trigger values with the exception
of the stage height within the Infiltration Trench.

Compliance Triggers (Table 4-2) are defined to:

e Ensure trenches do not overflow.

Inform if infiltrating water is potentially mobilising existing third-party groundwater plumes.
Inform if groundwater quality due to infiltration is potentially impacting downgradient receptors.
Inform what geochemical reactions may be occurring in the aquifer (i.e., such as dissolution).

The MMP establishes a means for managing potential groundwater risks and provides a mechanism
whereby additional management measures or remedial actions can be implemented, in the event that
site-specific trigger levels are exceeded. This recognises the fact that management of infiltration is adaptive
and dynamic.

Table 4-1 (Operational Indicators) and Table 4-2 (Compliance Triggers) below outline the operational
indicators and compliance trigger levels to be adopted for the infiltration activity. These tables also present
a systematic framework where proposed actions are implemented to address Operational Indicator early
warnings and Compliance trigger level exceedances. The proposed actions will involve a thorough review of
the data and a hydrogeological assessment of the potential causes for the exceedance of the trigger, so
that recommendations for monitoring and management can be made on a case-by-case basis. Responses
may be simple, such as moving or spreading the infiltration area inside the galleries, diverting off-spec
water to the ROWS pond or addressing defects in water treatment systems. There may an increased
frequency in sampling to further evaluate the reason for the trigger exceedance or confirm that the issue
has been resolved after the implementation of other management actions. In some instances, responses
may include the addition of monitoring bores for assessment (for example, the inclusion of monitoring
bores on the periphery of existing groundwater plumes that may have expanded, or extra marine and
foreshore sample locations where the Cockburn Sound criteria have been exceeded in Refinery Delineation
Bores).

Infiltrated water and groundwater will be tested for the Primary Water Quality Suite (See Sectio 2 for detail
on how this was developed). Some analytes in the Primary Water Quality Suite have been included for
general information and, although included in the testing regime, do not have triggers attached. For clarity,
the primary water quality suite is reproduced in Table 4-3 with trigger values for infiltrated water and
groundwater. Note that the Tier 1 criteria used for groundwater quality triggers vary depending on the
receptor being protected. The relevant criteria are specified in the trigger definition for each set of
monitoring bores.
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In accordance with US EPA Guidance, a resampling regime has been implemented for water quality results.
This reduces the risk of actions being taken in response to false positives, whereby resampling will either
confirm the exceedance or disclude it.
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Weekly testing Ind'cates hardness
does not meet the criteria to

data and geochemical models to define Bmits below
calcite precipitabon levals.

Adjust dosing rate at minerzlisation plant
Retest to confirm hardness is within specified range

Table 4-1 Operational Indicators — Early Warning
Location Indicatoe Source I Actions Purpose
« Post-mineralkation pH and EC « Saturation leve! to be calculated from Commisskoning o : « Prevant precipitation of calclum and dogging of
Indicates calcium saturation Phase testing resuits b dosing rate stminsraleation plank and/or adpstpH aquifer
« Hartness eritesis [or range) to be calcutated from
Infiltrated Water 3 Commissioning Phasa testing results using cation/anion

« Pravent dissolution of Tamala Limestone

Infiltration Trench

prevens Hupkiuon o Aminimum of 60 mg/L CaCO3eq will be assumed until
Commissioning Phase testing outcormes.
] | caco:
« Calcification evident in trerch « Periodic Inspections. Key control is avolding superjover = Reduce dosing rate at mineralisation plantin § mg/l Zeq Increments « Avoid calification in the inflltration trench

saturation with calcium in the mineralisation olant

Manually break up calcliled areas Inside trench

Water Is not contained within
Infiltrabion gallery

Manual wisual inspections or use of cameras.

Spread infiltration over a wider area or mowve to a different section of gallery.

| ® Toensure infiltration trenches do not avertop.

R1 Sentinel Bores with
Pressure Transducers
{0-R1-001, D-R1-003, O-
R1-004, D-R1-006, O-R1-
008, 081003, ORL-
o11)

30-day average groundwater lavel
within 0,2m of surface in at least
ona menitoring bore

Nurmerical groundwates r model outputs (EHS Supgort,
2025a, Appendix C}.
Grourdwater levels

Manual gauging to validate transducer data,
Reviaw climatic and regional water |evel data to determine If the mounding is within the naturs|
variability of groundwater level fluctuation.

mounding (# presant) is within predicted bounds,

If required after the daia review, within 30 days define appropriate responss measures such as
spreading Infiltration water further across the trench langth and/or reduce infiftration rates and/or
bypass to ROWS Pond and/or modifications to lime dosing (f clogging s an Issue)

| = E rning 1o nt mounding abo:
Foon nidraudic dike Trown 2 Seindinl Baires and i DA Boréi dnd onlin thprouithisner. | © T waring fo privent mesnding atioye

predicted levels at receptors.
« Measure infiltration efficiency over time

R2 Sentinel Bores with
Bressure Tranaducers
{D-R2-0025, O-R2-004S,
0-A2-0065, O-R2-007S,
0-2507D)

30-day average groundwater level
within 0.5m of surface in at least
ome menitoring bore witha
pressure transducer.

Numerical groundwater model (EHS Support. 2025a).
Grounrdwater levels

Manual gauging of all R2 Sentinel Bores 10 validate pressure transducer data and provide a spatial
understanding of groundwater levels

Reuisw climatlc and regianal water lsvel data to detarmire If the mounding is within the natursl
varabiity of g d |eval flL th

* Review hydraulic data from 83 Delineation Bores and confirm # groundwater mounding |if present)

|5 within predicted bounds.

|f required after the data review, within 20 days define appropriate response measures such as
spreading infiltration water further across the trench length and/or reduce infiftration rates and/or
modifications to the infiltration trench depth and configuration

= Early warning to prevent mounding above
predicted levels at receptors.

| = Measure infiltration efficiency over time

R2 Sentinel Bores with

Pi Transducers .G son of EC changes In

{0-R2-00Z5, O-R2-004S, shallow and deep screened

O-A2-0065, 0-R2-0075, monitoring bores. No set action.

0-R2-007D]

R2 Sentinel Bores

0-R2-0015, O-R2-001D,

gﬁjg::‘ g::::g:g * Comparison of changes in Na:EC

? ratio in shallow and deep screened

0-R2-0045, O-R2-004D, P 3
monitoring bores No st action

0-R2:0055, O-R2-0050, lovel specified

0-R20065, O-R2-006D,

0-A42-00783, O-R2-007D

0-R2-0085, C-R2-0083|

Water quality monitoring compared to baselne (to te
collected)

Proposed SBackground Erwironmental Maonitoring
Thresholds ~ Technical Memorandum (EHS, Supaort,
20255, Appendix A) to be complimented with site
determined baseline data following the installation of
sentinel and delineation monitorng kores.

Complete a review of water quality data from both the shallow and deep screened bores on a
quarterly frequency to assess vertical migration and to inform changes or optimisation of the
operation of the infiltration tranches.

Compare water quality to basefine and to infiltrated water quality on a quarterly basis and estimate '

the magnitude of mixing and dilution |or fataral attenvation) that is ccourring snd whaethar it Is
consk with exp del results)

\f water quality changes ars evident in shallow screened monitoring bores and not consistent with
expectations, constrain the infiltration area within galleries to madmisa hydraulic head and
encourage vertica| migration of water (o the axtent that this does not cause overtopping or

mounding).

3 1
tions

» To Improve understanding of vertical migration
* Characterisa the magnitude cf mixing and dilution
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Table 4-2 Compliance Triggers
Location Trigger Source Action Purpose
« Treated water automatically direcsed 10 the ROWS pond and wik not be infiitrated. * To demonstrate that water treatment
» EC of treated water after » Proxa compliance quality for the Pnimary Water Quality o Imvestigate and resolve potential catsses in the Waber Treatment Piantie) Is effective and to ensure that off-spec
mineralisation exceeds 525 ws/cm. Parameter sulte {refer 1o Section 2} - water ks not infiltrated, protesting all

* Resume Infiltration once EC s within the required specifization. ecHEtors
* Resample to confirm water quality results
= Forecast to detarmine when the 30-day flow-weighted average will exceed specification.
* Notify regulator with forecast resu lts (including sensitivity analysis) if water guality is not im proved.
« Investigate and resolve potential causes in the Water Treatment Plantis). T AT R AR TG o
= Reyiew internal testing from each Water Treatment Plant. If reasan for exceedance can be lsolated to 3 particular 5

e W » Weekly sampling results exceed » Proxa compliance quality for the Primary Water Quality treatriient plant; ider bypassing that plant ta the ROWS Pand. Is effective and to ensure that off spec

compliance criteria

Parameter suite [refer to Table 4-3)

Resample after corractive actlons taken to confirm water guallty meets compliance criteria.

M water s still not within compliancs criterla, stog infiltration prior 1o 30-day MNow we'ghted average
concentrations excesdirg compliance critera.

Investigate and resolve potental causes In Water Treatment Plant(s),

Resume infiitration once water quality mee1s specification.

water is not infiltrated, protecting all
receptors

R3 Delineation Bores with
Pressure Transducers
|0-R3-0015, OR3001D

« 30-day fiow welghted average = Cease infiltration (for exsmple, bypass to ROWS Pord) » To demonstrate that water treatment
concantrations of primary water » Froxa comphanca quality for the Primary Water Quality |  Investigate and resolve potential causes In water treatrment glant(s) Is effective and to ensure that off-spec
quality parameters exceeds Parameter suice (refer 10 Table 4-3) » Resample after cormactive actions taken to confirm watar meats compliance criteria. walsr s not infiftratad, protecting all
compliance criteria? » Aesume infiltration once water auality meats specitication. receptors

* 30day maoving average

groundwater ‘eve| 0.5m above
baseline in atleast ona monitoring
bore

Interim trigger (applicak e for First
12 months of operation) Baseline
calculated using sveilsble
monitoring data at the time
irdiltration eammenced.

Prepesed Future Trigger: Baselins
revised over 8 longer time period
Time period 1o be decided based
on raview of water levels In R1 and
R2 bores and climate data. Note
that it will mke over 12 months
after commencement for any
mounding to reach 83 bores

Nonltoring data from bores with pressure transducers
deployed.

Numerical groundwater mode! (EKS Support, 20253,
Appendix C)

Manual gauging 1o validate pressure transd ucer data

Review of water levels in 81 and R2 Sentirel Bores and regional groundwater level data to determine if infiltration
is the cause, or if water evels are within natural variabitity

Increase frequency of manually measuring the standing groundwater levels in down-gradient delineaticn boras by
receptors to monthly (note there are water level triggers for these bores below)

Move or spread inflitration within galleries to reduce mounding in manitoring bores with exceedance.

if required, reduce |nfEtration rate 10 red uce mounding In monitoring sores with exceedance.

Resume normal frequency of monitoring in down-gradient delineation bores once groundwater [avels in R3
delineation bores are <0.5m above basefine.

I infiltration rate was slowed, incrementally increase rate once groundwater levels in R2 delineation bores are
<0.5mm ahove baseline.

* Early warning for mounding and
assoclated Nux kereasas higher than
predicted at all downgradiant
receptors

Primary watar quality parameters
excead Background UPL (and
Basellne UPL once avallable) and
one of:

o 95% AN2G

o NPUG

o Cockbum Sound Critera

Proposed Background Ervironmental Monttoring
Thrasholds - Technical Memorandum {EHS, Support,
2025h, Appendix A) to be complimented with site
detarmined basafine data following the instailation of
R3 Delineation Bores,

ANZG (2018) 95% species protection freshwatar

DeH |2014) non-potable groundwater use

Cockburn Sound Criteria

Criteris are previded In Table 4.3

-

.

Resample to validate rasults.

dentify iy & d down-gradient receptors tased on Tier 1 critena excaedances.
Evaluate attenuation bety infiltration galleries and A3 Delineation Bores to predict concentrations once
groundwater reaches sites,
Review Infiltration water quality and water quality n 81 and R2 bores to detesmine source of water quality change
and whether Infiltraticn Is the cause.
Assess potentia| pathways to receptors bated on whether exceedance is in shellow or cesp screensd R3
Delineation Bores {for ple, an dance in deep bores s less Tlkely to impact wetland receptors than an
exceedence in shallow bores s wetlands interact with the top of the surfical aguifer).
Increase frequency of water quality sampling at relevant down-gradient receptors to quarterly
if analysis Indicates that attenuation Is Insufficient to protact receptors, implement actions to Improve water
quality For example, move or spread infiltration within gallertes or reduce the Infiltration rate.
Resume normal frequency aof manitoring once water guality in R Delinestion Sores is with Irl!u level.

Y P

= Early warning te prevent water guslity
impacts at down-gradi=nt receptors
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Location Trigger Source Action Purpose
* Water level abova 1.5mAHD at N-
0135, N-0195 |5 the only existing
monitoring bore adjacent to Long » Determine the petential for unacceptable risk by completion of the followdng syste matic steps {within 60 days of
Swamp with long tem notification|
groundwater level dats, « Validate groundwater level data by manually gauging all Lang Swamp Delineation Bores.
= Water level >0.3m above baselina * Review groundwater level datz from surrounding groundwater monitoring bores znd determine If mounding is
in (LSD-A, LED8, LSD.C) = i B within the natural variability of groundwater leve! fluctuations
» Interim basaline is the maximum g |0:\rl-ulm!ﬁ'::rf;:t:;r Tevel w::;:ﬂ ool sl the * Measure the heght of water in Long Swamp (i present) and collate regional groundwater and rainfall data
recorded water level prior to + Numerical groundweter model (EHS Suppart, 2025a « I surface water In Long Swamg Is abowe 1.1m AHD, complets hydrogeological assessment to determine whather | » Prevention of inundation and
commencing Infiltration Appendix C) ‘ the water level is due to groundwater fluxes and if 50 evaluate potential risks to vegetation from mounding. This :::ﬂoubl:' O‘fh vu::ﬂo:‘;n I-;VIEMD
* Revised baseline |s the I ascessmant may be supported by samphng Long Swamp and tha Long Swamp Defineation Bores and subseguent mp & @ predicted L1m
g"oundumer jeve| cal;:hud Tr:‘r B mmr:hem:v t’&":?:;fsz‘:ﬁg‘z:rmu analysis for the primary water quality suite. leve! {unrelated to climatic events)
a Ionges.thuie period. Time peyia 15 0.3 m [refer to model output in Appendix C). o Discuss flning With Resulator
to be decided based on review of « If Impacts to Long Swamp are nat observed and/or not asseciated with groundwater inflleration, continue at
watar levals in R1, R2 and R2 boras current infiltration rate.
and climate data. * fHimpacts are abserved or predicsed based on the 3ssessment, implemant actions falowing Regulatar discussion.
* Note that It will take over 24 These actions may i pr g infiltration water across the entire trench length and/or reducing infiltration
months after commencement for ratas; or seeking appraval for mnjeﬂnn bares
Long Swamp any mounding to reach Long
Delineavon Bores Swamp.
Determine the potential for unccceptable risk by completion of the folowing systematic steps (within 60 days of
notification)
+ Validate water quality results by resampling Lorg Swamp Delineation Boras.
* Measure the height of water In Long Swamp and collate reglonal groundwater and rainfall data (if presant)
» Review groundwater hydraubic and ciimate data and water quality data from 82 and R3 Sentinel Bores to
* Propased Background Ervironmental Monitoring determine the source of water quality change, Compl 1 to determine axis of consertration change
" Thresholds — Technical Memarandum {EHS, Support, and potential causation. « To assess whether groundwater
: :;gga::;:u\ﬂt;’{:r?m’ 2025b, Appendix A) 5o be complimented with ste + Complets hydrogeological assessment to eveluste potential risks to Long Swamp and confirm groundwater concentrations have the potzntial to
Baseline UL once available} and &Wimd bassline data f°"_°'“f“ the instslfation of surface water interaction mechanisms. This assessment may be supported by sampling Long Swarmp and Impact water quality within Long
S N sentinel and delinestion manitoring bores. subsequent analysis for the primary water quality suite, Swamp (unre latad to ch matic events
* ANZG (21018) 85% species protection freshwater = Discuss findings with Regulator such as evapo-concentration|
» Criteria are previded In Table -3 » if impacts to Long Swamp are not observed and/or nat asseciated with groundwater infiltration, continue at
eurrent infiltration rate.
« fimpacts are observed or predicted based on the assassment, implement actions following Regulator discussion.
Thete actions may Include, from least to most intensive, do rothing, spreading infiltration water acress the entire
trench length, reducing infiltration rates, complete an ecclogical risks assessment [the most intensive actions may
take Jonger than the 60 day anticpated tirie frame)
« Swanding water level >0 4m above
baseline. Baseline s the maximum
watar leval recorded during - poo
baseline pericd (time period to be the p ial for eptable risk by completion of the fallowing systematic steps (within 60 days of
determined based on climate aotification) .
factors) * Manual gauging to Vakdate groundwater level data
« *Note that Akcoa Is In talks with « Corfirm that the groundwater level trigger has been exceeded. Determine if mounding is within the natural
Syrwrgy to use existing bores at varlability of groundwater leve! fl
Peron Quarry. If these existing * Nimarical groundwater modal (EHS Supgort, 20253, » Confirm if other anthropogenic activities may have influenced groundwater lavels, such 35 third-party pumping or
Peron Quarry bores are suitable, TPD A~ C will " Y > nfiltration.
Third Party Plume not be installed. Suitable trigger . :naxanm:lqo\mdwmr mounding predicted by the « Complete hydrogeological 2ssessment to evaluzte potential risks o the Paron Quarry Plume. This assessment may | » Prevent mounding and associated flux
Delineation Bores levels based on bore location and ekl 1 ”;': Icinity of the :!dell k: b include actions such as climatic analysis, third party groundwater operations review, groundwater gauging and above predicted levels at Peron Ouarry
{TPD-A: TPO-8-TPD-C) baseline data will be determined fixhve Wicinity of e properiec celinestion hopes sampling of other third party owned monitoring bores (cross gradient and downgradient of existing plume) and/cr

prior 1o commencement of
Infiitration

The methodology to calculat= the
triggar leve! 13 to add 0.4 m to the
maximum groundwater level
recorded during the baseline
period {time pericd to be
determined based on <limate
factors)

15 0.4 m [refer to mocel output in Appendix C).

numerical modalling.

Discuss findings with Regulatar.

* [fimpacts to the Peron Quarry Third Party Plume are not obasrved, cantinue at cyrrent infiltration rate,

» If impacts &re observed or predicted based on the assessment, implement actions following Regulator discussion.
These actions may Include spreading infiltration water across the entire trench length and/or reducing Infiitration
rates
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Location

Trigger

Action

Purpose

Groundwatar evels exceed trigger
level
Trigger levels have been derlved
for the des par screened bores as
described befow:
o NOOD=126+03=
1.56 mAHD
o NQ0IC=126+03=156
mAHD
e NQ0AD=11+403=140
mAHD
There is no baseline data for
shallaw beres. The meathadology
1o calculate the trigger level at the
shallow bores & to add 0.3 mto
the maxmum groundwater level

Appendix E shaws the rel trigger level and the
|long-term groundwater level trends,

Numerical groundwater mode! (EHS Support, 2025a,
Appendix C)

Maximum groundwate r mounding predicted by the
model in the vicinity of the delineation tores 1s 0.3 m
(refar to mode! output in Appendix C).

L the p { for eptoble risk by completion of the folowing systematic steps (within 60 days of

notlfication)

* Validate groundwater level dzta by manually gauging 2l Southarn Site Delineation Bores

« Confirm that the groundwartar level trigger has been excesdzd, Determine if moundirg is within the natural
varlahllity of groundwater leyel fluctuations.

= Confirm If other anthropegenic activities may Kave influenced groundwater Jevels, such as third-party pumging or

infiltration (i e from Water Corporation).

Increase frecuency of groundwater level monitoring to monthly in RSA ABC Defineation Bores and Other Unknown

Contaminated Sites Delineation Bores, which are down-gradient

Complets hydrogeological assessment to eveluate potentlal risks to downgradient receptors. This assessment may

include actions such as climatic analysis, third party groundwater operations review, groundwater gauging and

sampling of other Alcoa monitoring bores {cross gradient and downgradient) and/or analytical /numerical

maodeling.

Discuss findings with Regulatos.

If iImpacts on receptors are not abserved, continue 3t current infiltration rate.

« if impacts are observed or predicted based on the assessment, implemant actions fellowing Regulator discussion.

« Confirm that mounding and associated
flux changes are within predicted
levals

* To sssass water qualty impacts on
ather potential surface water
receptors

Southarn Site Delineation recorded dunng the baseline These actions may Include spreading Inflitration water across the entire tranch length and/or reducing Infiltration
Boras period [time pericd to be rates,
|N-0025/D, N-CO3S/D, N- determined based on climate * Once groundwatsr levels [all below trigger levels, incease inf(ltration ~ate and resume normal frequency of
ooas/o) factors). menitoring.
o ine the p fal for ptoble risk by completion of the follawing sy ic steps (within 60 days of
notification)
S — = Confirm that primary water quality parametsrs exce=d both the Background UPL and relevant Tier 1 screening
» Pr g Bacl Enviror | Monitoring erteria.
;z';;:":" ;::':;:' m‘;z::z“m:"z:pzm' « Validate water guality results by resampling Southern Site Delireation Bores,
» Primary water quality parameters det ¢ m: buelne‘dau. = = * Review groundwater hydraubic data and water quality data from R2 and 33 Sentine! Bores to determine the source | » Prevention of water quality Impacts at
excead Background UPL {and + DoH [2014) non-potable groundwater Lise of water quality changa. Complate assessment to determineg sxs of concentration change and potential causation. down-gradient receptors {Cockburn
Bageline UPL once available) and v Rebaed Rele"n?m d Ap:ﬂuble Environmental Quaity » Identify potential downgradient receptors that may be ot risk of impacts. Sound and Groundwater Users)
one of: G (EQGS) for Cockburn Sound — EQG + Complete hydrogeological assessment to evaluate potential risks ta relevant receptors and confirm groundwater o To sssass water qualty impacts en
o NPUG | dentification and Derivation for Low Reliability Values surface watar interaction mechanisms. This assessment may be supported by sampling surface water roceptors other potantial surface water
o Cockburm Sound Criteria of Select Metals - Technical Report (EHS Su 20254 and subsegquent analysis for the primary water quaity sulte, receptors
and Appendix D). > «+ Discuss findings with Regulator.
« Criteria ars previded In Table 83 = If Impacts on receptors are not observed or predicted, continue at curmant Infiitration rate,
« if impacts are observed or predicted based on the assessment, mplement actions following Regulatar discussion.
These actions may Include spreading Infiltration water across the entire trench length and/or reducing Infiltration
rates and/or completing an ecological risks
Determine the potential for unacceptable risk by completion of the folowing systematic steps (within 60 doys of
« Standing water level >0.4m above netification) e g i
baseline « Validate groundwater | 313 by manuslly gauging 3/l Northern Site Boundary Celineation Bores,
. Nunem::! goundwaler model (EHS Support, 20253, « Confirm that the groundwatear level trigger has been ded, D if ding is within the natural - i e ekl
Append varlability of dwater leve! fluctuations, * Confir SHOANVCING ST Zas0ua
» Basellng is the maximum » Maximum groundwater mounding predicted by the ot g flux changes are within predicted
groundwater leve| recorded duning rmodel i the vicinity of the deineation Bores Is 0.4 « Confirm |f other anthropegenic activities may have influenced groundwater levels, such as third-party pumping or levels
e baselne paciod {thria prric to (refer to mode! output in Appendix C) ! MW
ba determined based on climate 3 * Increase frequency of groundwater level monitaring at Peron Quarry Delineation Bores 1o morthly.
factors). « implement actlon to lowar groundwater level such as moving or spreading Infilration within galleries,
+ Once groundwater levels fall below trigger levels, resume normal frequency of monitoring.
Northern Site Boundary ] ine the potentiol for ptable risk by completion of the following sy atic steps {within 60 days of
Delincation Bores » Proposed Background Ervironments| Monitoring notification)
{6-0015; G-001D} » Confirm that prirary watsr qua bty parameters excesd both the Background UPL and relevant Tier 1 screening criteria,

Primary water quality parsmeters
excead Background UPL (and
Baseline UPL once availlable} and
one of:

o NPUG

o Cockburn Sound Criteria

Thraahoids — Technical Memorandum {EHS, Support,
20250, Appendix A) to be complimented with site

determined basaline data.
Revised Relevant and Applicable Environmental Quality
Guiclelines (ENGs) for Cockburm Sound ~ EQG

Identification and Dervatian for Low Rellabiiity Values
of Selact Metals = Technical Report (EHS Support, 20254
anc Appendix D)

DeH (2014) non-potsble groundwater use

Criteria are provided In Table 4-3

Valldate water quality results by resampling the Northem Site Boundary Delineation Bores.

Review groundwater hydraulic data and water quality data from R2 and R3 Sentine! Bores to determine the soures
of water quality changs. Complete assessment to determine ax's of concentration change and potentisl causation.
identify potential downgradlent receptors that may be 3t risk of impscts

Completa hydrogeoiogical assessment to evaluate potantlal risks to relevant receptors

Discuss findings with Regulator,

I iImpacts on receptors are not abserved or predicted, continue at current Infiltration rate.

« if impacts are observed or predicted based on the assessment, imple ment actions following Regulator discussion.

These actions may include spreading infiltration water across the entire trench length and/or reducing infiltration
rates.

« Prevenvon of water quality impacts at
dowri-gradlent receptors |Cockburm
Sound and Groundwater Users)
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Location Trigger Source Action Purpose
Determine the potentiol for unocceptoble risk by completion of the following systematic steps (within 60 days of
» Groundy levels d: notlfication)
o 070+015=085 mAHD at * Validate groundwater level data by manually gauging all Refinery Delineation Bores,
KW0275 « Confirm that the groundwatar level trigger has been dzd, D if dirg s wathin the natural
0 073+0.15=0.88 mAHD at variability of groundwater level fluctuations.
- ;
A :\:'zoi?u . o' AowemiiE thows e colivancwiidieer lave and e f:;;:nnl:::::' anthropegenic activities may have influenced groundwater Jevels, such as third-party infiliration
Xwoss| jorg-teero g icwatarlevel tranh. * Gauge additional downgracient moriitoring bores across the Refinery to assess gradient and fux changes .
» Numerical groundwater model (EHS Support, 20253, ‘ : . » Pravention of water quality impacts to
0 0.92+015~ 107 mAHD 3t Appendix ) * Complete hydrogeological assessment to evaluate potential risks to Cockburn Sound from plume migration, This Cockburn Sound due ta plume
820525 assessment may Incluge actions such as i lysis, Alcoa gr operalions raview, groLncwatar
o 093+015«1.08 marD at AN gmmd_wmr moiriding preticiad by the gauging and semaling of other Alcoa monitoring bares (cross gradient and downgradient) and/or agationt
520830 model in the vicinity of the delineation bores is 0.15m analytical/numerical modelling.
JERSSE BT SOV L) SR = Discuss findings with Regulator.
» Thasetrigger levels have baen « if Impacts on receptors are not observed, continue at current Infiitration rate.
caiculated by adding 0.15 m to the » Himpacts are ohserved or predicted based on the ssssssment, implement actions following Ragulator discussion,
maximum groundwater elevation These actions may Include spreading infiltration water across the entire trench length and/or reducing Infiitration
recorded since 2016, rat=s and/or Increasing recovery of groundwater across the Refine ry recovery bore natwork.
s Once groundwater levals fall below trigger levels, increase inflltration rate |If reduced)
Determine the patential for unocceptable risk by completion of the fallowing systematic steps (within 60 days of
Refinery Plume notification]
Delineation Bores Confirm that primary water quality parameters exceed toth the Background UPL and relevant Tler L screening
|RWD275/D, KW0ss!, critaria,
820525/D) « Validate water quality results by resampling the Refinery Plume Delireation 8ores.
* Review groundwater hydraubic data and water quality cata from existing upgredient/cross-gradient and
downgradient Alcoa monitoring bores. Complets assessment to determine axis of concentration change ard
potential causation,
« Complete hydrogeological assessment to evaluate patential risks to Cockburn Sound and canfirm groundwater
» Revised Relovant and Applicable Environmental Quality surfaca water interaction mechanisms, Other data gaps to be addrassed include:
» Primary water quality p s Guidellnes (FOGs) for Cockburm Sound — FQG o Are the changes in water guality In the Refinery Delinestion Bores with upgradient infiltration
excend Background UPL (and |dentification and Darivation for Low Reliabliity Values activities (i 0. mounding observed and/or groundwater geochemistry changes are consistent with the * Prevent water quality impacts to
Baseline UPL once avallable) and of Select Metals - Technical Report {EHS Support, 20254 infiltrated wat=r| Cockbumn Sound
Cockburn Sound Criteria. and Appendix D). o Ase there indicaters of delet=rious changes in water quality within the downgradient Refinary and foreshore
» Criteria are provided in Table 4.3 area.
o Are thera other indicaters of Increases of contaminant flux to the marine environmant
< This assessment may be supported by sampling other menitoring dores and the marine environment {L.e.
sampling downgradient bores to detarmine If 1he plume has migrated)
* Discuss findings with Regulator,
« If Impacts to Cockburn Sound are ot cbsarved or oredicted, continue at currant Infiltration rate.
» ifimpacts are observed or predicted based on the assessment, imple ment actions following Regulator discussion.
These actions may Include spreading Infitration water across the entre trench length and/or reducing Infiitration
ratas and/or increasing recovery of groundwater across the Refinery recovery bore natwork.
* Resume normal operations once groundwater quality is within trigger criteria.
Determine the potentiel for unocceptable risk by completion of the following systematic steps (within 60 days of
notification)
» Groundwater lavel excesds: + Validate groundwater ievel data by manually gavging 2ll R5A ABC Delincation Bores.
o 102+015=1.17 mAHD at « Confirm that the groundwater level trigger has been exceeded, Determine if mounding is within the natural
820575, varlabllity of groundwater level fluctuations.
o 103+015=118 mAHD at » Appendix E shows the relevant trigger level and the * Confirm if other anthropeg may have infl d groundwater levels, such 8s third-party pumping or
RSAABC PRimé B20570. long-term groundwater level trends, infilravon,
Delineation Bares 6 1284015+ 143 mAHD at * Numerica! groundwater mode! (EHS Support, 2025a, * Complets hydrogeological assessment to evaluste potential risks to downgradient receptors and determine * Prevent mounding and assoclated flux
|B20575; 820570, 820625, Appendix C) whether flux changes will cause plurne rfn'g’dlun. This assessnent may inchude actions such as climatic analysis, aboue predicted levels at RSA ASC that
320625; 'azoszm' 0 1.14+0.15= 129 mAHD at = Naximum groundwater mounding predicted by the third party groundwater ope review, groundwater gauging and sampling of other Alicos manitoring bares may cause to plume migration
820620. rodel in the vicinity of the delineation bores s 0.15m {eross gradient and downgradient| and/or analybeal/numencal assessment.
» Thesetrigger levels have besn (referto mode!l output in Appendix C). « Discuss findings with Regulator.
calculated by adding 0.15 m to the » If Impacts on receptors are not observed, continue at current infiitration rate.
maximum groundwater elavation » ifimpacts are observed or predicted based on the assassment, implement actions following Regulator discussion.

recorded since 2016,

These actions may Include spreading infiltration water across the entire trench length and/or reducing infiltration
rates and/or Implementing changes in recevery bore operations at RSA ABC.
Once groundwater levals fall below trigger levels, resume normal operations.
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Location Trigger Source Action Purpose
L the p ! for eptoble risk by completion of the following systematic steps (within 60 days of
notlfication)
» Confirm that primary water quality parameters excaed both the Background UPL and relevant Tier 1 screening
criteria.
* Proposed Background Environmental Monitoring « Validate water quality results by resampling the RSA ARC Plume Delineation Bores.
;2;‘;:" f“ = T:f":;‘;l bm.cmmndum:-l‘s',“:a f:. ory = identily potential downgradient receptors that may be ot risk of impacts.
prr et 5 M";:’ basaline dats foll o;nin; the installation of * Review groundwater hydraubic data and water quality cata from existing upgradient/cross-gradient and
ex::':aa:m:ou;z::(::: e sentinel 3nd delineation monitoring bores, downgradient Alcoa monitoring bores. Complets assessment to determine axis of concentration change and
RSA ABC Plume potential causation. Assess hydraulic changes {I.e, moundmg) and determine if flux change can potentially cause

Delineation Bores
|82057s; 520570}

Baseline UPL once available) and
one of:

o NPUG

o Cockburn Sound Criteria.

DeH [2014) non-potable groundwater use

Revised Relevant and Applicable Environmental Quality
Guidelines (EQGs) for Cockburn Sound — EQG
Identification and Derivation for Low Reliability Values
of Sefect Metals — Technical Report (EHS Support, 20254
and Appendix D).

Critera are previded in Table 4-3

phume migraton,

Complete hydrogeological assessment to evalk po | risks to rel s. This assessment may be
supported by sampling add tional monitorirg bores for the primary water quafity sulte and Increasing the
fraquency of sampling of the RSA ABC Plume Delineation Bores.

Discuss findings with Regulator

If Impacts on receptors are not observed or predicted, continue at currant Infiltration rate.

if Impacts are observed or predicted based on the assessment, implement actions following Regulator discussion.
These actions may Include spreading Infiltration water across the entire trench length and/or reducing Infiltration
rates and/or Implemanting changes In recovery bore operations at A5A ABC.

| operations once groundwater quality is within trgger criteria,

.

* Resume

» To evaluate whether the existing

plume may migrate and impact
downgradient rece ptors

Other Unknawn
Comaminated Sites
Defineation Bores
|B20515/D, B20555/D,
B20615/0))

» Groundwater levels exceed:
o 115+015=13mAHD at

Dcumlnﬁcnrmthlfwmnmmﬂemwwmqmmmmmm fwithin 60 days of
notification)

B20515 * Validate groundwater level data by manuslly gauging 2ll Other Unknown Contaminated Sites Delineation Bores,
o 1134015=128 maHD &t = Confirm that the groundwater level trigger has been exceeded, Determine if mounding is within the natural
820510 » Appendix E shows the relevant trigger level and the variahility of groundwater level fluctuations,
© 1.14+0,15= 129 mAHD at |long-term groundwater level trends, « Confirm If other anthropogenic activities may have influenced groundwater lavels, such as third-party pumping or
820565 . d Back invd Erviror | Monitoring nfiltraton.
4 1074015 = 1.22 mAHD at Threshoids - T.dmlnl Memarandum {EHS, Support, * Complete hydrogeological assessment to evaluate potential risks to downgradient receptors and determine ¢ T;ﬁ"m"”""fﬂﬁf :‘ﬁ:::nh
820560 2025h, Appendix A) to be plimented with ate whether flux changes will cause plume migration. This 1t may Incluce actions such as ¢limatic analysis, contaminstad sites mey cause
o 110+015«125mAHD at determined baseline data third party ground review, gr gauging and sampling of other monitaring beres {cross plumels) to migrate {if present)
820615 « Naximum groundwater mounding predicted by the gradient and downgradient) and/or analytical/numerical modefling.
o 105+0,15=120 mAHD ot mode| in the vicinity of the delineation bores is 0,315 m « Discuse findings with Regulator,
820610 (refer to model output in Appendix C). + if Impacts on receptors ara not observed, continue at current Infiltration rate.
* These tngger levels have bean = ifimpacts are observed or predicted based on the sssassment, imple ment sctions following Regulater discussion.
calculated by adding 0.15 m to the These actions may Include spreading infiliration water across the entire trench length and/or reducing Infiltration
maximum groundwates elevation ratas,
recorded since 2016. « Once groundwater levels fall below tr'g-r levels, increase infiltration rate |if reduced)
Determine the potential for unacceptable risk by completion of the folowing systematic steps (within 60 doys of
notification)
« Confirm that primary water quality parameters exceed beth the Background UPL and relevant Tler 1 sereening
criteria.
» Proposed Background Environmental Monitoring * Validate water quality results by resampling the Delineation Bores.
The ds ~ Technical dum {EHS, Support, * identify potental downgradient receptors that may be at risk of impacts.
2025b, Appendix A) w0 be complimented with site + Review groundwater hydraulic data and water quality cata from existing upgradient/cross-gradiant and
* Primary water quality parameters detarmined bassfine duta. downgradiant monitcring bores. Compl o determine 2xs of concentrazion change and potential | » To evaluate whether unknown

exceed Background UPL {and
Baseline UPL once available) and
one of;

o NPUG

¢ Cockoum Sound Critera.

DoH {2014) non-potable groundwater use

Revised Relevant and Applicable Environmental Quality
Guidelines (EQGs) for Cockburn Sound ~ EQG
|dentification and Dertvation for Low Reliability Values
of Select Metals = Technical Report (EHS Support, 2025d
ant Appendix D)

Criteria ar= provided in Table 4-3

causation. Assess hydrauic changes {i.e., mounding) and determine if flux change cen potentially cause plume

migration,

Complete hydrogeological assessment to evaluate potential risks to relevant receptors. This assessment may be

supported by sampling add tional mon itoring bores for the primary water g uafity suite and Increasing the

frequercy of sampling of the Delineation Bores.

« Discuss findings with Regulator

« if Impasts on receptors are not observed or predicied, continye at current Infiltration rate,

« if Impacts are observed or predicted based on the assassment, implement actions following Regulater discussion.
These actions may Include spreading Infiltration water across the entire trench length and/or reducing Infiltration
rates.

= Resume normal operstions once groundwater quality is within lr'g_pr criteria.

cuntamination may migrats and
impact downgradient receptors, such
as exieting groundwater users or
Cockburn Sound
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Table 4-3 Water Quality Triggers Summary
Groundwater Triggers
Primary Wi Quality Suite Concentration Tier 1 Screening Criteria
Units in Infiltrated Background
Parameters Cockburn
Water UPL** 95%
NPUG | Irrigation ANZG Sound
Criteria
| pH pH unit- 6-5-85 No trigger applied
By ‘ TDS mg/L 600 1,093 { NC -[ NC T NC rNC
Parameters | ajialinity mafl as€iC05 | Notriggerapphed | Notiggerapplied
Hardness mg/L as CaCos | * No trigger applied
| Calcium me/L * 350 NC NC NC NC
Major | Magnesium me/L 5.0 a0 NC NC NC NC
Catlons Sodium mg/L 150 129 NC NC NC NC
| Patassium meg/L No trigger applied | 10.1 NC NC NC NC
| Chloride mefL 175 22 250 NC NC NC
Major | Huoride mg/L 05 0.41 15 20 1.7 NC
Anions Sulfate me/L 50.0 640 1000 NC NC NC
| Niwate mg/L No trigger applied | 47.4 500 NC 29 121.6
| Alumiriium mg/L 0.15 0.04 0.2 20 0.055 0.086
Arsenic mg/L 0.01 0.03 01 20 0.013 0.017
| Boron me/L 0.9 0.13 10 NC 0.940 5.1
Gallium mg/L 0.005 0.002 NC NC NC i1
Metals Molybdenum meg/L 0.09 0.007 0.5 0.05 0.034 6.2
: Nickel meg/L 0.002 0.002 0.2 2.0 0.011 0.20
Selenium mg/L 0.01 0.004 01 0.05 0.011 0.01
| Tin mg/L 0.002 0.001 NC NC NC NC
Vanadium mg/L 0.01 0.009 NC 0.5 0.006 0.160
Table Notes

* Hardness and calcium criteria in infiltrated water ta calculated from Commissioning Phase testing results using cation/anion data and
geochemical models to define limits below calcite precipitation levels,

**Baseline UPL to be calculated from data collected prior to commencement of infiltration
4.2 Reporting Commitments

Following the implementation of the MMP, Alcoa will implement a routine reporting program that will
comprise monthly review of monitoring results and results of the MMP, a quarterly status report, and a
comprehensive Annual Compliance Report. The monthly tracking reports will focus on the rapid assessment
of data and the provision of status and changes in accordance with the decision framework provided above.
The quarterly reports will provide a more detailed assessment of data, ensuring the objectives (as
described above) are met, the infiltration rate is optimised, and that impacts on the receiving environment
are managed. Both the monthly and quarterly reports will highlight major operational concerns impacting
on system performance, and the associated actions that Alcoa have implemented to ensure no further
degradation of downgradient groundwater quality and that existing beneficial uses are protected. The
quarterly reports will provide more detailed documentation on the analysis of data and demonstrate that
actions were systematically implemented and appropriately assessed for any triggering event.
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The Annual Compliance Report will consolidate the outcomes from the monthly, quarterly, and annual
monitoring and sampling programs in accordance with the framework presented in the MMP.

Following the first 12 months of operation, the frequency of reporting commitments will be reviewed
based on a risk management framework. This review will be in consultation with DWER.

4.2.1 Auto Reporting

To assist with the data review, and to provide information to Alcoa and key stakeholders as quickly and

efficiently as possible, trigger levels will be applied to the continuous monitoring data, This will ensure that
any key risks can be identified and informed decisions be made without delay.

4.3 Maintenance of System Operability and Performance

A core component of effective implementation of this MMP is implementation of a proactive maintenance
program to ensure optimal performance of the infiltration trenches. The most frequent maintenance
challenge with infiltration trenches is clogging. Core actions to be managed by Alcoa and a typical general
schedule for infiltration trench maintenance is summarised in Table 4-4.

In addition to the operations and maintenance activities on the infiltration infrastructure, a separate
operations and maintenance program has been developed for the water treatment plant.

Table 4-4 Maintenance Activities for Infiltration Trenches

Activity Schedule
Replace gravel when clogged. As needed
Maintain equipment spares to enable repairs and replacement to pumps and associated infrastructure in the field. | As needed
Clear inlet of debris, including sediment that could impact on inflows. Monthly
Repazir undercut and eroded areas at inflow structure, Monthly
Inspect overflow pipes between infiltration trenches to ensure they are clear and functioning properly. Monthly
Inspect integrity of R1 Sentinel Bores to ensure accurate monitoring of mounding. Monthly
Complete inspections and, if needed, repairs on all monitoring wells. : Semi-annually
Inspect infrastructure and diversion structures for debris accumulation and structural integrity. Semi-annually
Rehabilitate the trench and restore its design storage capacity. Upon failure
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Technical Memorandum

To:  Alcoa of Australia (Limited)
From: EHS Support
Date: 1S November 2025

Re: Proposed Background Environmental Monitoring Thresholds

1 Introduction

Alcoa is evaluating the potential use of irrigation, infiltration, and direct injection into the Tamala
Limestone aquifer as a means for management of treated groundwater, treated underdrain water
and surface water from the residue storage areas. To support the approvals process, this document
provides an assessment of background sampling data that was collected as part of a groundwater
and surface water sampling program that was documented in the Sampling and Analysis Quality Plan
(SAQP; EHS Support, 2024). This assessment documents the statistical approach and results of an
assessment of background groundwater sampling data. The rationale for selection of background
groundwater wells was documented in the aforementioned SAQP.

This technical memo includes an additional round of monitoring data not included in the previous
draft assessment (EHS Support, 3 July 2025), as well as a more robust assessment of outliers. The
inclusion of this additional data plus the removal of outliers has now resulted in calculated UPL
values which do not significantly exceed the maximum observed concentrations. Further this
technical memo also provides commentary that addresses the Interim Audit Advice on the draft
assessment provided by Mr Jeremy Hoghen of Senversa on the 25 July 2025.

A range of statistical methods can be used to define the upper bounds of background conditions
within an aquifer, This assessment provides a statistical assessment of the data to define the upper
bounds of natural background within the Tamala Limestone, Bassendean / Gnangara Sand and Ascot
Formation. In combination with applicable regulatory criteria (aligned with the potential beneficial
uses of each aquifer), this assessment will be used to define acceptable criteria for potential
injection water and/or concentrations (trigger levels) in groundwater that may be indicative of
potential impacts to groundwater; noting that technical assessments indicate that impacts to
groundwater are unlikely.

This assessment will be used as a tool for the broader risk assessment described in the Residue
Storage Area ABC Irrigation Risk Assessment (EHS Support, 2025a) and the Aquifer Infiltration and
Injection Technical Assessment and Risk Assessment (EHS Support, 2025b) which are currently in
development.
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The following outlines the road map for background water quality assessment and development of
background environmental monitoring thresholds:

1.

(98]

Identify monitoring bores that were representative of background, noting they are
upgradient and cross gradient to the domains. This was completed as part of the SAQP (EHS
Support, 2024) and based on |location, bore integrity and surrounding activities.

Implement sampling program to collect initial data for assessment of background water
quality and statistical analysis. Three initial sampling rounds were completed under the
SAQP.

Evaluation of influences on water quality completed as part of the Residue Storage Area ABC
Irrigation Risk Assessment (EHS Support, 2025a). Some examples include elevated nitrogen
and phosphorus associated with historical agricultural activity in the area and elevated
arsenic, manganese and silicon from natural geology of the area.

Qualitative assessment on outliers. Initial sampling data was reviewed, and qualitative
outliers were removed based on elevated electrical conductivity which is not representative
of background conditions.

Additional sampling completed to support quantitative outlier assessment. A fourth
sampling round was completed in August 2025, and results were added to the background
dataset to allow for comprehensive quantitative assessment and removal of outlier results.
Recalculation of UPLs using industry best practice methods in line with USEPA (2009)
guidelines.

Evaluation of beneficial uses that are precluded based on background concentrations. This
was completed as part of the Residue Storage Area ABC Irrigation Risk Assessment (EHS
Support, 2025). Precluded beneficial uses include drinking water and terrestrial vegetation.
Background environmental thresholds are to be used to derive design criteria (for certain
constituents) for infiltration / aquifer injection as outlined in the DRAFT Aquifer Infiltration
and Injection Technical Assessment and Risk Assessment (EHS Support, 2025b).

ckground Groundwater Bores

Q)
g

A systematic assessment of background groundwater well locations was undertaken as part of the
SAQP (EHS Support, 2024) considering the following factors:

The groundwater wells are hydraulically upgradient (or cross gradient) of Alcoa activities.
The absence of contamination sources within the immediate vicinity of the groundwater
well.,

Historical water quality data, where available, does not indicate impacts associated with

Alcoa’s activities.

The background |locations support the feasibility assessment for the infiltration/injection
project,

Background groundwater wells are located across five specific focus areas and screened across three
aquifers, as outlined in Table 2-1 below and shown on Figure 2-1.

To support the development of background environmental thresholds, a total of 82 groundwater
samples were collected from 21 monitoring wells. Each location was sampled four times, except for
those outlined in Table 2-2. Round one samples were collected between October and November
2024, round two samples were collected between January and February 2025, round three samples
were collected between April and May 2025 and round four samples were collected between July
and August 2025, Sampling data from all four rounds has been included in this assessment.
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Table 2-1 Background Wells by Aquifer
Bore ID Screen from Screen to Area
(mbTOC) (mbTOC)
Ascot Formation
F-037D 61.1 64.6 Operating RSA
H-010D 623 69.8 Operating RSA
N-015D 15.3 27.5 Long Swamp
Bassendean / Gnangara Sand
61410119 33 45 DWER
61419711 3 6 DWER
61419861 22 27 DWER
F-0128 34 61 Operating RSA
F-0375 339 58.1 Operating RSA
G-003 3 34.6 Spectacles Wetland
H-010S 35.8 57.8 Operating RSA
SP1-1D 36 7.6 Spectacles Wetland
Tamala Limestone
61410078 35 41 DWER
B2052D 29.7 41.3 Refinery/Social Club Area
B20525 15.6 25.6 Refinery/Social Club Area
G-005 17 25.1 Long Swamp
KW035D 196 316 Refinery/Social Club Area
KWO035S5 56 17.6 Refinery/Social Club Area
KWO068D 26.62 32.62 Refinery/Social Club Area
KWO0638I 17.57 23.57 Refinery/Social Club Area
KWO068S 1.77 13.77 Refinery/Social Club Area
N-019S 33 133 Long Swamp
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Table 2-2 Summary of Groundwater Wells with Sample Anomalies

Well ID Round 1 Round 2 Round 3 Round 4
G-005 Not sampled Sampled Sampled Sampled
64140119 Sampled Not sampled — well damaged Sampled Sampled
KWO035D Sampled Sampled Sampled Sampled twice — initial sample adopted
KW035S Sampled Sampled Sampled Sampled twice —initial sample adopted

Groundwater sampling was conducted following methods detailed in the SAQP (EHS Support, 2024).
Analytical suites were selected to provide a comprehensive dataset of key groundwater parameters
and constituents of potential concern (COPCs) for the site. From this broader suite, constituents with
at least two reported detections were selected to develop suitable environmental thresholds (upper
prediction limits; UPLs).

It should be noted that the sampling locations within the Tamala Limestone are located within
interior portions of the Alcoa property (not proximal to the coast), upgradient or cross gradient of
areas of groundwater impacts and are therefore representative of freshwater in the Tamala
Limestone. Major differences in groundwater chemistry (and associated minor ion concentrations)
exist between the fresh and brackish (areas where saline intrusion has occurred) portions of the
Tamala Limestone aquifer. No activities are proposed in the brackish portions of the aquifer and as
a result background values for the saline portions of the aquifer have not been developed.
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Figure 2-1 Background Groundwater Well Locations
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Data Analysis Methods

Data were reviewed following methods described in Statistical Analysis of Groundwater Monitoring
Data at RCRA Facilities: Unified Guidance (USEPA, 2009). In brief, the dataset was reviewed for
outlying results, suitability for use in the development of environmental thresholds based on
geochemical stability. Data were then reviewed to determine whether the statistical assumptions of
tests were met. Data were then analysed based on methods appropriate given the distribution of
the data and inter-well variation to calculate UPLs.

USEPA (2009) describes prediction limits as follows: “...prediction limits belong to a class of methods
known as statistical intervals. Statistical intervals represent concentration or measurement ranges
computed from a sample that are designed to estimate one or more characteristics of the parent
population. In groundwater monitoring, statistical intervals offer a convenient and statistically valid
way to test for significant differences between background versus compliance point groundwater
measurements.”

Upper prediction limits (UPLs) are statistical estimates of the highest future concentration expected
based on a given distribution of background data. UPLs were derived for each parameter. A 99%
confidence, rather than a 95% confidence, is recommended for UPLs as it avoids frequent false-
positive results impacting on the statistical tests (as per USEPA (2009) which is recognised by
Australian environmental professionals as an appropriate guidance document in the absence of any
formal Australian guidance). False negative results occur when a test fails to identify a true change
from background; the risk of false negatives is assessed in Appendix A and aligned with guidance
provided in USEPA (2009). False positive results occur when a test incorrectly identifies a normal
concentration as different from background and are an inherent risk of statistical testing. Statistical
testing with 99% confidence reduces the probability of false positives to 1% per test and balances
the risk of false negative and false positive results.

The site-wide false positive rate (SWFPR) can be calculated as 1 — (1 - 0. where Nt represents the
total number of tests and a represents the significance level (confidence level of 99% is equivalent to
a of 0.01; USEPA, 2009). This will be considered when selecting UPLs to use during review of future
monitoring results.

Comprehensive details of the data analysis, statistical derivation methods and suitability assessment
are provided in Appendix A,

4 Summary of Available Data
As described above, groundwater sampling was conducted in the Tamala Limestone, Bassendean /

Gnangara Sands and Ascot Formation during 4 events providing a combined data set of 39, 31 and
12 samples, respectively.

Following outlier removal, UPLs were calculated for all constituents across each aquifer grouping to
determine their suitability for use as environmental thresholds. The 95™ percentile of concentrations
was also calculated for each grouping. Table 4-1 provides these statistics for each aquifer unit. Note
that UPLs may be higher than the 95" percentile due to the distribution of the data.

Initial UPLs were previously calculated based on three rounds of data. A comparison of the initial
UPL and revised UPLs is provided in Appendix B.
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Table 4-1 Concentration Statistics for Each Aquifer Unit

Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
g Fraction | Unkt sshoile | RPN | ggnie oI T S R eiionds

Alkalinity, Bicarbonate (As CaCO3) T mg/L 190 295 3156 349 12.6 167
Alkalinity, Carbonate (As CaCO3) T mg/L - - - - 5 5.5
Alkalinity, Total (As CaCO3) T mg/L 190 295 316 349 126 167
Aluminium D mg/L 0.01 0.04 0.01 0.03 0.01 0.6
Aluminium T mg/L 0.01 2 0.04 0.64 0.03 12
Ammonia as N T mg/L 0.005 0.18 0.005 0.11 0.02 0.51
Antimony D mg/L 0.001 0.003 0.001 0.002 - -
Antimony T mg/L 0.001 0.002 0.001 0.002 0.001 0.002
Arsenic D mg/L 0.001 0.03 0.001 0.006 0.001 0.002
Arsenic T mg/L 0.001 0.03 0.002 0.006 0.001 0.006
Barium D meg/L 0.02 0.14 0.04 0.13 0.01 0.09
Barium T mg/L 0.02 0.21 0.04 0.13 0.02 0.11
Biochemical Oxygen Demand (BOD) T mg/L 5 28 5 19 5 62
Boron D mg/L 0.02 0.13 0.02 0.11 0.02 11
Boron T mg/L 0.02 0.13 0.02 0.26 0.02 1.2
Cadmium D mg/L - - - - 0.0001 0.0002
Cadmium T mg/L 0.0001 0.0002 - - 0.0001 0.002
Calcium D mg/L 81.7 350 11.6 130 6.5 531
Cerium D mg/L 0.001 0.002 - - 0.001 0.003
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Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
fnoips FORMR | st 95 %ile "‘“";"f"" 95t %ile ""‘..‘,“P'I'.""" 95 Seile "‘"‘",';‘I‘."“"

Cerium T mg/L 0.001 0.03 0.001 0.007 0.001 0.01
Chloride (As Cl) P mg/L 77.5 222 47.2 184 376 121
Chromium T mg/L 0.001 0.02 0.001 0.009 0.001 0.02
Chromium, total D mg/L 0.001 0.004 - - 0.001 0.003
Cobalt D mg/L - = 0.001 0.001 0.001 0.005
Cobalt T mg/L 0.001 0.003 0.001 0.003 0.001 0.02
COD - Chemical Oxygen Demand T mg/L 20 330 20 23 20 100
Copper D mg/L 0.001 0.06 0.001 0.03 0.001 0.41
Copper T mg/L 0.001 0.09 0.001 0.01 0.001 0.04
Cyanide T mg/L 0.004 0.004 0.004 0.02 0.004 0.008
Dysprosium T mg/L 0.001 0.002 - - - -
Ferrous Iron T mg/L 0.05 0.14 0.05 43 0.05 28
Fluoride T mg/L 0.1 0.41 01 04 0.1 0.28
Gadolinium T mg/L 0.001 0.002 - - 0.001 0.001
Gallium T mg/L 0.001 0.002 - - - -
Gross alpha particle activity T Bg/L 0.04 0.18 0.03 0.2 0.03 0.29
Gross beta particle activity T Ba/L 0.04 0.32 0.04 0.13 0.06 0.14
Hardness (As CaCO3) D mg/L 246 1000 54.6 400 56 250
Iron D mg/L 0.01 23 0.01 2 0.07 35
Iron T mg/L 0.06 16.8 0.2 7.8 0.38 7.8
Lanthanum D mg/L 0.0005 0.001 - - 0.0005 0.001
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Lanthanum T mg/L 0.0005 0.01 0.0005 0.003 0.0005 0.003
Lead D mg/L - - - - 0.001 0.001
Lead T mg/L 0.001 0.006 0.001 0.003 0.001 0.007
Lithium D mg/L 0.001 0.003 0.001 0.002 0.001 0.002
Lithium T mg/L 0.001 0.004 0.001 0.002 0.001 0.003
Magnesium D mg/L 9.7 40 5.9 18.7 4.8 16.2
Manganese D mg/L 0.001 0.03 0.001 0.57 0.002 0.04
Manganese T mg/L 0.003 0.12 0.005 0.57 0.004 0.02
Mercury T mg/L 0.00005 0.003 - - 0.00005 0.000068
Methane T /L - - 5 8.2 5 1300
Molybdenum D mg/L 0.001 0.007 0.001 0.002 0.001 0.003
Molybdenum T mg/L 0.001 0.007 0.001 0.001 0.001 0.002
Neodymium D mg/L - - - - 0.001 0.001
Neodymium T mg/L 0,001 0.008 0.001 0.003 0.001 0.005
Nickel D mg/L 0.001 0.002 0.001 0.002 0.001 0.01
Nickel T mg/L 0.001 0.005 0.001 0.005 0.001 0.009
Niobium T mg/L = =X = = 0.001 0.001
Nitrate T mg/L 0.14 47.4 0.1 75.7 0.02 6.3
Nitrate as N T mg/L 0.03 108 0.02 17.1 0.005 14
Nitrate as N + nitrite as N, preserved T mg/L 0.03 10.8 0.03 16.6 0.005 1.4
Nitrite T mg/L 0.02 0.77 0.02 0.34 0.02 0.2
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Analyte Fraction |  Unit ke M&nptli.’ 95t %ile Rc‘lluuupl;.linl’ 5% sce gm‘,;;rn‘:

Nitrite as N T mg/L 0.005 0.23 0.005 0.1 0.005 0.05
Nitrogen T mg/L 0.29 11.5 0.25 8.6 0.23 27
N-Nitrosodimethylamine T pg/L - - - - 0.01 0.03

pH T SuU 7.1 8.1 6.7 7.8 5.5 8
Phosphate as P T mg/L 0.005 0.03 0.005 0.03 0.005 15
Phosphorus T mg/L 0.05 2.7 0.05 0.11 0.05 23
Potassium D mg/L 3.2 10.1 31 104 26 18
Praseodymium T mg/L 0.001 0.002 - - 0.001 0.001
Rubidium D mg/L 0.003 0.01 0.004 0.007 0.004 0.02
Rubidium T mg/L 0.003 0.01 0.004 0.008 0.004 0.02
Samarium T mg/L 0.001 0.002 - - -- -
Scandium T mg/L 0.001 0.001 - - - -
Selenium D mg/L 0.001 0.004 - - 0.001 0.002
Selenium q; mg/L 0.001 0.002 0.001 0.001 0.001 0.005
Silicon D mg/L 2.9 5.4 5 6.5 2.8 6.6
Silicon T mg/L 3.8 6.6 54 6.9 2.9 7
Sodium D mg/L 43.6 129 29.2 106 199 78.2
Sodium Adsorption Ratio T - 11 29 14 2.2 0.99 4.5
Strontium D mg/L 0.21 27 0.05 0.26 0.03 0.28
Strontium T mg/L 0.21 2.7 0.05 0.28 0.03 0.3
Sulfate (As SO4) T mg/L 345 640 26.2 188 1 76.6
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Sulfide T mg/L - - - - 0.5 0.86
Sulfur D mg/L 13 200 9.6 57.9 0.5 26.7
Sulfur T mg/L 12.6 200 9.9 58.2 0.74 25.8
Sum of alpha and beta particle activity T Bg/L 0.04 0.38 0.05 0.34 0.04 0.49
Thallium D mg/L - = 0.001 0.001 0.001 0.002
Thallium T mg/L - - 0.001 0.002 0.001 0.003
Thorium D mg/L 0.0005 0.002 0.0005 0.0006 0.0005 0.0008
Thorium T mg/L 0.0005 0.003 0.0005 0.0009 0.0005 0.004
Tin D mg/L 0.001 0.001 - - - -
Tin T mg/L 0.001 0.002 - - 0.001 0.001
Titanium D mg/L -- -- - - 0.001 0.002
Titanium T mg/L 0.001 0.07 0.001 0.01 0.001 0.02
Total Carbon T mg/L 36.2 240 10.6 74.7 12 49.7
Total Dissolved Solids T mg/L 420 1093 166 837 190 409
Total Inorganic Carbon T mg/L 35.2 230 71 74.8 3.8 37.9
Total Kjeldahl Nitrogen as N T mg/L 0.1 1.2 0.1 1.2 0.13 1.5
Total Organic Carbon T mg/L 1 16 1 5 3.4 20.8
Total Suspended Solids T mg/L 5 446 5 411 5 33
Tungsten D mg/L 0.01 14 0.01 0.16 0.01 2.7
Tungsten T mg/L 0.01 0.02 - - 0.01 0.42
Uranium T mg/L 0.001 0.001 - - - -
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Vanadium D mg/L 0.001 0.009 - - 0.001 0.006
Vanadium T mg/L 0.001 0.01 0.001 0.009 0.001 0.01
Yttrium D mg/L 0.001 0.002 - - 0.001 0.003
Yttrium T mg/L 0.001 0.01 0.001 0.004 0.001 0.008
Zinc D mg/L 0.001 0.04 0.003 0.06 0.001 0.01
Zinc T mg/L 0.001 0.02 0.003 0.09 0.003 0.05
Table Notes:

1“Resampling” UPL— the concentration of a constituent at a sampling location over two consecutive sampling events should be within the UPL.
— indicates results all below detection limit or statistics not able to be calculated due to limited data.

95%ile = 95 percentile concentration

UPL = Upper Prediction Limit
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After calculation of summary statistics, the suitability of reliance on each tested analyte for
environmental threshold development was assessed based on criteria developed following guidance
in USEPA (2009). The results of this suitability assessment are presented in Appendix A.

The purpose of this memo is to determine potential background monitoring thresholds (UPLs) for
aquifers in the vicinity of an infiltration/injection area. This may inform the setting of discharge
criteria and monitoring trigger levels in risk assessment documents. In the absence of applicable Tier
1 screening criteria for a specific constituent, UPLs may be adopted instead.

Further, while this memo sets a UPL for each constituent that formed part of the background
groundwater analysis, it is anticipated that a refined analytical suite, and therefore monitoring
criteria, will be specified based on the risk assessment for the proposed infiltration/injection activity.
This will include consideration of the suitability assessment outlined in Appendix A.

6 Derivation and Proposal of Envircnmental Thresholds

As determined in Appendix A, a number of constituents have medium to high suitability for use as
environmental thresholds. These UPLs can be used to:

1. Define background in the portions of the aquifer not effected by saline intrusion.

2. ldentify any change in concentrations in future monitoring data that would warrant further
assessment by evaluating whether changes meet standard criteria for statistical significance
and align with the geochemical expectations of changes associated with any potential mixing
of irrigation water. The UPLs are based on resampling (verification sampling), meaning that a
statistically significant deviation from the baseline dataset will be detected only if two
consecutive monitoring samples exceed the established UPL. These samples should be
spaced over sufficient time to allow for statistical independence; it is anticipated that one
month should be sufficient.

For a monitoring event including ten statistical tests with an a of 0.01, the likelihood of at least one
false-positive exceedance (SWFPR]) is 10 percent. This means that at least one exceedance of a
single-constituent UPL can be expected for every ten monitoring events, The USEPA
recommendation is a 10 percent annual SWFPR (USEPA, 2009). The more UPLs applied, the higher
the SWFPR will be, meaning that more false-positive exceedances of single constituents are
anticipated. This should be considered as part of ongoing use of PLs as environmental thresholds and
supports the use of multiple lines of evidence to confirm potential impacts. Using less statistically
robust analyses (such as the 95th percentile of data) is not recommended as the sole method for
detection of changes as it may increase the chances of false positives and reduces the statistical
power.

In addition to statistical false positives, monitoring data with concentrations above UPLs could
reflect a change in conditions due to factors other than infiltration of water, such as variance in
laboratory reported results, field errors, or normal seasonal or inter-annual variation that has not
been captured in the baseline dataset. Given this, if PLs are exceeded, additional analysis will be
triggered to determine whether the change is likely related to infiltration or to other factors. As part
of this analysis, any change in the concentration of multiple analytes in the same sample will be
taken into consideration as this would be expected in cases where infiltration water is infiltrating to
groundwater. Multiple lines of evidence, including review of pH changes and geochemical evaluation

13
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of changes in concentration of multiple analytes, will be used to validate any suspected indicators of
effects from mixing.

A number of constituents have been identified as having ‘'medium or low’ suitability. Medium
suitability results are generally due to nonparametric distributions or low detection frequencies.
Power value thresholds have generally been met, and confidence is over 99% in each case. On this
basis, medium suitability rated results are considered acceptable for use as environmental
thresholds. Low suitability ratings are limited to cases where the power values are lower than the
USEPA (2009) specifications which is attributed to lognormal distributions and larger variance in
natural background groundwater quality impacting the distribution for these analytes. These values
are still suitable for use but must be considered in the context of the results for other constituents
which have UPLs with a high and medium suitability rating. Where UPLs have a low suitability rating
and conflict with the findings for constituents with a high and medium rating then the constituents
with a higher rating should be relied upon for assessment and/or a weight of evidence applied in a
more detailed assessment.

Conclusions

Results from 82 samples which were collected from 21 monitoring wells located across five specific
focus areas and screened across three aquifers were reviewed. Based on review of data consistency,
9 samples from 61419711, KW068D and KW035S were excluded from the dataset.

Environmental thresholds have been calculated based on baseline data within each aquifer;
incorporating nine wells in the Tamala Limestone, three wells in the Ascot Formation and seven
wells in the Bassendean/Gnangara Sands with a total of 73 samples, These background and
environmental threshold values have been calculated for portions of the aquifer not affected by
saline intrusion. For areas where saline intrusion is observed, higher concentrations of minor ions
will be observed (above these values).

All calculated UPLs have been determined to have acceptable suitability to be used as environmental
thresholds and are considered suitable for detecting changes in conditions over time. Where the
suitability of the UPL is low, this should be considered when assessing exceedances in accordance
with the framework described in Section 6 above. Thresholds calculated may not fully capture the
range of normal seasonal and inter-annual variability associated with background conditions.

The environmental thresholds will be reviewed as part of any investigation to a potential material
change to groundwater in response to environmental monitoring.

14
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Appendix A Statistical Derivation Methodology

All statistical data analysis was completed using the statistical software R. UPLs were calculated
using the “EnvStats” package® which explains prediction limits as “A prediction interval for some
population is an interval on the real line constructed so that it will contain k future observations or
averages from that population with some specified probability (1 - a), where 0 < a < 1 and k is some
pre-specified positive integer. The quantity (1 — a) is called the confidence coefficient or confidence
level associated with the prediction interval.”

In the case of this assessment, k is equal to 2, indicating that results for two future sampling events
are to be within the UPL, It is expected that the prediction limit will be substantially higher than the
95" percentile when the data are highly variable (high standard deviation), lognormally distributed,
or nonparametrically-distributed with high values present in the dataset. The UPL for
nonparametrically distributed datasets is the maximum concentration.

The guidance (USEPA, 2009) suggests that a minimum of at least 8 to 10 independent background
observations be collected before running most statistical tests as this allows for minimally
acceptable estimates of variability and evaluation of trend and goodness of fit.

Statistical power is the probability of correctly detecting a change of a specified magnitude and is
distinct from the false positive rate (USEPA, 2009). The statistical power of UPLs is improved with
larger sample sizes which has been achieved by incorporating four rounds of sampling data.

UPLs were derived using a re-sampling approach to maximise statistical power. In this context, re-

sampling indicates that a single sample with a concentration above the UPL will not be considered

an exceedance but will trigger a verification sampling event. If the concentration in the verification
sample is also above the UPL the results will be considered an exceedance.

Outher and Variance Assessment

Removal of outliers from baseline data is critical for development of reliable thresholds (USEPA,
2009). USEPA (2009) notes that if an outlier value with much higher concentration than other
background observations is not removed from background prior to statistical testing, it will tend to
increase both the background sample mean and standard deviation. In turn, this may substantially
raise the magnitude of a parametric prediction limit calculated from that sample and limit its ability
to detect changes.

To assess presence of outliers, results were pooled for each aquifer unit and log-transformed box
plots reviewed for each analyte to identify potential outlying results greater than 1.5 times the
interquartile range (IQR) from the median result. The following two questions were considered:

e Are there individual wells that are clearly different from the rest of the aquifer, potentially
indicating that the location is not representative of the regional background?

e Are there individual data points that are clearly different from other samples, potentially
indicating artifacts?

1 Refer to the description of “predintNorm” at |
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Where either of the above conditions were identified, results were removed from the dataset. These
instances are outlined in Table A-1 below. These identified outlier results were excluded from UPL
calculation.

Table A-1 Summary of Outliers
Location Aquifer Action and Rationale
KW068D Tamala All results removed (4 samples)
Limestone Multiple analytes consistently above remaining background locations indicating

results are not representative of regional background. Additionally, elevated EC
indicates that the location is not truly representative of background within the
fresh portions of the Tamala Limestone aquifer and may be impacted by other
activities and/or saline intrusion.

KW035S Tamala All results removed (4 samples)

Limestone Alkalinity, methane, sodium, fluoride and metals (arsenic, molybdenum,
selenium} above remaining background wells. Analytes are indicative of
potential anthropogenic impacts.

61419711 Bassendean | Round 1 Sample removed

/ Gnangara Initial sample electrical conductivity substantially higher than remaining results
Sand indicating potential artifacts with the individual sample. Remaining samples are
similar to other wells and therefore included in the dataset.

It is noted that there are statistical tests for identifying outliers (e.g. Dixon’s Q-Test and Rosner’s
Test); however, these are not appropriate for the dataset. Dixon’s test only identifies single outliers
and is therefore unreliable where clustered outliers are present (i.e., KW068D results where 4
samples are elevated compared to other monitoring wells). Rosner’s Test is able to detect multiple
outliers, however, it requires a normally distributed dataset. The majority of the analytes have non-
parametric datasets and therefore use of either test is not considered to be valuable.

The remaining data is considered suitable for the development of environmental thresholds. This
includes elevated results for boron and phosphorus at SP1-1D which appears to be representative of
variance within background groundwater quality as remaining analytes are consistent with the
background dataset for the Bassendean / Gnangara Sands. Variance of the Tamala Limestone
dataset, following removal of outliers, is visualised in Figure A-1.

Following removal of outliers, data were statistically assessed using an ANOVA or Kruskal-Wallis test
(depending on distribution) and associated post-hoc tests (Tukey HSD or Dunn Test, depending on
distribution) to confirm whether data could be pooled across wells within each aquifer unit.
Statistical testing for normality and consistency between wells was conducted with an a (significance
level) of 0.01,

Over 70% (Ascot Formation and Bassendean / Gnangara Sands) or 80% (Tamala Limestone) of
analytes for each aquifer indicated that pooling between all wells within that aquifer is appropriate.
Given that the analysis is conservative due to the high number of tests and subsequently high false
positive rate, this is considered acceptable for pooling. Where testing indicates significant
differences between the concentrations in certain wells for an analyte, this is attributed to the
natural variation in background conditions and therefore results are retained in the aquifer group for
development of UPLs,



Proposed Background Environmental Monitoring Thresholds

19 November 2025

~ Arsenc, Soluble (mgiL) ‘Bariur, Solugle (mgll.| Calcum, dissalved (mgll)
0,501 050+ 0504
0251 025+ 0251
u.m-”a e . . uw-*o s § o uou-% T
0254 025+ 075+
0504 : - : 0804 - : — | 0807 : -

0,000 0,025 0,080 0075 0,100 005 040 015 020 180 200 300
Cerium (mgil) Chiorice iAs CI) (mglL| Electrical Canductivity (uSicm)
0501 050+ 050+
0.25+ 025+ 0254
ooc{fo8@e  we o 000 [38@eQ eedecce e o oooqecd BEf feecet
0,254 025+ 0254
0504, . ; ~loomed .- - - . - -|-050% : :
nea 001 002 003 100 150 200 250 300 500 1000 1500

 Molybdenum, Soluble (mgit ) Nitrogen {mgiL) ' ORP (m\)
050 080 050+
0.2 025+ 0254
0.00 4 B-. eo e 000<fe EE Pl wmEfo 00i{ose eofffone o o
-0.25+ -0.25+ 025+
-om z Al A A -0 m 1 T \J -o SCI L ¥ ¥ v T T

0002 0004 0008 0 5 10 100 150 200 250 300
pH [5U) Selenum, dissolved (mgll) ‘Sodum, dissolvad (mgh )

0.50- 060~ 0501
0.254 025+ 0254
0004 e o feofcfooo 000+ feBosoel o o | 000 a§ Foide 080 o
025 025+ 0251
0504 : : | 0804 : . oso{__ ; ;

65. 710 75 80 n001 0002 0003 50 00 150

Total Carbon (mg/L) ~ Zinc, dissolved (mgiL)
0.5 0,504
0254 n254
000 4BBPo0 00 0| 0004 Nu °
0,254 .0.25 4
0.501 ¥ ¥ T T 0.604 T T T T T
50 100 150 200 250 000 001 002 003 0.4
Result Value
Figure A-1 Tamala Limestone Well Parameter Distribution

Suitability Assessment

After calculation of summary statistics, the suitability of reliance on each tested analyte for
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environmental threshold development was assessed based on criteria developed following guidance
in USEPA (2009). Multiple factors were assessed to determine suitability; these factors are
summarised in Table A-2. The results of suitability assessment are shown in Table A-3 to Table A-5
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for each aquifer unit, Consideration of all of the following factors has been used to detarmine the
overall suitability of each UPL:

1. Detection frequency — infrequently detected analytes are generally not suitable for
statistical assessment but may be used qualitatively to supplement statistical analyses. In
order to improve suitability, as a conservative measure, all non-detect results have been
included at the detection limit to provide sufficient data for the assessment. Therefore, UPLs
with low detection frequency may still have high overall suitability, depending on the other
factors.

2. Data distribution (a = 0.01) = normally-distributed parameters lead to the most statistically
powerful UPLs, and therefore highest suitability, although UPLs can be developed for
lognormal and nonparametric distributions.

3. Statistical power - statistical power of UPLs was assessed using benchmarks from USEPA (2009)
of at least 55 percent power to detect a three standard deviation increase in concentrations and
at least 80 percent power to detect a four standard deviation increase in concentrations.

4. Confidence value of the UPL. Note that confidence values for normal and lognormal
distributions are set to 99% as part of the derivation and are calculated for non-parametric
distributions. All non-parametric UPLs had a confidence level >99% based on the sample size.

5. Results of the ANOVA /Kruskal-Wallis test and associated post-hoc testing. Analytes where
significantly different variance was identified have lower suitability than analytes where
variance is statistically similar.

Table A-2 Suitability Definitions

Factor Suitability Description
High Moaore than 10 samples
Sample Count Medium 8 to 10 samples
Low Fewer than 8 samples
High | Greater than 70 percent
Percent Detect Meditim 50 to 70 percent
Low Less than 50 percent
High Normal distribution
Distribution Medium Lognormal distribution
Low Nonparametric distribution
High 3 SD greater than 55 percent; 4 SD greater than 80 percent
Power Medium 3 SD greater than 40 percent; 4 SD greater than 55 percent
Low 3 SD less than 40 percent; 4 SD less than 55 percent
High Greater than 95 percent
Confidence Medium 90 to 95 percent
Low Less than 20 percent

Power, sample count, and confidence have high suitability ratings; detection
High frequency, distribution and statistical support to combine wells may have
medium to low suitability.

Qverall Sultabulity Power, sample count, and confidence have high suitability ratings; detection

o S
elam frequency and distribution both have low suitability.

Low Power, sample count, or confidence have medium or low suitability ratings.
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Table A-3 Suitability of Data for Statistical Analysis — Tamala Limestone
| - . Statsicl
Ansigte Faction | P | et | Distribution (:?;;a) (sm;) KO mﬂ' m
wellsh
Alkalinity, Bicarbonate (As CaCO;) T 31 100% Normal 89% 99% 99% Ne High
Alkalinity, Total (As CaCOs) T 31 100% Normal 89% 99% 99% No High
Aluminium D 31 9% Nonparametric 67% 94% >99% Yes Medium
Aluminium T 3 97% Lognormal 3% 44% 99% No Low
Ammonia as N T, 31 56% Nonparametric 67% 94% >99% Yes High
Antimony D 31 3% Nonparametric 67% 94% >99% Yes Medium
Antimony T 31 9% Nonparametric 67% 94% >99% Yes Medium
Arsenic D 31 30% Nonparametric 67% 94% >99% Yes High
Arsenic T 31 97% Lognormal 3% 42% 99% No Low
Barium D 31 100% Nonparametric 67% 94% >99% Yes High
Barium T 31 100% Nonparametric 67% 94% >99% Yes High
Biochemical Oxygen Demand (BOD) T 3 47% Nonparametric 67% 94% >99% Yes Medium
Boron D 31 94% Lognormal 44% 59% 99% Ne Medium
Boron T 31 94% Lognormal 43% 4% 99% Ne Medium
Cadmium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Calcium D 31 100% Nonparametric 67% 94% >99% Yes High
Cerium D 31 3% Nonparametric 67% 94% >99% Yes Medium
Cerium T 31 72% Nonparametric 67% 94% >99% Yes High
Chloride (As Cl) T, a1 100% Normal 89% 99% 99% Yes High
Chromium T 31 81% Lognormal 35% 46% 99% Yes Low
Chromium, total D 31 6% Nonparametric 67% 94% >99% Yes Medium
Cobalt T 31 16% Nenparametric 67% 94% >99% Yes Medium
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wells?
COD - Chemical Oxygen Demand T 31 13% Nonparametric 67% 94% >99% Yes Medium
Copper D 31 53% Nenparametric 67% 94% >99% Yes High
Copper T 31 6% Nonparametric 67% 94% >99% Yes High
Cyanide T 31 3% Nenparametric 67% 94% >99% Yes Medium
Dysprosium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Ferrous iron T 31 3% Nonparametric 67% 94% >99% Yes Medium
Fluoride T 31 47% Nonparametric 67% 94% >99% Yes Medium
Gadolinium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Gallium T 31 13% Nonparametric 67% 94% >99% Yes Medium
Gross alpha particle activity T 31 91% Lognormal 41% 54% 99% Yes Low
Gross beta particle activity T 31 75% Nonparametric 67% 94% >99% Yes High
Hardness (As CaCO3) D 31 100% Nenparametric 67% 94% >99% Yes High
Iron D 31 19% Nonparametric 67% 94% >99% Yes Medium
Iron T 31 100% Lognormal 2% 40% §9% No Low
Lanthanum D 31 3% Nonparametric 67% 94% >99% Yes Medium
Lanthanum T 31 72% Nonparametric 67% 94% >89% Yes High
Lead T 31 38% Nonparametric 67% 94% >99% Yes Medium
Lithium D 31 34% Nenparametric 67% 94% >99% Yes Medium
Lithium T 31 66% Nonparametric 67% 94% >99% Yes High
Magnesium D 31 100% Nenparametric 67% 94% >99% Yes High
Manganese D 31 36% Nonparametric 67% 94% >99% Yes High
Manganese T 31 100% | Lognormal 35% 46% 99% Yes Low
Mercury T 31 16% Nonparametric 67% 94% >99% Yes Medium
Molybdenum D 31 41% Nonparametric 67% 94% >99% Yes Medium
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Molybdenum T 31 41% Nonparametric 67% 94% >99% Yes Medium
Neodymium T 31 50% Nenparametric 67% 94% >99% Yes High
Nickel D 31 16% Nonparametric 67% 94% >99% Yes Medium
Nickel T 31 47% Nonparametric 67% 94% >99% Yes Medium
Nitrate T 31 100% Normal 89% 99% 99% No High
Nitrate as N T 31 97% Normal 89% 99% 99% No High
Nitrate as N + nitrite as N, preserved T 31 100% Normal 89% 99% 99% Na High
Nitrite T 31 22% Nonparametric 67% 94% >99% Yes Medium
Nitrite as N T 31 25% Nonparametric 67% 94% >99% Yes Medium
Nitrogen T 31 100% | Normal 89% 99% 99% No High
pH T 31 100% Nonparametric 67% 94% >99% Yes High
Phosphate as P T 31 91% Normal 89% 99% 99% Yes High
Phosphorus T 31 56% Nonparametric 67% 94% >99% Yes High
Potassium D 31 100% Normal 89% 99% 99% Yes High
Praseodymium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Rubidium D 31 100% Lognormal 54% 72% 99% No Medium
Rubidium T 31 100% Normal 89% 99% 99% Na High
Samarium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Scandium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Selenium D 31 81% Nonparametric 67% 94% >99% Yes High
Selenium T 31 75% Normal 89% 99% 99% Ne High
Silicon D 31 100% Normal 89% 99% 99% No High
Silicon T 31 100% Normal 89% 99% 99% Yes High
Sodium D 31 100% Normal 89% 99% 99% No High
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Sodium Adsorption Ratio T 31 100% Normal 89% 99% 99% Ne High
Strantium D 31 100% Nonparametric 67% 94% >99% Yes High
Strontium T 31 100% Nonparametric 67% 94% >99% Yes High
Sulfate (As S04) T 31 100% Nenparametric 67% 94% >99% Yes High
Sulfur D 31 100% Nonparametric 67% 94% >99% Yes High
Sulfur T 31 100% Nonparametric 67% 94% >99% Yes High
Sum of alpha and beta particle activity T 31 100% Lognormal A0% 53% 99% Yes Low
Thorium D 31 3% Nonparametric 67% 94% >99% Yes Medium
Thorium T 31 38% Nonparametric 67% 94% >99% Yes Medium
Tin D 31 3% Nonparametric 67% 94% >99% Yes Medium
Tin T 31 3% Nonparametric 67% 94% >99% Yes Medium
Titanium T 31 2% Nonparametric 67% 94% >99% Yes High
Total Carbon T 31 100% Nonparametric 67% 94% >99% Yes High
Total Dissolved Solids T 31 100% Lognormal 56% 74% 99% No Medium
Total Inorganic Carbon T 31 100% Nonparametric 67% 94% >99% Yes High
Total Kjeldahl Nitrogen as N T 31 81% Lognormal 39% 52% 99% Yes Low
Total Organic Carbon T 31 56% Nonparametric 67% 94% >99% Yes High
Total Suspended Solids T 31 88% Loghormal 38% 43% 99% Ne Low
Tungsten D 31 59% Nonparametric 67% 94% >99% Yes High
Tungsten 37 31 5% Nonparametric 67% 94% >99% Yes Medium
Uranium T 31 9% Nonparametric 67% 94% >99% Yes Medium
Vanadium D 31 28% Nenparametric 67% 94% >99% Yes Medium
Vanadium T 31 94% Lognormal 38% 50% 99% Yes Low
Yttrium D 31 3% Nonparametric 67% 94% >99% Yes Medium
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" L Sample | Percent . Power Power . support for Overall
Analyte Fraction | Detect Distribution (%,35D) | (%,45D) Confidence® smbining Suitability
‘wells? '
Yttrium T 31 56% Nonparametric 67% 94% >99% Yes High
Zinc D 31 78% Nonparametric 67% 94% >99% Yes High
Zinc T 31 97% Legnormal 34% 44% 99% Yes Low
Table Notes:

* Confidence only applicable to analytes with nonparametric distributions. Confidence for normal and lognormal distributions are all 99%.

ABased on ANOVA or Kruskal-Wallis test with p >0.01

- Colour indicates suitability for development of thresholds. Green = acceptable quality; Crange - potentally acceptable guality; Red = low quality.

- Power (%, 3 5D} denotes the statistical power of a 99% prediction limit with resampling to detect a three standard deviation change in the mean concentration.
- Power (%, 4 SD) denotes the statistical power of a 99% prediction limit with resampling to detect a four standard deviation change in the mean concentration.




Proposed Background Environmental Monitoring Thresholds ﬁ
19 November 2025 ¢

Table A4 Suitability of Data for Statistical Analysis — Ascot Formation

Analyte Fraction | SaPe | "eet | pigtribution | POVST | POMET | confidence® ety ot
Alkalinity, Bicarbonate (As CaCO3) T 12 100% | Narmal 84% 98% 99% No High
Alkalinity, Total (As CaCO3) T 12 100% | Normal 84% 98% 99% No High
Aluminium D 12 8% Nonparametric 81% 97% 9%% Yes Medium
Aluminium T 12 100% Lognarmal 33% 44% 95% No Low
Ammonia as N T 12 62% | Lognormal 30% 40% 99% Yes Low
Antimony D 12 8% Nonparametric 81% 97% 99% Yes Medium
Antimony T 12 8% Nonparametric 81% 97% 9% Yes Medium
Arsenic D 12 46% Nonparametric 81% 97% 99% Yes Medium
Arsenic T: 12 100% Lognarmal 39% 53% 95% Yes Low
Barium D 12 100% | Nanparametric 81% 97% 95% Yes High
Barium T 12 100% | Nonparametric 81% 97% 95% Yes High
Biochemical Oxygen Demand (BOD) T 12 54% Naonparametric 81% 97% 89% Yes High
Boron D 2 54% Nonparametric 81% 97% 98% Yes High
Boron T 12 54% Nonparametric 81% 97% S9% Yes High
Calcium D 12 100% Nonparametric 81% 97% 99% Yes High
Cerium -E 12 54% Nonparametric 81% 97% 99% Yes High
Chloride (As Cl) T 12 100% Normal 84% 98% S9% No High
Chromium T 12 54% Nanparametric B1% 97% 99% Yes High
Cobalt D 12 15% Nonparametric 81% 97% 99% Yes Medium
Cobalt T 12 31% Nonparametric 81% 97% 99% Yes Medium
COD - Chemical Oxygen Demand T 12 15% Nonparametric 81% 97% 99% Yes Medium
Copper D 12 85% Lognormal 31% 41% 99% Yes Low
Copper 'E 12 77% Lognormal 31% 41% 99% No Low
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Analyte Fracion | SooiPe | TS | Distribution | SONST phaspy | Confdence® e | mi.., I""m
Cyanide T 12 15% Nonparametric 81% 97% a8% Yes Medium
Ferrous Iron T 12 46% Nonparametric 81% 97% 99% Yes Medium
Fluoride T 12 8% Nonparametric 81% 97% 99% Yes Medium
Gross alpha particle activity T 12 92% Normal 84% 98% 99% Yes High
Gross beta particle activity T 12 77% Normal 84% 98% 99% Yes High
Hardness (As CaCO3) D 12 100% Nonparametric 81% 97% 9%% Yes High
Iron D 12 62% Lognormal 27% 35% 99% Yes Low
Iron T, 12 100% l.ognormal 32% 42% 99% Yes Low
Lanthanum T 12 31% Nonparametric 81% 97% 99% Yes Medium
Lead T 12 63% Narmal 84% 98% 99% No High
Lithium D 12 31% Naonparametric 81% 97% 99% Yes Medium
Lithium T 12 92% Naormal 84% 98% 99% Yes High
Magnesium D 12 100% Normal 84% 98% 99% No High
Manganese D 12 100% Lognormal 31% 41% 99% No Low
Manganese T 12 100% | Lognormal 32% 42% 99% No Low
Methane T 12 23% Nonparametric 81% 97% 99% Yes Medium
Molybdenum D 12 23% Nonparametric 81% 97% 99% Yes Medium
Molybdenum T 12 8% Naonparametric 81% 97% 99% Yes Medium
Neodymium ¥ 12 31% Nonparametric 81% 97% 99% Yes Medium
Nickel D 12 31% Nonparametric 81% 97% 99% Yes Medium
Nickel T 12 46% Nonparametric 81% 97% 99% Yes Medium
Nitrate T 12 100% Legnormal 31% 41% 99% No Low
Nitrate as N T 12 100% Lognormal 31% 41% 95% No Low
Nitrate as N + nitrite as N, preserved T 12 100% | lognormal 31% 4% 99% No Low
Nitrite T 12 46% Nonparametric 81% 97% 99% Yes Medium
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Analyte Fracion | SooiPe | TS | Distribution | SONST phaspy | Confdence® e | mi.., I""m
Nitrite as N T 12 46% Nonparametric 81% 97% a8% Yes Medium
Nitrogen T 12 100% Nonparametric 81% 97% 99% Yes High
pH T 12 100% Normal 84% 98% 99% Yes High
Phosphate as P T 12 69% Normal 84% 98% 99% Yes High
Phosphorus T 12 31% Nonparametric 81% 97% 99% Yes Medium
Potassium D 12 100% Lognormal 43% 59% 9%% Yes Medium
Rubidium D 12 100% | Normal 84% 98% 99% Yes High
Rubidium T. 12 100% | Normal 84% 98% 99% Yes High
Selenium T 12 8% Nonparametric 81% 97% 99% Yes Medium
Silicon D 12 100% | Normal 84% 98% 99% Yes High
Silicon T 12 100% Normal 84% 98% 99% Yes High
Sodium D 12 100% | Normal 84% 98% 99% No High
Sodium Adsorption Ratio T 12 100% Normal 84% 98% 99% No High
Strontium D 12 100% Nonparametric 81% 97% 99% Yes High
Strontium T 12 100% | Nonparametric 81% 97% 99% Yes High
Sulfate (As S0O4) T 12 100% Lagnormal 39% 54% 99% No Low
Sulfur D 12 100% Lognormal 40% 55% 99% No Medium
Sulfur T 12 100% | Lognormal 40% S5% 99% No Medium
Sum of alpha and beta particle activity ¥ 12 100% | Normal 83% 98% 99% Yes High
Thallium D 12 23% Nonparametric 81% 97% 99% Yes Medium
Thallium T 12 31% Nonparametric 81% 97% 99% Yes Medium
Thorium D 12 8% Nonparametric 81% 97% 99% Yes Medium
Thorium T 12 31% Nonparametric 81% 97% 95% Yes Medium
Titanium T 12 100% |.ognormal 33% 44% 99% No Low
Total Carbon T 12 100% | Normal 84% 98% 99% No High
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Analyte Fraction  SoPle betecs | Disribution || SO | PO | Confidence e | °"°""I i,

:"::::a%if:;""ed Saligs {Residye; T e 100% | Normal 84% 98% 99% No i

Total Inorganic Carbon T 12 100% | Normal 84% 98% 99% No High

Total Kjeldahl Nitrogen as N T 12 92% Normal 84% 98% 98% No High

Total Organic Carbon T 12 62% lL.ognormal 39% 53% 99% No Low

Total Suspended Solids T 12 54% Legnormal 34% 46% 59% Yes Low

Tungsten D 12 38% Nanparametric 81% 97% 9G9% Yes Medium

Vanadium T 12 77% Nonparametric 81% 97% 99% Yes High

Yttrium T 12 31% Nonparametric 81% 97% 99% Yes Medium

Zinc D 12 100% Legnormal 32% 43% 99% No Low

Zinc T 12 I 100% Lognormal 30% 40% 99% ND Low

Table Notes:

* Confidence only applicable to analytes with nonparametric distributions. Confidence for normal and lognormal distributions are all 99%.
ABased on ANOVA or Kruskal-Wallis test with p > 0.01
- Colour indicates suitability for development of thresholds. Green = acceptable quality; Orange = potentially acceptable quality; Red = low quality.
- Power (%, 3 SD) denotes the statistical power of a 99% prediction limit with resampling to detect a three standard deviation change in the mean concentration.
- Power (%, 4 SD) denotes the statistical power of a 99% prediction limit with resampling to detect a four standard deviation change in the mean concentration.
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Table A-5 Suitability of Data for Statistical Analysis — Bassendean Sand / Gnangara Sand

Statistical
Analyte Fraction | Sgee | 'S | pistibution | SONET | POWSL | confidence® m e
wells”
Alkalinity, Bicarbonate (As CaC0O3) T 30 100% Lognormal 41% 54% 99% No Low
Alkalinity, Carbonate (As CaCO3) T 30 3% Nonparametric 68% 94% >99% Yes Medium
Alkalinity, Total (As CaCO3} T 30 100% Lognormal 1% 54% 99% No Low
Aluminium D 30 70% Nonparametric 68% 94% >99% Yes High
Aluminium T 30 100% Lognormal 37% 49% 99% Yes Low
Ammonia as N T 30 100% Lognormal 41% 55% 99% No Medium
Antimony T 30 3% Nonparametric 69% 94% >99% Yes Medium
Arsenic D 30 30% Nonparametric 68% 94% >99% Yes Medium
Arsenic T 30 62% Nonparametric 69% 94% >99% Yes High
Barium D 30 100% Lognormal 4a5% 603 99% No Medium
Barium it 30 100% Lognormal A6% 61% 99% No Medium
Biochemical Oxygen Demand (BOD) T 30 53% Nonparametric 68% 94% >99% Yes High
Boron D 30 57% Nonparametric 68% 94% >99% Yes High
Boron T 30 59% Nonparametric 69% 94% >99% Yes High
Cadmium D 30 7% Nonparametric 68% 94% >99% Yes Medium
Cadmium T 30 7% Nonparametric 69% 94% >99% Yes Medium
Calcium D 30 100% Lognormal 42% 56% 99% No Medium
Cerium D 30 27% Nonparametric 68% 94% >99% Yes Medium
Cerium T 30 72% Nonparametric 69% 94% >99% Yes High
Chloride (As Cl) T 30 100% | Normal 89% 99% 99% No High
Chromium il 30 90% Nonparametric 69% 94% >99% Yes High
Chromium, total D 30 33% Nonparametric ©8% S4% >99% Yes Medium
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Statistical
bukscia Faction | COne | e | Disnbetion | SRS | asp) | Comdenes” | CPR | simabaiy
wells®
Cobalt D 30 10% Nonparametric 68% 94% >99% Yes Medium
Cobalt T 30 10% Nonparametric 69% 94% >99% Yes Medium
COD - Chemical Oxygen Demand T 30 43% Nonparametric 68% 94% >99% Yes Medium
Copper D 30 67% Nonparametric 68% 94% >99% Yes High
Copper T 30 62% Nonparametric 639% 94% >39% Yes High
Cyanide T 30 7% Nonparametric 68% 94% >99% Yes Medium
Ferrous Iran T 30 73% Lognormal 38% 50% 99% Yes Low
Fluoride T 30 30% Nonparametric 68% 94% >99% Yes Medium
Gadolinium T 30 3% Nonparametric 69% 94% >99% Yes Medium
Gross alpha particle activity T 30 77% Lognormal 37% 48% 99% No Low
Gross beta particle activity T 30 70% Normal 89% 99% 99% Yes High
Hardness (As CaCO3) D 30 100% Nonparametric 68% 94% >99% Yes High
Iron o) 30 100% Lognormal 39% 52% 99% Yes Low
Iron T 30 100% Lognormal A% 53% 59% No Low
Lanthanum D 30 30% Nonparametric 68% 94% >99% Yes Medium
Lanthanum T 30 72% Lognormal 40% 53% 99% Yes Low
Lead D 30 7% Nonparametric 68% 94% >99% Yes Medium
Lead T 30 62% Nonparametric 69% 94% >99% Yes High
Lithium D 30 S0% Nonparametric 68% 94% >99% Yes High
Lithium T 30 62% Nonparametric 69% 94% >99% Yes High
Magnesium D 30 100% Normal 89% 99% 99% No High
Manganese D 30 S7% Nonparametric 68% 94% >99% Yes High
Manganese T 30 100% Lognormal 48% B5% 99% No Medium
Mercury T 30 3% Nonparametric 69% 94% >99% Yes Medium
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Statistical
okl Fracion | GC | e | Diwbution | SRS | raeny | Confdencet | TR | somaniy
wells®
Methane T 30 33% Nonparametric 68% 94% >99% Yes Medium
Molybdenum D 30 10% Nonparametric 68% 94% >09% Yes Medium
Molybdenum T 30 7% Nonparametric 69% 94% >09% Yes Medium
Neodymium D 30 7% Nonparametric 68% 94% >99% Yes Medium
Neodymium T 30 41% Nonparametric 69% 94% >99% Yes Medium
Nickel D 30 27% Nonparametric 68% 94% >99% Yes Medium
Nickel T 30 52% Nonparametric 69% 94% >99% Yes High
Niobium T 30 3% Nonparametric 69% 94% >99% Yes Medium
Nitrate T 30 77% Lognormal 32% 41% 99% No Low
Nitrate as N T 30 77% Lognormal 32% 41% 99% No Low
Nitrate as N + nitrite as N, preserved T 30 77% Lognormal 32% 41% 99% No Low
Nitrite T 30 17% Nonparametric 68% 94% >99% Yes Medium
Nitrite as N T 30 23% Nonparametric 68% 94% >99% Yes Medium
Nitrogen T 30 100% Lognormal 39% 52% 59% No Low
N-Nitrosodimethylamine T 30 10% Nonparametric 68% 949% >99% Yes Medium
pH T 30 100% Normal 89% 99% 99% No High
Phosphate as P T 30 73% Nonparametric 68% 94% >99% No High
Phosphorus T 30 53% Nonparametric 68% 94% >99% Yes High
Potassium D 30 100% Nonparametric 68% 94% >99% Yes High
Praseodymium T 30 3% Nonparametric 69% 94% >99% Yes Medium
Rubidium D 30 100% Nonparametric 68% 94% >99% Yes High
Rubidium T 30 100% Nonparametric 65% 94% >99% Yes High
Selenium D 30 7% Nonparametric 68% 94% >99% Yes Medium
Selenium T 30 17% Nonparametric 69% 94% >99% Yes Medium
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Statistical
okl Fracion | GC | e | Diwbution | SRS | raeny | Confdencet | TR | somaniy
wells®
Silicon D 30 100% Normal 89% 99% 99% No High
Silicon T 30 100% | Normal 83% 99% 99% No High
Sodium D 30 100% | Normal 89% 99% 99% No High
Sodium Adsorption Ratio T 30 100% Nonparametric 68% 94% >99% Yes High
Strontium D 30 100% Lognormal 39% 52% 99% No Low
Strontium T 30 100% Lognormal 39% 51% 99% No Low
Sulfate (As SO4) T 30 S0% Normal 89% 99% 99% No High
Sulfide T 30 10% Nonparametric 68% 94% >99% Yes Medium
Sulfur D 30 80% Normal 89% 99% 99% No High
Sulfur T 30 97% Normal 89% 99% 99% No High
Sum of alpha and beta particle activity T 30 100% Lognormal 40% 53% 99% Yes Low
Thallium D 30 10% Nonparametric 68% 94% >99% Yes Medium
Thallium T 30 14% Nonparametric 69% 94% >99% Yes Medium
Thorium D 30 7% Nonparametric 68% Q4% >99% Yes Medium
Thorium T 30 a1% Nonparametric 69% 94% >99% Yes Medium
Tin T 30 3% Nonparametric 69% 94% >99% Yes Medium
Titanium D 30 10% Nonparametric 68% 94% >99% Yes Medium
Titanium T 30 83% Nonparametric 69% 94% >99% Yes High
Total Carbon T 30 100% Lognormal 46% B2% 59% No Medium
Total Dissolved Solids iT 30 100% Normal 89% 99% 99% Yes High
Total Inorganic Carbon 15 30 100% Lognormal 40% 54% 99% No Low
Total Kjeldahl Nitrogen as N T 30 93% Lognormal 43% 58% 99% No Medium
Total Organic Carbon T 30 100% Lognormal 41% 55% 99% No Medium
Total Suspended Solids T 30 87% Lognormal 42% 56% 99% Yes Medium
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Statistical
iz rction | e | e | Sewbuton | ST | asny | et | S | sohebmy
wells®
Tungsten D 30 57% Nonparametric 68% 94% >99% Yes High
Tungsten T 30 10% Nonparametric 69% 94% >99% Yes Medium
Vanadium D 30 60% Nonparametric 68% 94% >99% Yes High
Vanadium T 30 100% Lognormal 38% 51% 99% No Low
Yttrium D 30 27% Nonparametric 68% 94% >39% Yes Medium
Yttrium T 30 41% Nonparametric 69% 94% >99% Yes Medium
Zinc D 30 97% Lognormal 42% 56% 99% Yes Medium
Zinc T 30 100% Lognormal 35% 45% 99% Yes Low

Table Notes:

* Confidence only applicable to analytes with nonparametric distributions. Confidence for normal and lognormal distributions are all 99%.

~Based on ANOVA or Kruskal-Wallis test with p >0.01

- Colour indicates suitability for development of thresholds. Green = acceptable quality; Orange = potentially acceptable qualiny; Red = low guality.

- Power (%, 3 SD) denates the statistical power of a 99% prediction limit with resampling to detect a three standard deviation change in the mean concentration.
- Power (%, 4 SD) denotes the statistical power of a 99% prediction limit with resampling to detect a four standard deviation change in the mean concentration.
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Appendix B Comparison of Initial and Revised Prediction Limits

Initial Upper Prediction Limits (UPLs) were calculated based on three rounds of sampling data. Given
the limited dataset, quantitative analysis of variance could not be completed previously, as noted in
Revision 2 of this document. A summary of initial UPLs compared to revised UPLs is provided in
Table B-1.

Note that the initial calculation of the UPLs was based on a qualitative outlier and variance
assessment. The completion of the fourth round provided sufficient sampling rounds for a
quantitative assessment. Quantitative assessment resulted in the exclusion of additional results
from the dataset which resulted in a significant decline in the UPLs for certain analytes, Other
analytes, not affected by this change, exhibited a smaller quantum of variation (both positive and
negative) reflective of adding a further round of sampling to a dataset. The net result of the
additional sampling round and the application of quantitative outlier assessments have provided
significant improvements in the confidence level and suitability of the UPLs for application.

It is unlikely that similar substantial revisions of UPLs will occur as future monitoring events are
added to the UPL dataset as the variance within the data sets are constrained, quantitative outlier
analysis and exclusion has been completed and revised UPLs are now confirmed to be of acceptable
quality.
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Table B-1 Comparison of Initial and Revised PLs
Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
Ansiye Fractian, | URR. | osial bt “‘J:_" Difference | initialupL | "eY5ed | pitference | inatlupL | "M | oifference

Alkalinity, Bicarbonate {As CaCO3) T mg/L 890 295 -595 571 349 -222 726 167 -559
Alkalinity, Carbonate (As CaC03) T mg/L -- - - - -- - 55 5.5 0
Alkalinity, Total (As CaC0O3) T mg/L 890 295 -595 571 349 222 726 167 -559
Aluminium D mg/L 0.032 0.04 0.008 0.032 0.03 -0.002 0.6 0.6 0
Aluminium T mg/L 22.464 2 -20.464 1.075 0.64 -0.435 6.854 1.2 -5.654
Ammonia as N T mg/L 0.32 0.18 0.14 1.947 0.11 -1.837 0.62 0.51 -0.11
Antimony D mg/L 0.0028 0.003 0.0002 0.0017 0.002 0.0003 = = @
Antimony T mg/L 0.0023 0.002 -0.0003 0.002 0.002 0 0.0015 0,002 0.0005
Arsenic D mg/L 0.13 0.03 01 0.0064 0.006 -0.0004 0.0024 0.002 -0.0004
Arsenic T mg/L 0.57 0.03 0.54 0.0232 0.006 -0.0172 0.006 0.006 0
Barium D mg/L 0.14 0.14 0 0.273 0.13 -0.143 0.224 0.09 -0.134
Barium T mg/L 0.21 0.21 0 0.175 0.13 -0.045 0.264 0.11 -0.154
Biochemical Oxygen Demand (BOD) | T mg/L 28 28 0 32.126 19 -13.126 20.795 62 41.205
Boron D mg/L 0.512 0.13 -0.382 0.11 0.11 0 11 1.1 0
Boron T me/L 0.226 0.13 -0.096 0.26 0.26 0 1.2 1.2 0
Cadmium D mg/L - - - - - - 0.00025 0.0002 -0,00005
Cadmium T mg/L 0.00016 0.0002 0.00004 - - - 0.0016 0.002 0.0004
Calcium D mg/L 330 350 20 263.521 130 -133.521 132.667 53.1 -79.567
Cerium D mg/L 0.0019 0.002 0.0001 - L - 0.003 0.003 0
Cerium T mg/L 0.0728 0.03 -0.0428 0.0069 0.007 0.0001 0.0183 0.01 -0.0083
Chloride (As Cl) T mg/L 267 222 -45 280.221 184 -96.221 140.63 121 -19.63
Chromium T mg/L 0.115 0.02 -0.095 0.0424 0.009 -0.0334 0.0321 0.02 -0.0121
Chromium, total D mg/L 0.0045 0.004 -0.0005 - - - 0.0026 0.003 0.0004
Cobalt D mg/L P - - 0.0011 0.001 -0.0001 0.0054 0.005 -0.0004
Cabalt T mg/L 0.0027 0.003 0.0003 0.0033 0.003 -0.0003 0.016 0.02 0.004
COD - Chemical Oxygen Demand T mg/L 0.33 330 329,67 0.023 23 22.977 0.084 100 99.916
Copper D mg/L 0.067 0.06 -0.007 0.382 0.03 -0.352 0.41 0.41 0
Copper [ T mg/L 0.089 0.09 0.001 0.0874 0.01 -0.0774 0.014 0.04 0.026
Cyanide | T mg/L 0.0044 0.004 -0.0004 0.021 0.02 -0.001 0.0082 0.008 -0.0002
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Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
gshie Fraction | Unit |\ itial UPL Rovised | bifference | itialupt | "¥Sed | pitference | mnitiatupL | "S5 | ifference
Dysprosium T mg/L 0.0016 0.002 0.0004 - -- - - - --
Ferrous lron T mg/L 0.14 0.14 0 75.96 4.3 -71.66 17.911 2.8 -15.111
Fluoride T mg/L 1.7 0.41 -1.29 04 04 (1] 0.28 0.28 0
Gadolinium T mg/L 0.0018 0.002 0.0002 - - - 0.0011 0.001 -0.0001
Gallium T mg/L 0.0021 0.002 -1E-04 - - - - - --
Gross alpha particle activity T Ba/L 0.39 0.18 0.21 0.37 0.2 -0.17 14 0.29 -1.11
Gross beta particle activity T Ba/L 0.32 0.32 0 0.21 0.13 -0.08 0.2 0.14 -0.06
Hardness (As CaCO3) D mg/L 960 1000 40 771,801 400 -371.801 200 250 50
Iron D mg/L 23 23 0 296 2 -294 4,506 35 -1.006
Iron T mg/L 186 16.8 -169.2 11 7.8 -3.2 25 7.8 -17.2
Lanthanum D mg/L 0.0012 0.001 -0.0002 - - - 0.0013 0.001 -0.0003
Lanthanum T me/L 0.0262 0.01 -0.0162 0.0034 0.003 -0.0004 0.0091 0.003 -0.0061
Lead | D mg/L - - - - - - 0.0012 0.001 -0.0002
Lead T mg/L 0.0059 0.006 0.0001 0.0051 0.003 <0.0021 0.0113 0.007 -0.0043
Lithium D mg/L 0.0031 0.003 -1E-04 0.0018 0.002 0.0002 0.0021 0.002 -1E-04
Lithium T mg/L 0.0039 0.004 0.0001 0.0031 0.002 -0.0011 0.0028 0.003 0.0002
Magnesium _ D mg/L 3 40 9 27 18.7 -8.3 24 16.2 -7.8
Manganese | D mg/L 0.032 0.03 -0.002 33 0.57 -32.43 0.0451 0.04 -0.0051
Manganese ' T mg/L 0.86 0.12 0.74 16 0.57 -15.43 0.0242 0.02 -0.0042
Mercury T mg/L 0.0027 0.003 0.0003 - - - 0.00007 0.000068 -2E-06
Methane T ne/L 14 - - 8.2 8.2 0 640 1300 660
Molybdenum D mg_/L 0.26 0.007 -0.253 0.0015 0.002 0.0005 0.0031 0.003 -1E-04
Molybdenum T mg/L 0.27 0.007 -0.263 0.0011 0.001 -0.0001 0.0024 0.002 -0.0004
Neodymium D mg/L - - - - - - 0.0014 0.001 -0.0004
Neodymium T mg/L 0.0084 0.008 -0.0004 0.003 0.003 0 0.0054 0.005 -0.0004
Nickel D mg/L 0.0021 0.002 -1E-04 0.0022 0.002 -0.0002 0.0037 0.01 0.0063
Nickel T mg/L 0.0051 0.005 -0.0001 0.0123 0.005 -0.0073 0.006 0.009 0.003
Niobium T mg/L - - - - - - 0.0012 0.001 -0.0002
Nitrate T mg/L 75 47.4 -27.6 9810 75.7 -9734.3 187 6.3 -180.7
Nitrateas N T mg/L 17 10.8 -6.2 2190 17.1 -21729 40 14 -38.6
Nitrate as N + nitrite as N, preserved T mg/L 17 10.8 -6.2 1877 16.6 -1860.4 41 14 -39.6
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Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
gshie Fraction | Unit |\ itial UPL Rovised | bifference | itialupt | "¥Sed | pitference | mnitiatupL | "S5 | ifference

Nitrite T mg/L 0.77 0.77 0 0.34 0.34 0 0.2 0.2 0
Nitrite as N T mg/L 0.23 0.23 0 0.1 0.1 0 0.05 0.05 0
Nitrogen T mg/L 18 115 -6.5 237 8.6 -228.4 11.129 2,7 -8.429
N-Nitrosodimethylamine T ne/L - -- - - - - 0.03 0.03 0
pH T suU 8 8.1 0.1 8.3 7.8 -0.5 9.2 8 -1.2
Phosphate as P T mg/L 0.183 0.03 -0.153 0.0643 0.03 -0.0343 14 15 0.1
Phosphorus T mg/L 2.7 2.7 0 0.11 0.11 0 22 23 0.1
Potassium D mg/L 13.5 10.1 -3.4 18.4 104 -8 413 18 -23.3
Praseodymium T mg/L 0.0023 0.002 -0.0003 = = = 0.0014 0.001 -0.0004
Rubidium D mg/l. 0.0142 0.01 -0.0042 0.009 0.007 -0.002 0.021 0.02 -0.001
Rubldium T mg/L 0.0151 0.01 -0.0051 0.0099 0.008 -0.0019 0.022 0.02 -0.002
Samarium T mg/L 0.0017 0.002 0.0003 - - - - - -
Scandium T mg/L 0.0013 0.001 -0.0003 - - - - - -
Selenium D mg/L 0.012 0.004 -0.008 - -- - 0.0018 0.002 0.0002
Selenium T mg/L 0.015 0.002 -0.013 0.0014 0.001 -0.0004 0.0052 0.005 -0.0002
Silicon D mg/L 6.6 5.4 -1.2 712 6.5 -0.62 8.5 6.6 -1.9
Silican T mg/L 853 6.6 -1.93 7.36 6.9 -0.46 9.52 7 -2.52
Sodium D mg/L 680 129 -551 156 106 -50 104 78.2 -25.8
Sodium Adsorption Ratio T - 20 29 -17.1 26 2.2 -0.4 61 45 -1.6
Strontium D mg/L 2.4 2.7 0.3 0.493 0.26 -0.233 1.021 0.28 -0.741
Strontium T mg/L 4.092 2.7 -1.392 0.507 0.28 -0.227 1.242 0.3 -0.942
Sulfate (As SO4) T mg_/L 640 640 0 721 188 -533 117 76.6 -40.4
Sulfide T mg/L - - - - - - 0.82 0.86 0.04
Sulfur D mg/L 200 200 ] 188 57.9 -130.1 41 26.7 -14.3
Sulfur T mg/L 200 200 0 78 58.2 -19.8 35 25.8 -13.2
Sum of alpha and beta particle activity T Ba/L 11 0.38 0.72 0.55 0.34 0.21 1.9 0.49 -1.41
Thallium D mg/L -- - - 0.0012 0.001 -0.0002 0.002 0.002 0
Thallium T mg/L - - - 0.0016 0.002 0.0004 0.003 0.003 0
Thorium D mg/L 0.0015 0.002 0.0005 0.00058 0.0006 2E-05 0.00085 0.0008 -5E-05
Thorium T mg/L 0.0031 0.003 -1E-04 0.00093 0.0009 -3E-05 0.0037 0.004 0.0003
Tin D mg/L 0.0011 0.001 -0.0001 - - - - - --




Proposed Background Environmental Monitoring Thresholds

19 November 2025
Tamala Limestone Ascot Formation Bassendean / Gnangara Sand
fnshie Fraction | Unit | | itial upL "f;:l" Difference | Initial UPL "‘t‘,':’:" Difference | Initial UPL | "r5¢d | pifference

Tin T mg/L 0.0022 0.002 -0.0002 - - - 0.0013 0.001 -0.0003
Titanium D mg/L -- = = - s = — 0.002 &
Titanium T mg/L 0.392 0.07 -0.322 0.0737 0.01 -0.0637 0.0295 0.02 -0.0095
Total Carbon T mg/L 260 240 -20 107 74.7 -32.3 100 49.7 -50.3
Total Dissolved Solids T mg/L 2834 1093 -1741 1270 837 -433 511 409 -102
Total Inorganic Carbon T mg/L 230 230 0 110 749 -35.1 173 37.9 -135.1
Total Kjeldahl Nitrogen as N T mg/L 5.52 1.2 -4.32 213 1.2 -0.93 1.9 15 0.4
Total Organic Carbon T mg/L 16 16 0 9 5 -4 21 20.8 0.2
Total Suspended Solids T mg/L 5530 446 -5144 80 41.1 -38.9 90 33 -57
Tungsten D mg/L 14 14 0 0.16 0.16 0 2.7 2.7 0
Tungsten T mg/L 0.02 0.02 0 - - - 0.013 0.42 0.407
Uranium D mg/L 0.0075 — — - - = - -- -
Uranium T mg/L 0.008 0.001 -0.007 - i = - - i
Vanadium D mg/L 0.0091 0.009 -0.0001 - - = 0.0058 0.006 0.0002
Vanadium T mg/L 0.0534 0.01 -0.0434 0.0314 0.009 -0.0224 0.0481 0.01 -0.0381
Yttrium D mg/L 0.0022 0.002 -0.0002 -, - -- 0.0026 0.003 0.0004
Yitrium T mg/L 0.012 0.01 -0.002 0.004 0.004 0 0.0077 0.008 0.0003
Zinc D mg/L 0.043 0.04 -0.003 0.0713 0.06 -0.0113 0.0142 0.01 -0.0042
Zinc T mg/L 0.117 0.02 -0.097 0.104 0.09 -0.014 0.432 0.05 .0.382
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Appendix C Predicted Groundwater Mounding Figures
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Appendix D Revised and Relevant and Applicable Environmental
Quality Guidelines (EQGs) for Cockburn Sound — EQG Identification for Low
Reliability Values of Select Metals — Technical Memorandum

EHS Support Pty Ltd



EHS Support

Technical Memorandum

To:

From:

CC:

Date: 30lJuly 2025

Re: Revised Relevant and Applicable Environmental Quality Guidelines (EQGs) for Cockburn Sound -
EQG Identification and Derivation for Low Reliability Values of Select Metals

EHS Support PTY (“EHS Support”) was engaged by Alcoa of Australia Limited ("Alcoa”) to contemporise
environmental quality guidelines (EQGs) values that could be adopted for Cockburn Sound which is
adjacent to the Alcoa Kwinana Refinery located on Hogg Road, Naval Base, Western Australia 6165 (Lot
102 on Parcel 18242, “Refinery” or “Site”). Previous investigations indicate the likelihood of
unacceptable risk to the ecology of Cockburn Sound seems Low. However, in some of these
investigations low reliability values (LRVs} have been adopted or guideline values were absent for some
constituents of potential ecological concern (COPECs). By establishing higher reliability values, the
assessment to ecological receptors in Cockburn Sound can be evaluated with increased certainty,

Significant work has been undertaken at the Site, including annual reviews of groundwater, detailed
investigations and focused remediation to understand the extent of impacts and to mitigate
unacceptable risks. A Preliminary Site Investigation (PSI) was undertaken in 2014 by Golder Associates
Pty Lid (“Golder”) which is the first step in the contaminated sites assessment process. Concurrently, a
preliminary Conceptual Site Model (CSM) for the Refinery was developed based on the information from
the PSI. As a result of the PSI and CSM there was an increased focus to undertake assessments along the
western boundary adjacent to Cockburn Sound rather than the wider PSI study area.

A Mandatory Auditor’s Report (MAR) was prepared by Jeremy Hogben, an accredited contaminated site
Auditor, in 2018 (Senversa, 2018). The MAR was prepared to fulfill requirements under the
Contaminated Sites Act 2003 as a result of adjacent boundary Lots being classified in 2017, which lead to
the Refinery being considered as a Source Site. In total, six reported parcels adjacent to the western
boundary have been classified as possibly contaminated — investigation required (PC-IR). As discussed in
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the MAR and Golder {2017}, Site metals with concentrations exceeding Tier 1 ecological criteria are as
follows:

e Aluminium, gallium, iron, manganese and molybdenum exceed low reliability values (LRVs);

e Arsenic and selenium exceed other overseas guidelines; and,

e Chromium (Ili), vanadium and zinc exceed moderate protection EQGs.

The Auditor noted in review of the consultant’s conclusions that “based on the overall weight of
evidence collected to date (including the ecological surveys conducted by Oceanica) the likelihood that
identified potential impacts are, or have the potential to, result in a measurable and unacceptable risk
to the ecology of Cockburn Sound seems low.” The MAR concluded that there “appears to be no
unacceptable risk to human health associated with identified groundwater impacts and concurred with
the consultant’s conclusion that identified impacts represent a potential risk to ecological receptors and
that this risk has not been confidently assessed to date.” As such, the recommendation was made that
additional assessments were needed to adequately characterise the relevant groundwater conditions
and draw more robust risk-based conclusions for the Site as noted in the classification letter from DWER
received 30 June 2023. Clearly defining relevant and applicable criteria for the marine environment is
fundamental to the assessment of ecological risk and evaluation of risk management requirements in
accordance with this request.

A review of the current management framework for Cockburn Sound and available water quality criteria
guidance is summarised below along with recommendations for refined metal EQGs.

The State Environment Policy (SEP) for Cockburn Sound was updated in 2015 and outlines an
environmental quality management framework for the water body. “The overall objective of the [SEP] is
to ensure that water quality of the Sound is maintained and where possible improved so that there is no
further net loss and preferably a net gain in seagrass areas, and that the other values and uses are
maintained.” Areas of high, moderate and low ecological protection are established spatially to maintain
the objective of overall ecosystem ecological integrity while accommaodating historical and current land
use activities. The high, moderate, and low ecological protection EQGs are based on the 99", 90", and
80" percent species protection levels, respectively. The shoreline adjacent to the Refinery is designated
as moderate ecological protection, with an area of low ecological protection to the south associated
with a neighbouring industrial area.

The Environmental Quality Criteria (EQC) Reference Document for Cockburn Sound (“EQC Reference
Document”) defines numerical and narrative EQGs and environmental quality standards (EQSs). EQGs
are “threshold numerical values, or narrative statements, which if met indicate there is a high degree of
certainty that the associated environmental quality objective has been achieved”, while EQSs indicate “a
level beyond which there is a significant risk that the associated environmental quality objective has not
been achieved and a management response is triggered”. However, several of the numeric limits
available for analytes of interest within and adjacent to the Site are considered “low reliability”. LRVs are
designated as such because they are derived from insufficient toxicity data to be defined as an EQG. The
LRVs in the EQC Reference Document were developed based on the toxicity data available when the
Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (ANZECC & ARMCANZ) guidance was adopted in
2000 — with many LRVs based on toxicological literature from over 20 years prior to guidance
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publication. The updated guidance, the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality (ANZG, 2018), states that LRVs should only be used in the following circumstances:
® intheinterim;
e with a plan to improve the value;
e with other lines of evidence to account for the low reliability and improve the overall confidence
in the assessment; and,
* with documented justification for why the LRV is used.

LRVs are derived by a variety of methods including:
e adopfting values from freshwater toxicity data;
¢ adopting from international jurisdictions;
e using background data; or
* through the assessment factor method.

The assessment factor method is the most employed approach used to derive LRVS. This approach uses
an arbitrary “assessment factor” or an empirically derived acute-to-chronic ratio (ACR) to convert the
most sensitive acute effect concentration from the literature to a conservative value that serves as a
proxy for chronic effects. The LRVs for aluminium, arsenic, gallium, manganese, selenium and
molybdenum were zll determined by the lowest available toxicity value using the assessment factor
method. The marine gallium LRV is based on freshwater data rather than marine data. The iron LRV is
adopted from Canadian freshwater guidelines. The arsenic and selenium overseas guidelines are also
based on an assessment factor method and derived by the United States Environmental Protection
Agency (USEPA) in 1984 and 1987, respectively. Despite advances in the approach to formally derive
EQGs and numerous additional ecotoxicological studies assessing marine metals, few LRVs have been
updated since ANZECC & ARMCANZ (2000).

The EQC Reference Document details an approach to develop EQGs or upgrade LRVs to EQGs (based on
the guidance available at the time in ANZECC & ARMCANZ (2000) and ANZG (2018)). EQC Reference
Document, ANZG (2018) and Warne et al. (2018) outline a framework to establish EQGs utilising a more
technically robust species sensitivity distribution (SSD) method. The SSD method consists of collation of
toxicological literature, an assessment of its quality, detailed methods for identification of a single
toxicity value per species and distribution fitting using shinyssdtools (“ssdtools”} software (Thorley et al.,
2025) to calculate values at different levels of protection, with the end result of deriving risk-based
limits for aquatic receptors. SSD approaches are favourable because they consider all available toxicity
data rather than only using the most sensitive toxicity data point, allowing for statistical confidence
intervals to be calculated and enabling estimation of specific levels of protection from the fitted
cumulative probability distribution function. SSD-derivation methods form the basis of the EQGs in the
EQC Reference Document and are considered default guideline values in ANZG (2018). These values can
also be updated to reflect site-specific conditions or new scientific information.

This memo is a revision of the Relevant and Applicable Environmental Quality Guidelines (EQGs) for
Cockburn Sound - EQG Identification and Derivation for Low Reliability Values of Select Metals Memao
dated 26 March 2024 (“2024 Derivation Memo”; EHS Support, 2024)_This revised memo was prepared
in response to the comment letters received from the Auditor and the Auditor’s Supporting Expert Team
(“SET”) on 21 January 2025 and 28 January 2025 regarding the 2024 Derivation Memo. The comments
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received focused on the methodological approach to the derivation of EQGs for specific analytes with
LRVs. When the 2024 Derivation Memo was drafted, Burrlioz 2.0 (CSIRO, n.d.) was the recommended
software for deriving species protection levels using SSDs under ANZECC & ARMCANZ (2000). The SET
requested that the latest statistical tool approved for use by ANZG and the National Water Quality
Management Strategy (NWQMS) governing committee, ssdtools (Thorley et al, 2025), be used to revise
EQGs as it will be the recommended software for calculating SSDs for criteria derivation moving forward.
As an alternative to the Burrlioz 2.0 approach of selecting a single distribution to develop an SSD,
ssdtools incorporates numerous statistical distributions through model-averaging, providing the ability
to reliably fit statistical distributions to a broader range of input data structures and, therefore,
providing more statistically robust estimates of species protection. Based on the SET recommendalions,
updated EQGs have been developed for specific analytes using the latest version of ssdtools (v2.2.0) and
results are reported herein.

This revised memo is focused on aluminium, arsenic, gallium, iron, manganese, molybdenum and
selenium as these COPECs were identified based on comparison of groundwater concentrations to LRVs
or overseas guidelines.

Searches of the available ecotoxicological literature limits found that aluminium (van Dam et al., 2018),
arsenic (Golding et al,, 2022), gallium (van Dam el al_, 2018), manganese (Golding et al_, 2023) and
molybdenum (van Dam et al., 2018) had published criteria that were derived in accordance with ANZG
(2018) and are suitable to be used as EQGs. However, these publications employed Burrlioz 2.0 software
and/or previous versions of ssdtools (<v2.2.0) to derive their criteria. Therefore, consistent with the SET
recommendations, the input datasets from these publications were re-evaluated using the ssdtools
v2.2.0 methodology to produce updated EQGs. It is noted that there are draft marine DGVs under
consideration by ANZG for several of these metals (gallium, molybdenum and manganese). If these draft
DGVs become finalised, they will be adopted as the EQGs for Cockburn Sound. However, in the interim,
EQGs identified through an assessment of contemporised data from available ecotoxicological literature
using the latest SSD methodology will be implemented.

ANZG recently published finalised marine DGVs for aluminium (ANZG, 2025) that expressly build upon
the work of van Dam et al. (2018). The finalised DGVs for aluminium allow for the assessment of high (9
pg/L), moderate (72 pg/L) and low (160 pg/1) ecological protection within Cockburn Sound. However,
these finalised DGVs contain underlying technical deficiencies that preclude their adoption as EQGs for
Cockburn Sound. The noted technical deficiencies include the use of Burrlioz 2.0 software to derive the
ANZG (2025) criteria. Therefore, consistent with the SET recommendations, the toxicity data collated for
ANZG (2025) was evaluated with ssdtools v2.2.0 to produce updated EQGs for aluminium. The updated
EQGs for the assessment of high (9.2 pg/L), moderate (86 pug/L) and low (190 pg/L) ecological protection
within Cockburn Sound show close alignment to those in ANZG (2025). Considering the technical
deficiencies in ANZG (2025) that have been identified, the updated EQGs derived using ssdtools v2.2.0
are preferred for implementation in Site monitoring efforts. The ANZG (2025) aluminium values will also
be considered for screening purposes while additional review of the technical deficiencies is conducted
by the Audit Team. Further discussions with the Audit Team are warranted to review relevant and
applicable datasets needed to derive more refined site-specific Tier 3 criteria.



Revised Relevant and Applicable Environmental Quality Guidelines (EQGs) for Cockburn Sound -
EQG Identification and Derivation for Low Reliability Values of Select Metals
30 July 2025

No commensurate literature-sourced limits were identified for selenium in the marine environment;
thus, derivation was required. Cantemporised data for marine selenium ecotoxicity was collated and
analysed using the SSD method to derive a moderate reliability EQG. The current LRV for selenium is 3
pg/L and is based on a single effect concentration estimated using nominal concentration data (Nelson
et al_, 1988). The overseas guideline for selenium (IV) of 71 pg/L is based on the conversion of a final
acute value to a chronic value using an ACR. Both the selenium LRV and the overseas guideline do not
enable precise quantification at specific levels of ecosystem protection. In total, eight studies were
reviewed and considered in the derivation process. The SSD-derived EQGs reported herein considered
effects data from 20 species across six taxonomic groups. The derived selenium EQGs allow for the
assessment of areas of high (9.3 pg/1), moderate (31 pg/L) and low (76 pg/L) ecological protection
within Cockburn Sound. Since selenium is known to bioaccumulate in the aquatic environment, the high,
moderate and low ecological protection EQGs were based on the 99™, 95" and 85™ percentiles in the
cumulative probability distribution, respectively. To establish greater confidence in the protectiveness of
the EQGs for selenium, an additional lines-of-evidence assessment was conducted to directly consider
the bioaccurnulation pathway in Cockburn Sound (Attachment E). There are acknowledged uncertainties
associated with this lines-of-evidence assessment, specifically regarding parameterisation of the
quantitative dietary model, that preclude the adoption of the selenium EQGs derived for Site monitoring
efforts at this time. Additional model refinement through the collection of site-specific parameters is
recommended to reduce these uncertainties and develop a reliable EQG that is protective of receptors
in Cockburn Sound. Until refinement occurs, the 95" percentile background concentration of 10 pg/L
will be adopted as the interim selenium EQG for the purpose of advancing the program.

The iron LRV was refined based on recent freshwater guidelines because no suitable marine toxicity
dataset was identified. Iron toxicity data collated by Environment and Climate Change Canada (ECCC)
includes normalised effects concentrations from 27 freshwater species (ECCC, 2024). Normalisation of
effects concentrations relies upon species-specific multiple linear regression (MLR) models to calculate
effects concenlrations for different taxonomic groups (Brix et al., 2023). The MLR models account for
system-specific pH and dissolved organic carbon (DOC) concentrations, which can serve as toxicity-
modifying factors (TMFs) for iron. To calculate EQGs for Cockburn Sound, contemporised toxicity data
were normalised to the median-case background water scenario (pH = 8.2 s.u., DOC = 1.1 mg/L) and the
resulting values were then processed using ssdtools v2.2.0. The derived iron EQGs allow for the
assessment of areas of high (36 pg/L), moderate (300 pg/L) and low (590 pug/L) ecological protection
within Cockburn Sound. For the purpose of advancing the program, these values represent the interim
EQGs for iron. However, given that water quality directly influences iron toxicity and that the input data
are based on toxicity in freshwater systems, further evaluation could be required to develop a reliable
set of EQGs that are protective of receptors in Cockburn Sound. The absence of robust toxicological
effect data in the marine environment still presents a data gap.

In addition to the identification or derivation of suitable EQGs, a comprehensive evaluation of available
background surface water data was conducted for areas of Cockburn Sound situated north and south of
the Refinery. In total, 49 samples were included in the assessment, which were obtained during field
investigations conducted in 2001, 2006, 2011 and 2023. Data obtained for samples analysed for
aluminium, arsenic, chromium, gallium, iron, lead, manganese, mercury, molybdenum, selenium,
uranium and vanadium were used to establish 95™ percentile background concentrations. The 95"
percentile is suitable for comparison of areas of moderate level of ecological protection as stipulated by
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the £EQC Reference Document. Although the understanding of background concentrations has been
refined substantially from the current evaluation, additional data gaps in metals analysed and fractions
sampled were identified. Considerations with respect to addressing these data gaps in background
sampling are provided below.

The contemporised EQGs compiled herein are appropriate for the assessment of routine monitoring
data collected adjacent to the Refinery in Cockburn Sound. As per the EQC Reference Document for
Cockburn Sound, "the extent of the area from which environmental quality data are to be collected and
compared against the EQC will depend on the objective of the monitoring and reporting program and
will therefore need to be established on a case-by-case basis and clearly defined in the monitoring
program.” The dynamic intertidal environment present adjacent to the Refinery should be considered in
any evaluation focused on assessing the maintenance of ecosystem integrity environmental quality
objective. It is recommended that any routine manitoring data collected be obtained in a manner that
reduces uncertainty associated with the spatially and temporally heterogeneous coastal setting
associated with tides.

To address spatial considerations, field sample collection should be carried out in a grid or transect-
based approach with sufficient data density to calculate defensible upper confidence limits (UCL) of the
mean (e.g., 95" percent UCLyesn) as well as distribution statistics (e g., median, 95" percentiles) across a
pre-defined exposure area of interest. The 95™ percent UCLnesq is conservative assessment used to
assess average exposure conditions to an aquatic receptor, whereas the 95 percentile can be used to
assess exposure conditions to an individual receptor under extreme exposure conditions. Multiple
sampling events using the same sampling station configuration should be employed to address potential
for seasonal and/or tidal variability present. An effective approach to understand the role of tides and
tidal mixing on conditions in Cockburn Sound is to conduct hourly sampling at a fixed point in space.
Once an understanding of the range of exposure conditions present due to tidal interaction is
understood, a more comprehensive monitoring program can be developed. Typically, periods occurring
immediately after low tide represent the ‘worst-case’ scenario for exposure when evaluating the effect
of groundwater sources on tidal receiving water bodies. Once an understanding of exposure conditions
is.established, refinement to the sampling program can be made to adequately assess conditions most
representative of chronic or acute exposure durations. These approaches can include time-weighted
averaging to integrate conditions across the exposure duration of interest (i.e., acute or chronic).

Media assessed as part of any routine monitoring program in Cockburn Sound should be focused on the
aqueous phase given the nature of the substrate present adjacent to the Site and the disparity in
derivation methodology between aqueous phase and solid phase criteria under the ANZG (2018).
Monitoring programs should consider surface water samples collected at the sediment-surface water
interface and sediment pare water using co-located sampling approaches. Samples should be obtained
for unfiltered and filtered fractions to refine understanding of metal distribution across the aqueous
malrix. The coarse sand substrate present within the intertidal environment is not fine-grained
depositional sediment. Therefore, bulk media concentrations would not provide suitable information to
compare with existing sediment quality guideline values and are not recommended. In addition, the
approach employed under ANZG (2018) to derive the sediment values is not directly comparable to the
approach used to derive water quality guidelines, so conclusions reached through one matrix are not
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directly comparable to the other. Detailed approaches will be provided as part of a forthcoming
Sampling, Analytical and Quality Plan (SAQP).

In summary, this work provides a critical review of relevant and applicable EQGs to aid in the
assessment of ecological conditions to aquatic, pelagic and sediment-dwelling organisms in Cockburn
Sound. The approach used a combination of ANZG (2018) limits, EQC Reference Document for Cockburn
Sound and contemporised guidelines both derived herein and published in the elsewhere in the
literature.

Introduction

EHS Support PTY (“EHS Support”) was engaged by Alcoa of Australia Limited ("Alcoa”) to contemporise
environmental quality guidelines (EQGs) values that could be adopted for Cockburn Sound which is
adjacent to the Alcoa Kwinana Refinery located on Hogg Road, Naval Base, Western Australia 6165 (Lot
102 on Parcel 18242, “Refinery” or “Site”). Previous investigations indicate the likelihood of
unacceptable risk to the ecology of Cockburn Sound seems low. However, in some of these
investigations low reliability values (LRVs) have been adopted or had no guidelines values for some of
constituents of potential ecological concern (COPEC). By establishing higher reliability values, the
assessment to ecological receptors in Cockburn Sound can be evaluated with increased certainty, Lot
102 is bound to the east by the railroad tracks that parallel Cockburn Road and by multiple beach
parcels adjacent to Cockburn Sound to the west (Figure 1).

The Refinery produces alumina (AlO:z) from bauxite ore using the Bayer process and has been
operational since 1963. It is understood that historical operations resulted in the underlying
groundwater below the Refinery to become impacted due to the absence of hard stand surfaces which
was rectified in the 1980s. Key chemical indicators that typically characterise groundwater impacts from
the Refinery process include the alkaline salts caustic soda (NaOH) and sodium carbonate (NazCQOs),
elevated pH, increased alkalinity and salinity, although this indicator can be misleading near the coast.
Significant work has been undertaken at the Site, including annual reviews of groundwater, specific
investigations_and focused remediation to understand the extent of impacts and mitigate unacceptable
risks. A Preliminary Site Investigation (PSI) was undertaken by Golder Associates Pty Ltd (“Golder”)
which is the first step in the contaminated sites assessment process (2014a). Concurrently, a preliminary
Conceptual Site Madel (CSM) far the Refinery was developed based on the information from the PSI
(2014b).

As a result of the PSI and CSM (Golder, 20142 and 2014b) there was an increased focus to understand
the hydrogeological regime and potential risks from the western boundary. Through the additional
investigations focusing on the western boundary the CSM was refined. It was recommended that three
land parcels (Lots 171, 227 and 228) be reported to the Department of Water and Environmental
Regulation (DWER) as possibly contaminated — investigation required (PC-IR). The land parcels were
reported due to the presence of the underlying groundwater containing metal concentrations exceeding
the adopted assessment criteria at that time.
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FIGURE 1 SITE VICINITY MAP ILLUSTRATING PARCEL 102 OF THE ALCOA KWINANA ALUMINA REFINERY AND
ADJACENT BEACH PARCELS

Jeremy Hogben as an accredited contaminated sites Auditor prepared a Mandatory Auditor’s Report
(MAR; Senversa, 2018) in 2018 given Lot 102 was considered as a source Site. The MAR recommend that
an additional land parcel (Lot 2217) be reported to DWER. Two additional land parcels (Lots 229 and
2218) were reported to DWER following additional monitoring and assessment. In total, six reported
parcels were classified as PC-IR. The MAR broadly concluded that there appeared to be no unacceptable
risk to human health associated with groundwater, however the risk to ecological receptors could not be
confidently assessed (Senversa, 2018). As such, the Golder report (2017) and the MAR recommended
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that additional assessments were needed to adequately characterise the relevant groundwater
conditions and draw more robust risk-based conclusions for the Site.

The Golder (2014), Golder (2017) and Golder (2022) reports assessed groundwater data for potential
adverse effects to both human health and ecological receptors. The screening criteria used to assess the
risk associated with toxicants varied in each report based on the criteria available at the time. Golder
(2014) screened data against Australian and New Zealand Environment and Conservation Council and
Agriculture and Resource Management Council of Australia and New Zealand (ANZECC & ARMCANZ,
2000) marine criteria, domestic non-potable water use criteria and National Environmental Protection
Measure (NEPM) 2013 Groundwater Investigation Levels (GILs) for Marine waters. Golder (2017)
screened Site groundwater against ANZECC & ARMCANZ (2000) low reliability trigger values. The Golder
(2022) human health assessment screened groundwater data against environmental quality criteria for
the maintenance of primary contact recreation from the Fnvironmental Quality Criteria (FQC) Reference
Document for Cockburn Sound (“EQC Reference Document”; Western Australia Environmental Protection
Agency (WA EPA), 2017), Western Australia Department of Health Non-Potable Use Guidelines (DWER,
2014) and Site-Specific Human Health Risk Assessment criteria. The Golder (2022) ecological assessment
screened groundwater data against the moderate protection environmental quality criteria from the
EQC Reference Document, Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZG; 2018) marine ecosystems criteria and select United States Environmental Protection Agency
(USEPA) marine ecological guidelines, some of which are considered low reliability values (LRVs) as part
of the £QC Reference Document.

The MAR noted that several existing exceedances of ecological criteria were attributed to metals with
LRVs. LRVs had insufficient information on toxicity at the time of development of the ANZECC and
ARMCANZ guidance in 2000 to be adopled as EQG in the EQC Reference Document. LRVs are not
recommended for assessing environmental performance, but they do provide managers with
information that can assist with decision-making regarding environmental quality in Cockburn Sound.

Advancements in the water quality guidelines utilised in the screening assessment including updates to
previously established EQG or development of EQG specific to Western Australia have occurred
between Golder (2014) and Golder (2022). In addition, some metals detected in groundwater were not
screened against available ecological criteria as part of Golder (2014) and Golder (2022). Therefore,
clearly defining relevant and applicable criteria for the marine environment is fundamental to the
assessment of ecological conditions in Cockburn Sound: Site metals with concentrations exceeding Tier 1
ecological criteria are as follows:

s  Aluminium, gallium, iron, manganese and molybdenum exceed LRVs;

* Arsenic and selenium exceed other overseas guidelines; and,

e Chromium (lll), vanadium and zinc exceed moderate protection EQGs.

This assessment is focused on aluminium, arsenic, gallium, iron, manganese, molybdenum and selenium
as these COPECs are based on comparison of groundwater concentration to LRVs or overseas guidelines.



i
Revised Relevant and Applicable Environmental Quality Guidelines (EQGs) for Cockburn Sound - i «11
EQG Identification and Derivation for Low Reliability Values of Select Metals g*)l 4
30 July 2025
Objectives

The overarching objective of this technical memorandum is to contemporise EQGs for Cockburn Sound
adjacent to the Refinery to provide more confidence in ecological assessment of aqueous media.

Specifically, this assessment is informed by the following technical objectives:

e Review the spatial extent of ecological protection areas in the vicinity of the Site as established
by the State Environmental (Cockburn Sound) Policy (SEP; Government of Western Australia,
2015) to ensure the appropriate ecological protection area.

e Assess the technical basis for existing EQGs defined by the £QC Reference Document (WA EPA,
2017).

e Summarise acceptable approaches to derive or update FQGs described in the SEP or EQC
Reference Document and other applicable Australian guidance including:

o ANZECC and ARMCANZ (2000)
o ANZG (2018)

e Conduct a critical review of the derivation process for LRVs for Site metals of interest
(aluminium, arsenic, gallium, iron, manganese, molybdenum and selenium) and determine if
sufficient contemporary information exists to establish EQGs.

e [dentify suitable EQGs or derive EQGs for select LRV metals in accordance with ANZG (2018) for
consideration in future assessments.

e Assess available background marine water data for Cockburn Sound, which can be used to
understand marine conditions in the absence of available toxicological data to inform EQG
derivation.

e Describe how site-specific EQGs should be applied within Cockburn Sound per the SEP and £QC
Reference Document and what measurement approaches would best be employed to assess
conditions at the point of exposure to ecological receptors.

Dacument Structure

This document is structured as follows:

e Regulatory Background - briefly summarises the Site in the context of the regulatory
framework for monitoring water quality in Cockburn Sound,

* Critical Review of Low Reliability Values — describes the LRVs of interest at the Site, derivation
process and provides a review of contemporised alternatives to LRVs.

e EQGs Identified or Derived for Select Metal LRVs — describes the approach to identify and
derive EQGs for select LRV metals.

e Assessment of Background Conditions in Cockburn Sound — describes the assessment process
of available background data and current data gaps.

» Application of Contemporised Guidelines — summarises the contemporised EQGs and describes
the framework of implementation.

e Conclusions — summarises the key findings and implications for future analyses.

Attachments included with this document are as follows:
e Attachment A — Detailed Technical Basis for Low Reliability Values

10
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s Attachment B — Background Marine Dataset
e Attachment C - Selenium Environmental Quality Guideline Derivation
e Attachment D — Assessment of Available Tissue Data
e Attachment E - Selenium Dietary Exposure Model for Cockburn Sound

Regulatory Background

The objectives of the regulatory background review are to:
e Understand the spatial extent of ecological protection areas in the vicinity of the Site as
established by the SEP;
Assess the technical basis for existing EQGs defined by the EQC Reference Document; and,
Summarise acceptable approaches to derive or update EQGs described in the SEP, EQC
Reference Document and other applicable Australian guidance documents.

Levels of Ecological Protection Defined by the SEP

The SEP for Cockburn Sound was updated in 2015 and outlines an environmental quality management
framework for the water body. The SEP states “the overall objective of the Policy is to ensure that water
quality of the Sound is maintained and where possible improved so that there is no further net loss and
preferably a net gain in seagrass areas and that the other values and uses are maintained (Government
of Western Australia, 2015).” Objectives of the SEP are broken down by environmental values as follows:
Ecosystem health;

Fishing and aquaculture;

Recreation and aesthetics;

Cultural and spiritual values; and,

Industrial water supply.

The environmental quality objective for ecosystem health is “maintenance of ecosystem integrity”,
where ecosystem integrity is considered in terms of ecosystem structure and function.

Three different levels of ecological protection are outlined to meet these ohjectives and are established
spatially to maintain the objective of overall ecosystem ecological integrity while accommodating
historical and current land use activities. Figure 2 illustrates the spatial distribution of areas of low,
moderate and high levels of ecological protection defined by the SEP. The description of the different
levels is below:

» Ahigh level of ecological protection “means to allow small changes in the quality of water,
sediment or biota (i.e., small changes in contaminant concentrations with no resultant
detectable changes beyond natural variation in the diversity of species and biological
communities, ecosystem processes and abundance/biomass of marine life)”.

* A moderate level of ecological protection “means to allow moderate changes in the quality of
water, sediment and biota (i.e., moderate changes in contaminant concentrations that could
cause small changes beyond natural variation in ecosystem processes and abundance/biomass
of marine life, but no detectable changes from the natural diversity of species and biological
communities).”

11
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» Alow level of ecological protection “means to allow for large changes in the quality of water,
sediment and biota (i.e., large changes in contaminant concentrations that could cause
significant changes beyond natural variation in the natural diversity of species and biological
communities, rates of ecosystem processes and abundance/biomass of marine life, but which
do not result in bioaccumulation/biomagnification in nearby High ecological protection areas).”

A moderate ecological protection level predominately exists in Cockburn Sound adjacent to the Refinery,
whereas a low ecological protection level exists adjacent to the southernmaost portion associated with a
neighbouring industrial area (Figure 2). The ongoing shipping and dredging maintenance activities at the
Alcoa Jetty likely warrants designation of the area around this feature as a low ecological protection
area.

12
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FIGURE 2 COCKBURN SOUND LEVELS OF ECOLOGICAL PROTECTION SPECIFIED BY THE SEP

[echnical Basis for Existing EQGs Defined by the EQU Reference Document

The WA EPA established an environmental quality management framework for Cockburn Sound, which
was given effect through the SEP. Revised in 2017, the framework is underpinned by established
environmental values and clearly expressed and spatially defined environmental quality objectives to
guide decision-making and provide management goals. The EQC Reference Document is predominantly
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based on the guidelines and approaches recommended in the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000).

The levels of environmental protection outlined were developed in accordance with the levels of
protection outlined by ANZECC & ARMCANZ (2000). The spatial locations in Cackburn Sound desighated
as high, moderate and low levels of protection illustrated in Figure 2 align with the ANZECC & ARMCANZ
(2000) "trigger values” targeting 99* percent, 90" percent and 80" percent species protection levels,
respectively. EQC Reference Document for Cockburn Sound recommends adopting consistent
methodology for developing EQGs for all moderate ecological protection areas; however, it notes that
“it may be appropriate to monitor a subset of indicators for some marinas and harbours depending on
potential threats to environmental quality and the benthic habitats.”

At the time development of the EQC Reference Document, mechanisms to adjust the percent species
protection level to account for bioaccumulation were not expressly considered in ANZECC & ARMCANZ
(2000). The ANZG (2018) document recommends that constituents with log10 octanol-water
partitioning coefficients (log K.«), bioconcentration (log BCF) or bioaccumulation (log BAF) factors
greater than or equal to four have potential to cause effects to higher trophic levels. To account for this
potential additional form of toxicity, the level of protection provided should be increased (Warne et al,,
2018). For toxicants or constituents where bioaccumulation and secondary poisoning effects should be
considered, ANZG (2018) states, “to account for the bioaccumulating nature of this toxicant, it is
recommended to apply the species protection level default water quality guideline one level above that
which would nermally be applied (e.g. if 95 percent level of species protection would normally be
applied, then the 99 percent default water quality guideline should be used (Warne et al., 2018)."

There are two main types of EQC, EQGs and environmental quality standards (EQSs) as described below:

e FQGs are threshold numerical values or narrative statements, which, if met, indicate there is a
high degree of certainty that the associated environmental quality objective has been achieved.
Exceedances to EQGs means there is uncertainty as to whether the associated environmental
quality objective has been achieved and more detailed assessment against an EQS is triggered.
EQGs are generally equivalent to the water quality guidelines described in ANZECC & ARMCANZ
(2000; these numerical values are referred to as “trigger values” in ANZECC & ARMCANZ).

e EQSs are threshold numerical values, or narrative statements that indicate a level beyond which
there is a significant risk that the associated environmental quality objective has not been
achieved, and a management response is triggered.

EQGs based on spatial locations in Cockburn Sound designated as high, moderate and low levels of
ecological protection can be found in Table 1 for metals of interest to the Site. Many of the EQGs
adopted for areas of high ecological protection in Table 2a of the EQC Reference Document are more
conservative than the trigger values for slightly to moderately disturbed systems in ANZECC and
ARMCANZ (Table 3.4.1).

In addition to the above, the £QC Reference Document outlines two other EQC related to the
maintenance of the ecosystem integrity:
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e | RVs are constituents that may require some form of surveillance and possibly management
intervention but where there was insufficient information on toxicity to derive a reliable EQGs;
and,

s Initial Management Triggers (IMT), which are designed to assist in assessing the urgency of
implementing a management response in areas where water quality has been significantly
contaminated.

As LRVs and IMTs are based on limited data and have low reliability, the EQC Reference Document
suggests that “Neither LRVs or IMTs are recommended benchmarks for assessing environmental
performance, but they do provide information that can assist environmental quality management
decisions in Cockburn Sound.”

TABLE 1 EQGS FOR MIETALS IN COCKBURN SOUND FROM THE EQC REFERENCE DOCUMENT

High Moderate Low
Constituent Protection Protection Protection
(ne/L) (ne/L) (ne/L)
Cadmium® 0.7 14 36°
Chromium Ili 7.7 49
Chromium VI 0.14 20°¢
Cobalt 1 14
Copper * 0.3 3¢
lLead 2.2 6.6°
Mercury (inorganic)® 0.1 0.7¢ 14¢
Nickel 7 200*
Silver 0.8 1.8
Vanadium 50 160
Zinc 7° 23

Notes:

pg/L = micrograms per litre

a = “trigger value™ may not protect key test species from acute and chronic toxicity (see ANZECC & ARMCANZ 2000).

b = chemical for which possible bioaccumulation and biomagnification effects should be considered (log10 Kow values > 4 and <
7).

¢ = value may not protect key test species from chronic toxicity (see ANZECC & ARMCANZ 2000).

* = note ANZG is finalising a draft copper marine criteria; this value should be considered in lieu of the above EQG once
finalised.

The purpose of this memorandum is to summarise relevant and applicable EQGs for Cockburn Sound
adjacent to the Site and to derive EQGs for select metal analytes that are currently based on LRVs or
overseas guidelines (aluminium, arsenic, gallium, iron, manganese, molybdenum and selenium). The
EQC Reference Document does not consider LRVs to be EQGs as there was insufficient toxicity data
available at the time of development to derive EQGs with specified levels of protection (as outlined in
the SEP). The LRV metals discussed in Table 2c of the EQC Reference Document include: aluminium,
arsenic (1), arsenic (V), manganese, molybdenum, selenium (IV) and selenium (VI). The LRVs in the EQC
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Reference Document are sourced from ANZECC & ARMCANZ (2000) or select available overseas
guidelines (i.e., arsenic and selenium). Additional metal LRVs sourced from ANZECC & ARMCANZ (2000)
and ANZG (2018) include: gallium and iron. These LRV metals were derived by a variety of methods
including:

e Adopting values from freshwater toxicity data (gallium);

e Adopting from international jurisdictions (iron); or,

e Through the assessment factor or Acute to Chronic Ratio (ACR) method (aluminium, arsenic,

gallium, manganese, molybdenum and selenium).

Table 2 summarises the metal LRVs from the EQC Reference Document.

TABLE 2 LRVS FOR METALS IN COCKBURN SOUND FROM THE EQC REFERENCE DOCUMENT

High ‘Moderate Low g::?:::
Constituent Protection Protection Protection Guid elinei =
(ng/L) (ug/t) (ue/L) g/l
Aluminium 0.5 - -
Arsenic Il 2.3 - - 12°¢
. 12.5¢
Arsenic V 4.5 - 36e
Manganese 80 —
Molybdenum 23
Selenium IV 3 - - "
Selenium Vi ° 3 - -

Notes:

pg/L = micrograms per litre

a = overseas guidelines provided in this table have been derived to protect marine ecosystems from the chronic effects of
contaminants and not for triggering further investigations to determine if chronic effects are occurring.

b = chemical for which possible bioaccumulation and biomagnification effects should he considered (i.e., log10 Koy values >4
and <7).

¢ = overseas guideline source = South Africa; arsenic Ill fraction = total

d = overseas guideline source = Canada; arsenic V fraction = total

e = overseas guideline source = United States; arsenic V fraction = dissolved

f = overseas guideline source = United States; selenium IV fraction = dissolved

* = USEPA suggests that the status of the fish community should be monitored if selenium concentration exceeds 5.0 ug/L
because the guideline does not take into account uptake via the food chain.

Accepltable Approaches to Derive or Update EQGs

The SEP and EQC Reference Document for Cockburn Sound recommended an approach where EQC are
derived using one of four possible approaches (listed in order of preference):

1} Locally developed biological effects data;

2) Ecological models;

3} Reference sites; or,

4) Refining default trigger values for local environments.
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The framework adopted for applying EQC to Cockburn Sound has been developed to be consistent with
the recommended approaches in ANZECC & ARMCANZ (2000). The criteria derived for water quality in
Cockburn Sound was developed in 2017 and used the framework from the existing regulations at the
time, ANZECC & ARMCANZ (2000). The Australian & New Zealand guidelines for Fresh and Marine Water
Quality (ANZG, 2018) and supporting documentation (Warne et al., 2018) provided an update to the
ANZECC & ARMCANZ guidelines (2000), which is the guidance followed by this memorandum. The
revised guidelines include: some modernised trigger values based on new toxicity data, updated
classification of reliability guidelines and updated derivation frameworks. Guidelines for some
constituents still don’t exist (from any published guideline) as there was not enough toxicity data at the
time the guidelines were promulgated. If guidelines don't exist or are “low” or “unknown” reliability,
both ANZECC & ARMCANZ guidelines (2000; updated in 2018 to Warne et al., 2018 and ANZG, 2018) and
the SEP (Government of Western Australia, 2015) outline frameworks for deriving EQGs for site-specific
criteria or to contemporise EQGs promulgated with low confidence.

The recommendation in the case of a LRV exceedance is, “to search for, or test for, more data of
sufficient quality or to further assess the likely risk of exposure to the chemical (ANZECC & ARMCANZ,
2000)". The updated guidelines (ANZG, 2018) have similar recommendations for using low, very low or
unknown reliability values. LRVs should only be used, in the following circumstances:

e Inthe interim;

e With a plan to improve the value;

e With other lines of evidence to account for the low reliability and improve the overall

confidence in the assessment; and,
* With documented justification for why the LRV is used.

In most cases, EQGs classified as either moderate, low, very low or unknown will have certain data
limitations that could be addressed by incorporating additional chronic toxicity data. The preferred
method of deriving trigger values is by a metanalysis method which includes available toxicity data of
acceptable quality. Using multiple datapoints coalesced in a species sensitivity distribution (SSD)
analysis, allows the guideline to be weighted on the dataset rather than the data point of just one
organism. In addition, an SSD analysis provides the ability derive multiple levels of protection for the
ecosystem through distribution probability.
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Critical Review of Low Reliability Values

The objectives of the critical review of LRVs are to:
e Describe the processes and associated technical limitations of each LRV derivation approach;
and,
e Summarise the supporting assumptions contributing to each existing metal LRV.

This review is supported by Attachment A, which provides a detailed review of the technical information
supporting the derivation of each LRV on a metal-by-metal basis. Understanding the information that
contributed to the LRVs is a critical step to informing more technically robust EQGs suitable for Cockburn
Sound.

Processes and Technical Limnitations of LRV Derivation Approaches

Published guidelines have different terms to discuss low reliability criteria. For continuity, we’ll use the
term “Low Reliability Values” or “LRVs”, consistent with the EQC Reference Document. LRVs found in the
EQC Reference Document originated from ANZECC & ARMCANZ (2000). LRVs were derived using four
different methods that varied depending on the availability and quality of toxicity data for a given metal
analyte. Marine LRVs were established by:

e Using freshwater values where no marine literature exists;

e Through the adoption of guidelines developed by other international regulatory bodies;

e Adoption of background data as the LRV; or,

s By the assessment factor approach.

Each approach used to develop LRVs is discussed in more detail below.
Absence of Marine Literature

The gallium marine LRV was established based on freshwater guideline values. The marine gallium LRV is
based on freshwater values because no reliable marine toxicity data were available at the time of
guideline development. The disadvantage to using toxicity data from a different media (fresh, marine or
estuarine) is that toxicity often varies between fresh and salt water. The effect of salinity, conductivity or
other marine-related TMFs (Toxicity-Madifying Factors) are not considered when freshwater EQGs or
LRVs are adopted as marine LRVs. Freshwater species are often more sensitive to metals and thus when
these values are adopted as marine LRVs they are often very conservative. Details of the derivation
process for gallium are provided in Attachment A. A summary of the information contributing to the LRV
is provided in Table 3.

Adoption of International Guidelines
The iron LRV is based on freshwater Canadian guidelines. Adopting toxicity limits that have been set by
other countries is a common approach when no suitable limit exists within the ANZG framework. The

drawback to this method is that these values may not consider the effects of the local environment or
endemic species. In this case, that discrepancy is further emphasized by the fundamental difference in
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media type between the underlying toxicity dataset and the environment to which it will be applied
(freshwater vs. marine). Additional differences also include the types of acceptable toxicity endpoints,
the treatment of multiple data for the same species/endpoint, the minimum numbers of trophic levels
and endpoints required to generate an SSD, the consideration of toxicity modifying factors and the
protection levels for various types of waters. Details of the derivation process for iron are provided in
Attachment A. A summary of the information contributing to the LRV is provided in Table 3.

Other 17;'\' /'w'( :‘(.'" [rorn I.')V‘”,:""” ":.-l"l,“l'lf'vvrl

The EQC Reference Document also provides LRVs that employ derivation approaches from overseas
guidance. Regulating agencies in other countries have their own guidance to derive water quality
criteria. These values can be useful to compare regulations and criteria across international jurisdictions,
and per the EQC Reference Document should be used in conjunction with LRVs to assist regulators and
managers to make informed decisions on acceptable levels of water quality in Cockburn Sound.
However, special care should be used in making comparisons or adopting values as methods of
derivation differ for various regulators. Criteria included in Table 2 have been derived to protect marine
ecosystems from the chronic effects of contaminants. South Africa’s criterion for Arsenic (11l) is 12 pg/L,
however the methods for derivation of this criteria are inconsistent with the ANZG (2018) SSD derivation
approach (Department of Water Affairs and Forestry (DWAF), 1995). The published Arsenic (V) criterion
of 36 pg/L is derived from acute Arsenic (lll) data converted to a chronic value by an ACR (USEPA, 1984).
The selenium criterion of 71 pg/L (USEPA, 1987} is also acute data converted to a chronic value by ACR.
Refinement of overseas guidance is warranted to ensure that percent species protection levels can be
developed consistent with the moderate level of protection in Cockburn Sound adjacent to the Site.

Adoption of Background Data

Background levels of a constituent in the marine environment can also be used to derive LRVs. In cases
where background levels of a constituent are naturally prevalent (for example, boron in seawater), the
natural background levels of the constituent are adopted as the LRV. This approach is likely to be
caonservative; while adverse effects are not expected at ambient background concentrations, this does
not imply thal measured concentrations above ambient background would result in adverse effects. In
this situation, additional toxicity data linking exposure concentrations with effect levels would be
required to interpret whether risks may arise. Application of background datasets is discussed in greater
detail in the Assessment of Background Conditions in Cockburn Sound within this memorandum.

Assessment Factor

Aluminium, arsenic, gallium, manganese, selenium and molybdenum LRVs were all determined by the
lowest acute toxicity value using the assessment factor method, Details of the derivation process for
these metals are provided in Attachment A. A summary of the infarmation contributing to the LRV is
provided in Table 3.

The assessment factor approach is the most commonly employed manner to derive LRVs, This approach

is comprised of collating available acute ecotoxicity data available for the constituent of interest and
dividing it by an assessment factor to derive the LRV as illustrated in Equation 1.
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LECS50

EQUATIGH L LRV = Assessment Factor

Where LC50 is the median (50" percentile) lethal effect concentration (mg/L) for the most sensitive taxa
available and assessment factor is an arbitrary assessment factor number (unitless) identified based on
the number of toxicological data points available.

The purpose of the assessment factor method is to take available acute, lethal effects data and
conservatively adjust the value by an assessment factor to allow for its use in decision-making regarding
chronic and chronic non-lethal effects. Due to this, assessment factors applied are often extremely
conservative (large numbers). As defined by ANZECC & ARMCANZ (2000) and ANZG (2018), larger
assessment factors are applied as datasets get smaller, reflecting the decreasing scale of confidence in
the available toxicity data. However, the guidance states that assessment factor values can vary based
on scientific judgement and these values often end up assigned arbitrarily.

Assessment factors are often unsupported by any empirical or theoretical information. Many authors
have acknowledged that assessment factors are arbitrary, have no theoretical scientific basis (Hart,
1974; Nicholson, 1984; Kooijman, 1987; Okkerman et al., 1991; Schudoma, 1994; Rand et al., 1995). The
limitations of the assessment factor methods can be summarised as:
* Assessment factor values have no theoretical basis and are often arbitrarily assigned conversion
values;
* Generic assessment factors do not relate to empirically derived acute-to-chronic ratios (ACRs) or
other meaningful conversions between effect endpoints or exposure durations;
e Water quality guidelines derived using assessment factor approaches may not protect all aquatic
life forms; and,
e Application of an assessment factor doesn’t provide levels of protection for management
decisions (Warne, 1998),

For these reasons, WA EPA (2017), ANZG (2018) and ANZECC & ARMCANZ (2000) suggest that values
derived by the assessment factor method cannot qualify as EQGs and are designated as LRVs.

Summary of Low Reliability Values for Metals

Table 3 summarises the derivation approach, available toxicological studies and assessment factors used
for each LRV. Details of the derivation process for iron are provided in Attachment A.
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TasLE 3 SuMMARY OF Low RELIABILITY VALUES AND ASSOCIATED DERIVATION ASSUMPTIONS
: : No. Effect
: LRV Year No. No. ; ‘ Test Toxicity | Relevant :
Constituent (ug/L) | verived Media Taxs | Species : Data Group AF Species Duration Type Test Endpoint Oone.- ‘References
Alurninium 0.5 2000 MW 3 6 11— Annelid 200 Ctenodrilus serrotus 86h Acute LC50 Mortality 240 Petrich and Reish, 1979
Arsenic (IIl] 2.3 2000 MW 2 12 Crustacean | 100 Concer magister Acute Mortality 232 Martin, et al., 1981
Arsenic (V) 4.5 2000 MW 2 5 10 | Crustacean | 200 Mysidopsis bohig 96h Acute LC50 Mortality 893 Lussier, 1984
Gallium 18 2000 FW 1 2 3 Fish 200 Cypirinus carpic 3d Chranic LC50 Mortality | 2,400 | Hildebrand and Cushman, 1977
Iron 300 2018 FW 2 3 Fish CCREM, 1987
Manganese 80 2018 MW 3 6 Mollusc 200 | Crassostrea virginica 48h Acute LC50 Mortality | 16,000 Calabrese et al., 1973
Molybdenum 23 2018 MW 1 2 2 Diatom 200 diatom EC50 Growth 4,500 Wilson, 1980
Selenium 3 2018 MW 3 13 34 Mollusc 100 | Argopecten irradians 86h Acute LC50 Mortality 255 Nelson et al., 1988
Notes:

pg/L = micrograms per litre

AF = assessment factor

d=day

ECS0 =50 percant effect concentration
FW = freshwater

h=hour

LCSD = 50 percent effect concentration
MW = marine water

No. = number

NOEC = no observed effect concentration
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EQGs ldentified or Derived for Select Metal LRVs

The approach to identify and derive EQGs for select LRV metals is described below. The most recent
toxicological literature supporting the LRV as noted in ANZECC & ARMCANZ (2000) was carried out in
the mid-1990s; therefore, approximately 30 years of scientific research are not captured by existing
LRVs. ANZG (2018) guidance warns against including toxicity data published prior to 1980 as the data are
considered more likely to be unreliable due to advances in experimental and analytical capabilities since
that time (Warne, 1998). Many LRVs are calculated solely based on toxicological literature that was
conducted prior to 1980. Although particularly aged studies can be seminal pieces of research to
support decision making, antiquated study design and analytical technology can limit the utility of these
studies in modern SSD-based criteria derivation. The HRVs have been calculated with more
contemporary data (including data collected over the last 20 years) and higher quality studies and are
therefore considered suitable for future screening assessments of groundwater and surface water
quality data.

This assessment was focused on aluminium, arsenic, gallium, iron, manganese, malybdenum and
selenium based on the understanding of Site COPECs. For constituents where adequate contemporised
ecotoxicity data exists, we describe the process for deriving contemporary EQGs in accordance with
Warne et al. (2018). Since the development of LRVs in ANZECC & ARMCANZ (2000) and ensuing update
in ANZG (2018), significant research has been undertaken to understand the toxicity of select inorganic
compounds known to be associated with alumina refineries in the marine environment (Golding et al.,
2022; van Dam et al., 2018). These studies were carefully reviewed and form important basis for EQGs
for select metals.

A summary of the literature search for contemporised toxicity data and refined EQGs identified is
provided for each relevant LRV metal below. A comprehensive literature review was conducted to
obtain studies used in the derivation of the previous metal LRVs as well as a forward-looking literature
search to identify studies derived since the 1980s. Online peer-reviewed literature database repositories
were searched for key terms like “chronic marine [metal] toxicity” and forward and backward literature
searches were conducted from citation lists of identified papers.

Aluminium

Since the derivation of this guideline value in 2000, numerous studies have published new toxicity data
on aluminium in marine waters. Golding et al. (2014), developed a high reliability marine water quality
guideline based on a metanalysis of 11 datasets. The metanalysis combined two values from previous
publications and new data generated from nine temperate and tropical species. The toxicity data
presented are chronic 10 percent inhibition or effect concentrations (IC10 or EC10) and no-observed-
effect concentrations (NOECs) from 11 species across 6 taxonomic groups (Golding et al., 2014). Tropical
organisms may have been underrepresented in Golding et al. (2014) and several studies on the toxicity
of aluminium to tropical organisms were subsequently published by Trenfield et al. (2015, 2016 and
2017) and van Dam el al. (20163, 2016b). The above toxicity data was assembled in a metanalysis by van
Dam et al. (2018).
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Since the 2024 Derivation Memo (EHS Support, 2024) was submitted, aluminium marine DGVs were
finalised by ANZG (ANZG, 2025). The finalised marine DGVs explicitly build upon the dataset of van Dam
et al. (2018) and allow for the assessment of high (9 pg/L), moderate (72 pg/L) and low (160 pug/L)
ecological protection areas within Cockburn Sound. However, these finalised DGVs for aluminium
cantain technical deficiencies that need to be considered prior to their adoption more broadly. First,
ANZG (2025) employed Burrlioz 2.0 software to derive the criteria. Second, the 27 pg/L diatom mixed
temperate and tropical species geometric mean toxicity value is being reported twice per Table 1 of
ANZG (2025) and could be misconstrued as being double counted in the derivation process, which would
incorrectly produce much lower values when that table is extracted and derived using ssdtools. Finally,
the calculation of the Paracentrotus lividus embryo abnormality final toxicity value reported in Appendix
B of ANZG (2025) has appreciable embryo abnormality in the control and should not be considered in
the SSD approach. Therefore, the ANZG (2025) input dataset has been modified to remove the P. lividus
toxicity value (32 pg/L), and the amended dataset was then analysed using ssdtools v2.2.0 consistent
with the SET recommendations to derive updated EQGs. The amended ANZG (2025) data was used to
produce the SSD shown in Figure 3.

The SSD considered a total of ten studies covering 17 species to derive a very high reliability EQG.
Protection levels derived included the 99" percent = 9.2 pg/1, 90" percent = 86 pg/1 and 80™ percent =
190 pg/L. As the area adjacent to the Site is in a zone of moderate ecological protection, the 90" percent
species protection level of 86 pg/l should be used as the EQG to screen monitoring data. While these
updated EQGs derived using ssdtools v2.2.0 show close alignment to those derived in ANZG (2025) using
Burrlioz 2.0, the model-averaged distribution fit by ssdtools provides a more robust classification of the
underlying toxicity data than the single model fit applied by Burrlioz. Therefore, while the adjustment
seems marginal, the ssdtools method is technically superior and the resulting guideline values are more
defensible. In light of the noted technical deficiencies in ANZG (2025), the EQGs derived using ssdtools
will be preferred for monitoring areas of high, moderate and low ecological protection in Cockburn
Sound, respectively. The ANZG (2025) criteria will also be considered for screening purposes while
additional review of the technical deficiencies is conducted by the Audit Team. Further discussions with
the Audit Team are warranted to review relevant and applicable datasets needed to derive more refined
site-specific Tier 3 criteria.
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Black line indicates the model-averaged probability distribution line of best fit
Dashed line indicates 90 percent species protection level
The P. lividus toxicity value (32 pg/L) from the ANZG {2025) dataset was removed for this derivation due
to appreciable embryo abnormality in the control.

FIGURE 3 SPECIES SENSITIVITY DISTRIBUTION OF MARINE ALUMINIUM TOXICITY DATA FROM ANZG (2025)
Arsenic

Since publication of the LRV for arsenic, Golding et al. (2022) generated chronic toxicity data for arsenic
(V) from 13 temperate and tropical marine species representing seven taxonomic groups. This study was
undertaken specifically to fill the data gap of chronic arsenic toxicity data and to derive a new EQG to
replace the arsenic (V) LRV. With this goal, the paper clearly outlines the step-by-step process by which
they follow the derivation process outlined by Warne et al. (2018). The methods outline the process by
which they calculate chronic EC10 toxicity data and utilise the SSD methodology by employing Burrlioz
software (CSIRO, n.d.) for the analysis to derive an FQG for arsenic (V) for taxa specific to Australia.

Since the publication of the Golding et al. (2022) study, the NWQMS has agreed to transition from the

use of Burrlioz software to ssdtools. Therefore, the Golding et al. (2022) dataset has been re-analysed
with ssdtools v2.2.0 and the updated EQG is reported below.
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This EQG has been adopted as the basis for comparison of arsenic (V) and total arsenic concentrations as
arsenic is most often present as arsenic (V) in the marine environment. The EQG based on the data of
Golding et al. (2022) for arsenic (V) is a higher quality EQG than the current LRV because it:
e Has upgraded from a LRV to a moderate reliability EQG;
e Includes toxicity data for a greater number of species rather than using the assessment factor
method which uses a single acute toxicity datapoint and assessment factor;
Includes toxicity data for a greater number of taxonomic groups; and,
Incorporates both tropical and temperate data.

The SSD considered multiple studies to derive a moderate reliability EQG for arsenic (V) and total
arsenic. Protection levels derived included the 99™ percent = 0.30 pg/L, 90" percent = 17 pg/L and 80"
percent = 51 pug/L. These are the EQGs identified for areas of high, moderate and low ecological
protection in Cockburn Sound, respectively. As the area adjacent to the Site is in a zone of moderate
ecological protection, the 90" percent species protection level of 17 pg/l should be used as the EQG to
screen monitoring data at the Site. The data published by Golding et al. (2022) was used to reproduce
the SSD shown in Figure 4.

100%

ayreun mikroalga

Species affected (%)

10 1,000 16405
Concentration (pg/L)

Notes:

Black line indicates the model-averaged probability distribution line of best fit
Dashed line indicates 90™ percent species protection level
90™ percent species protection level has subsequently been rounded to two digits per Warne et al. (2018)

FIGURE 4 SPECIES SENSITIVITY DISTRIBUTION OF MARINE ARSENIC TOXICITY DATA FROM GOLDING ET AL. (2022)
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Gallium

A metanalysis by van Dam et al. {2018) joins toxicity data published since 2000 in an SSD analysis using
Burlioz software to derive a new EQG for gallium. The analysis was used to derive a new EQG following
the method described by Warne et al. (2015). While revisions in methodology have been developed by
Warmne et al. (2018), these changes do not materially impact on the criteria derivation. However, since
the publication of the van Dam et al. (2018) study, the NWQMS has agreed to transition from the use of
Burrlioz software to ssdtools. Therefore, the van Dam et al. (2018) dataset has been re-analysed with
ssdtools v2.2.0 and the updated EQGS are reported below. Species protection levels derived included
the 99" percent = 370 pg/L, 90*" percent = 1,100 pug/L and 80™ percent = 1,700 pg/L thresholds. These
are the EQGs identified for areas of high, moderate and low ecological protection in Cockburn Sound,
respectively.

There is limited toxicity data for gallium such that many regulating entities, Australian nor international
authorities, do not have a guideline in place (such as the Canadian Council of Ministers of the
Environment (CCME) or USEPA). The toxicity of six taxa considered in the SSD range from a diatom EC10
at 860 pg/L (Ceratoneis Closterium) to a few taxa that are more tolerant: a hermit crab (Coenobita
variabilis) EC10 at 6,010 pg/L and microalgae (Tisochrysis lutea) NOEC of 6,000 pg/L. These measured
marine toxicity values and calculated EQG are significantly greater (“40x greater) than the conservative
freshwater EQG previously developed for gallium. This proposed marine EQG is only considered low
reliability because of the fit of the data to the SSD distribution. Nevertheless, the derived EQG is
significantly more technically robust when compared to the LRV that used assessment factor approaches
on freshwater ecotoxicity data.

It is noted draft marine DGVs for gallium are currently under consideration by ANZG. If they are
finalised, they will be adopted as the EQGs for Cockburn Sound. The EQGs derived from the van Dam et
al. (2018) data will be used in the interim. As the area adjacent to the Site is in a zone of moderate
ecological protection, the 90" percent species protection level of 1,100 pg/L should be used as the EQG
to screen monitoring data at the Site. The data published by van Dam et al. (2018) was used to
reproduce the SSD shown in Figure 5.
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FIGURE 5 SPECIES SENSITIVITY DISTRIBUTION OF MARINE GALLIUM TOXICITY DATA FROM VAN DAM ET AL. (2018)

lron

The marine LRV for iron is 300 pg/L, this value was adopted from the Canadian guideline for freshwater
iron (Canadian Council of Resource and Environment Ministers (CCREM), 1987). A review of the
literature has identified very few updates to research on marine iron ecotoxicity. However, an EQG for
freshwater iron was promulgated in 2024, from an SSD analysis on the chronic toxicity data of 27 species
(Environment and Climate Change Canada (ECCC), 2024). This met the CCME minimum guidelines for
SSD development and meets the minimum data requirements for at least five species that belong to at
least four different taxonomic groups.

Several of the studies included in the analysis assessed how two toxicity-modifying factors (TMFs) to
iron, dissolved organic carbon (DOC) and pH, influence toxicity. TMFs were evaluated in Brix et al. (2023)
using a multiple linear regression (MLR) model for three species: Raphidocelis subcapitata, Ceriodaphnia
dubia and Pimephales promelas. The results of the MLR show that DOC was a significant TMF for all
three species, while pH was a significant TMF in R. subcapitata and P. promelas models, but not in the C.
-dubia model. Species-specific equations (Equation 2, Equation 3 and Equation 4) were then developed
using the MLR-derived slopes for R. subcapitata, C. dubia and P. Promelas to account for the influence of
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pH and DOC on iron toxicity where applicable. These equations were applied to normalise effects
concentrations for broader taxonomic groups (freshwater invertebrates, algae, and fish and amphibians,
respectively) to develop input datasets that could subsequently be evaluated using an SSD (Brix et al.,
2023).

EQUATION 2 (INVERTEBRATES) Normalised EC = EXP(In(EC005) = 0.6 = (In(DOC ppns) =
n(DOC a1 get)))

EQUATION 3 (ALGAE) Normalised EC = EXP(In(EC,eq5) —0.744 « (In(DOC 0 05) —
In(D 0Carger)) —0.322 « (PH meas — PHyarger))

EQUATION 4 (FISH AND AMPHIBIANS) Normalised EC = EXP(In(ECyeqs) —1.102 «
(In(DOCyeqs) = n(DOCrarger)) = 0.787 * (PHmeas = PHearger))
Notes:

DOCmess = measured DOC concentration of the study
DOCage: = target DOC concentration

EC = effects concentration

ECmeas= measured effects concentration of the study
In = natural log

PHmeas = measured pH of the study

PHeargec = target pH

Collated iron toxicity data published by ECCC (2024) were normalised to the median-case background
water scenario in Cockburn Sound, where DOC = 1.1 mg/L and pH = 8.2 s.u., utilizing the equations of
Brix et al. (2023} above. Normalised data were analysed using ssdtools v2.2.0 and the model-averaged
distribution is presented in Figure 6. Species protection levels derived included the 99" percent = 36
pg/L, 90" percent = 300 pg/L and 80* percent = 590 pg/L thresholds. As the area adjacent to the Site is
in a zone of moderate ecological protection, the 90™ percent species protection level of 300 pg/L should
be used as the EQG to screen monitoring data at the Site.
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FIGURE 6 SPECIES SENSITIVITY DISTRIBUTION OF IRON TOXICITY DATA FROM ECCC (2024)

Six additional model scenarios were evaluated with a static pH of 8 s.u. and varying DOC concentrations
(1.0,1.1,1.2,1.3, 1.4 and 1.5 mg/L) to highlight the influence of increasing DOC on species percent level
estimates. The results for each scenario examined are reported in Table 4. Values for high protection
areas (99" percentile) range from 36 pg/L to 44 ug/L and increase with greater DOC concentrations.
Values for moderate protection areas (90" percentile) and low protection areas (80" percentile) show
the same pattern. Moderate protection values range from 280 pg/L to 360 pg/L and low protection
values range from 540 pg/L to 710 pg/L.

This assessment highlights that 1) water quality directly influences iron toxicity; and, 2) since the effect
concentrations in the input dataset are based on toxicity in freshwater systems, the EQG values
reported here may not be applicable to the marine environment. Therefore, the EQG values for iron
based on the median-case background scenario (DOC = 1.1 mg/L and pH = 8.2 s.u.) will be adopted as
the interim EQGs for the purpose of advancing the program noting that further evaluation could be
required to develop a reliable set of EQGs that are protective of receptors in Cockburn Sound.
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TABLE 4 POSSIBLE IRON EQGS BASED ON VARIABLE PH AND DOC

Species | Ecological DOC (me/L)
Protection | Protection
Level (%) Level 1 1.1 1.1* 1.2 1.3 1.4 1.5
99% High 39 40 36 41 42 43 44
90% Moderate 280 300 300 310 330 350 360
80% Low 540 570 590 610 640 630 710
Notes:

All updated values have been rounded to two significant digits per Section 3.6 of Warne et al., (2018).

EQG results (pg/L) were computed with a pH = 8 s.u. unless otherwise indicated.
EQG results were derived using freshwater toxicity data and should be considered interim EQGs noting that further
evaluation of their applicability to the marine environment could be required.

Interim EQG values denoted in bold text.
“pH=8.2s.u.

DOC = dissolved organic carbon

mg/L = milllgrams per litre

s.u. = standard units

pg/lL = micrograms per litre

Since the publication of the current LRV for manganese, Golding et al. (2023) has collated 184 acute and
chronic marine toxicity datapoints from literature sources of acceptable quality. This dataset was
subsequently refined to 18 toxicity values representing individual species from five taxonomic groups
per the guidance of Warne et al. (2018). The stated objective of the Golding et al. (2023) study was to
provide robust marine water quality guideline values for marine systems in order to improve the current
LRV. The combined dataset was analysed using both Burrlioz 2.0 and ssdtools v0.1.1 software to
produce two sets of moderate reliability guideline values. However, since the publication of the Golding
et al. (2023) study, the ssdtools software has undergone substantial updates and is currently published
as v2.2.0 (Thorley et al., 2025). Therefore, the Golding et al. (2023) dataset has been re-analysed using
the latest version of ssdtools v2.2.0. Protection levels derived included the 99" percent = 180 ug/L, 90"
percent = 400 pg/L and 80™ percent = 580 pg/L thresholds. These are the FQGs identified for areas of
high, moderate and low ecological protection in Cockburn Sound, respectively.

As the area adjacent to the Site is in a zone of moderate ecological protection, the 90% percent species
protection level of 400 ug/L should be used as the EQG to screen monitoring data at the Site. The data
published by Golding et al. (2023) was used to reproduce the SSD shown in Figure 7. It is noted draft
marine DGVs for manganese are currently under consideration by ANZG._ If they are finalised, they will
be adopted as the EQGs for Cockburn Sound, The EQGs derived from the Golding et al. (2023) data will
be used in the interim.

30



Revised Relevant and Applicable Environmental Quality Guidelines (EQGs) for Cockburn Sound - k’ ”
EQG Identification and Derivation for Low Reliability Values of Select Metals

30 July 2025
100%
®7is0ch)
ePatyqgyra daedalka
eCesaronsss closterium
80%
£
E 60% 1
g
@
0
@
é 40%
w
20% 1
Acropors prudcata
OAa:vpon spathuiato
0% ' . -
! 1,000 10,500 le+05
401

Concentration {pg/L)

Noteas:
Black line indicates the model-averaged probability distribution line of best fit
Dashed line indicates 90% percent species protection level
90™ percent species protection level has subsequently been rounded to two digits per Warne et al. (2018)

FIGURE 7 SPECIES SENSITIVITY DISTRIBUTION OF MIANGANESE TOXICITY DATA FROM GOLDING ET AL. (2023)
Maolvbdenum

A metanalysis by van Dam et al. (2018) combines data published since 2000 in an SSD analysis to derive
a new EQG for molybdenum. The analysis followed the method of Warne et al. (2015), a predecessor to
Warne et al. (2018) with the same guiding principles. Ten of the 14 available data points are from a
study specifically looking to close data gaps for the toxicity of molybdenum (Heijerick et al., 2012). The
available data range from 4.4 mg/L EC10 for the Blue Mussel (Mytifus edulis; Morgan et al., 1986) to an
1,174 mg/L EC10 for the Pacific Oyster (Crassostrea gigas; Heijerick et al., 2012). The addition of extra
available data points allowed derivation of a moderate reliability EQG (due to the amount of data
available and the fit of the data). The data published by van Dam et al. {2018) was used to reproduce the
SSD shown in Figure 8.

It is noted that the distribution of the underlying data in Figure 8 appears bimadal. The model-averaged
fit for this data produced by ssdtools v2.2.0 is dominated by the log-normal mixture distribution, which
performs best on bimodal datasets. While this fitted SSD highlights the flexibility of the ssdtools
software to reliably fit a broad range of input dataset structures, it also suggests an existent gap in the
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van Dam et al. (2018) dataset and highlights a need for additional marine molybdenum toxicity studies
to improve data coverage.
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FIGURE 8 SPECIES SENSITIVITY DISTRIBUTION OF MOLYBDENUM TOXICITY DATA FROM VAN DAM ET AL. (2018)

A total of six studies covering 14 species were analysed to derive the 99™ percent = 1,300 pg/L, 90™
percent = 6,200 pg/L and 80" percent = 7,800 pg/L levels of species protection. These are the EQGs
identified for areas of high, moderate and low ecological protection in Cockburn Sound, respectively. As
the area adjacent to the Site is in a zone of moderate ecological protection, the 90™ percent species
protection level of 6,200 pg/L should be used as the EQG to screen monitoring data at the Site. It is
noted draft marine DGVs for molybdenum are currently under consideration by ANZG. If they are

finalised, they will be adopted as the EQGs for Cockburn Sound. The EQGs derived from the van Dam et
al. (2018) data will be used in the interim.

Selenium

No adequate EQGs were identified in the literature for selenium in the marine environment; thus,
derivation was necessary. The current LRV for selenium is 3 pg/L and is based on a single effect
concentration estimated using nominal concentration data (Nelson et al., 1988). Following the stepwise
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guidance on EQG derivation utilising the SSD approach in the ANZG (2018) guidance, a total of eight
studies (Brix et al., 2004; Forsythe et al., 1994; Glickstein, 1978; Karthikeyan et al., 2019; Martin et al.,
1981; Nagarjuna et al.,, 2018; Nelson et al., 1988 and Ward et al., 1981) were collated, classified and
assessed for quality. Data were screened, prioritising chronic data where possible and converting acute
data to chronic when necessary. This datasel is considered ‘preferred” as it covers 20 species and six
taxonomic groups, exceeding the minimum data requirements. The SSD approach (Figure 9) utilised
ssdtools v2.2.0 software to derive the 99" percent = 9.3 pg/L, 95" percent = 31 pg/L and 85" percent =
76 g/l protection levels, These are considered moderate reliability EQGs for areas of high, moderate
and low ecological protection in Cockburn Sound, respectively. Further details on the derivation process
can be found in Attachment C.
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FIGURE 9 SPECIES SENSITIVITY DISTRIBUTION FOR MIARINE SELENIUM ECOTOXICITY DATA

Selenium is known to bioaccumulate, which triggers the application of the species protection level
default water quality guideline one level above that which would normally be applied (e.g., if the 90™
percent |evel of species protection would normally be applied, the 95" percent level of species
protection should be used (Warne et al., 2018; ANZG, 2018)). It should be acknowledged that this
adjustment is a surrogate approach that does not directly consider potential risks to higher order biota
which may be exposed through dietary uptake. To establish greater confidence in the protectiveness of
the derived EQGs for selenium, an additional lines-of-evidence assessment was conducted to directly
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consider the bioaccumulation pathway in Cockburn Sound (Attachment D; Attachment E). This
assessment included a qualitative evaluation of available site-specific sea star (Archaster angulatus)
tissue data and quantitative dietary modelling (Presser and Luoma, 2010).

The robust lines-of-evidence assessment revealed two key findings:

1. Selenium tissue concentrations observed in a key invertebrate receptor species (A. angulatus)
adjacent to the Site do not differ significantly from those observed in background areas over 11
km away, and,

2. Surface water concentrations of selenium associated with adverse effects in waters adjacent to
the Site range from 322 pg/Lto 726 pg/L.

These findings demonstrate that both the 99* percent species protection level of 9.3 pg/L and the 95%
percent species protection level of 31 pg/lL generated through the SSD are protective of higher trophic
levels and as a site-specific limit, respectively. However, there are acknowledged uncertainties
associated with this lines-of-evidence assessment, specifically regarding parameterisation of the
quantitative dietary model, that preclude the adoption of the 95 percent species protection level (31
1g/L) derived for Site monitoring efforts at this time.

Additional model refinement through the collection of site-specific parameters is recommended to
reduce acknowledged uncertainties and develop a more reliable EQG that is protective of receptors in
Cockburn Sound. Focused Site sampling efforts should capture instantaneous measurements of
particulate and dissolved selenium fractions in the water column across different spatial and temporal
(i.e., tidal) scales in Cockburn Sound. In addition, collection of interstitial porewater samples would also
provide increased confidence in the equilibrium relationship between matrices in the active marine
environment. The resulting, robust dataset will provide an understanding of the fractional distribution
and concentration of selenium present adjacent to the Site and in background areas and will refine our
understanding of mixing dynamics and geachemical processes within the intertidal and subtidal zones.
Until refinement occurs, the 95" percentile background concentration of 10 pg/l. will be adopted as the
interim selenium EQG for the purpose of advancing the program,

Assessment of Background Conditions in Cockburn Sound

The EQC Reference Document highlights that EQGs should never be below natural (un-impacted)
background concentrations. Therefore, assessment of background surface water concentrations in
Cockburn Sound can be used in the instance where EQGs are less than background by providing a

secondary line of evidence for comparison as per the £EQC Reference Document. The objectives of this
assessment are to:

® Summarise sources of background surface water data considered;

e Discuss the standardisation methods used to align the data from multiple sources;
e Describe the marine background data evaluation approach; and,

e Report on background marine surface water adjacent to the Site.

In total, 49 samples were included in the assessment, which were obtained during field investigations
conducted in 2001, 2006, 2011 and 2023. Data obtained for samples analysed for aluminium, arsenic,
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chromium, gallium, iron, lead, manganese, mercury, molybdenum, selenium, uranium and vanadium
were used to establish 95™ percentile background concentrations (of the distribution). The 95™
percentile is suitable for comparison of areas of moderate level of ecological protection as stipulated by
the EQC Reference Document.

Sources of Background Data Considered

Analytical data from nearby marine background areas located to the north and south of the Site were
compiled from several sources. The below summary describes the datasets considered, approximate
sampling location and analytes included.

Datasets from the following sources were included in calculating the marine background:

e Oceanica 2012 Alcoa Nearshore Survey 2011 Data Report. This report includes data from
offshore sampling events conducted in 2001, 2006 and 2011 adjacent to the Site and in
background areas located to the north and south of the Site.

o Two samples were collected on each of seven transects. Transect seven, located near Robbs
letty, was considered North Background. Transect four, located to the South of the Site, was
considered South Background.

o Analytes included total and dissolved metals and other major ions.

s Additional 2023 sampling conducted by Alcoa and Ecotech. These samples were collected two
background areas based on their description. North of Jetty Contractors Yard was considered
South Background, Up Gradient Sample Noot Boat Ramp was considered North Background,
Location data were not provided for these samples but were estimated based on the description
of the locations Samples were collected in March and April 2023.

o Analytes included dissolved metals, major ions and other general chemical paramelers.

Standardisation of Marine Background Dalasets

For each dataset, the following steps were conducted to prepare and standardise the data to allow for
preliminary assessment:

1. Review the locations sampled and standardise sample naming and location conventions
(locations converted to Map Grid of Australia 1994 datum);

2. If required, digitise datasets from PDFs and conduct QA/QC to ensure accurate data conversion;

3. Convert datasets to ‘long’ format with one row per sample, per analyte to generate comparable
datasets;

4. Combine field and lab datasets (if possible) to enable comparison of field parameters and
analytical results;

5. Standardise analyte names by assigning a Chemical Abstracts Service Registry Number (CAS-RN)
value to each analyte present in the data;

6. Standardise sample date and time formats (if present);

Convert results to standardised units for each analyte;

8. Determine the fraction (total or dissolved) for each analysis to the extent possible based on
reports and communications with Alcoa; where no information was available results were
assumed to be total.

o
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Marine Background Data Evaluation

Data from areas north and south of the Site were evaluated for differences or similarities in
concentrations. No substantial variation was noted between the concentration of metals constituents;
therefore, marine background data were combined across locations. The 95™ percentile concentration
was calculated for each parameter to estimate the upper limit of measured background conditions. For
this calculation, non-detect values were set to %2 of the laboratory reported quantitation limit to avoid
inflating background estimates based on practical quantitation limits. Background data were
summarised separately for total and dissolved fractions to allow comparison of the differences in cases
when data on both total and dissolved concentrations of analytes were available.

Data from each of these sources was standardised as described in the sections above; however, not all
results are comparable given differences in sampling locations, analyses and sampling methods. While
efforts were made to avoid duplicating data and to ensure that data were correctly standardised,
combining datasets across sources inherently introduces some potential for error. Data standardisation
and preparation (other than transformation/assignment of spatial location data) was conducted. A
summary of the background dataset is found in Attachment B. The calculated 95" percentile
background concentrations can be found in Table 5.
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TABLE 5 BACKGROUND LEVELS OF SITE METALS

Background (95th percentile) Number of Background Datapoints (n)
Constituent Units Dissolved Total Dissolved Total
Aluminium ug/L 77.85 14.2 50 10
Arsenic e/l 77.18 1.81 49 10
Chromium (111) pg/L 12.5 37
Gallium ug/L 4.12 1 45 10
Iron ug/L 29.1 39
Lead pe/L 15 39
Manganese pg/L 2.2 2
Mercury* pg/L 0.05 0.05 10 10
Malybdenum pg/L 40.3 12 48 10
Selenium* pg/L 10 1 49 10
Uranium pe/L 3.42 3.455 9 10
Vanadium pe/L 3.88 2 49 10

Notes:
ug/L = micrograms per litre
* constituents known to bioaccumulate

The 95 percentile background concentrations should be applied to new EQG as referenced in the and
EQC Reference Document for Cockburn Sound: “Consistent with ANZECC & ARMCANZ (2000), for a high
level of ecological protection a new EQG for a water quality indicator would be derived from the 20%
percentile and/or 80" percentile of the natural background levels for that indicator, or for a moderate
level of ecolagical protection, the 5 and/or 95* percentiles”.

namrions summan

{
()L}

The 95™ percentile is suitable for comparison of areas of moderate level of ecological protection as
stipulated by the EQC Reference Document, The background values in concert with contemporised EQC
should be used in screening monitoring data at the Site. Based on the marine background data set
described above, a number of constituents have higher background concentrations than the derived
EQC. These background values will need to be considered relative to the contemporised guidelines
provided in Table 7 below as part of any screening level assessment.

Application of Contemporised Guidelines

The objectives of this section are to

e Summarise the site-specific and contemporised EQGs compiled and derived through this
assessment; and,
e Discuss considerations for the application of the EQGs.
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summary of Site-Specific and Contemporised EQGs

The adoption of contemporised EQGs was conducted in a structured, hierarchical approach that relies
on local guidance in Western Australia, alternative identified or derived EQGs of suitable quality
including that of international standards presented herein, ANZG (2018) and, ANZECC & ARMCANZ
(2000). The technical assessment that identified various alternative, contemporised EQGs to replace
LRVs addresses an important data gap in previous assessments. EQGs for each constituent were
individually scrutinised for the most scientifically-sound basis for assessment against any monitoring
data obtained on Site.

The following hierarchy of EQGs was adopted:
e [EQC Reference Document EQGS for moderate environmental protection

o Cadmium, chromium, chromium (V1), cobalt, copper, lead, mercury, nickel, silver,
vanadium and other non-metal compounds.

e Alternative EQGs established herein to replace select LRV metals:
o ANZG (2025) - aluminium
o EHS Support (2023) — selenium (Attachment C)

= Acknowledged uncertainties associated with the lines-of-evidence assessment

(Attachment E), specifically regarding parameterisation of the quantitative
dietary model, preclude the adoption of the 95" percent species protection
level (31 pg/L) derived for Site monitoring efforts at this time.

Golding et al. (2022) — arsenic and arsenic (V)

ECCC (2024) —iron

van Dam et al. (2018) — gallium, molybdenum

o o 9

o Golding et al. (2023) — manganese
s ANZG (2018)
o Zinc (2021)
o All other metals EQGs in EQC sourced from ANZG (2018)
o Other non-metal compounds
» ANZECC & ARMCANZ (2000)
o Antimony and boron retained as described.
e Site-specific marine background data
o Oceanica (2012) and 2023 data collected by Alcoa.
o Selenium (Attachment C)
®  The 95" percentile background concentration has been adopted as the interim
EQG for the purpose of advancing the program noling that further assessment
could be required to develop a reliable EQG that is protective of receptors in
Cockburn Sound.
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Contemporised criteria to replace or upgrade LRVs have been identified or derived to support decision
making in Cockburn Sound. Areas in Cockburn Sound have been designated with varying levels of
ecological protection based on current and historical land and water use. An illustration of the spatial
distribution of areas of low, moderate and high levels of ecological protection defined by the SEP is
provided in Figure 2. The figure illustrates that the majority of the Site is situated in a zone classified as
moderate ecological protection, with a portion of the southern end of the Site (closest to a neighbouring
industrial area) in an area of low ecological protection. Further, as noted above the area around the
jetty could be considered an area of low ecological protection due to routine navigational dredging
activities. The contemporised criteria are provided in Table 6. The adopted values consist of a
combination of current EQGs and upgraded LRVs based on the criteria hierarchy listed above.
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TABLE 6 CONTEMPORISED CRITERIA FOR COCKBURN SOUND
High Moderate Low
Constituent Units | Ecological | Ecological | Ecological EQG Source Derivation Source Data Source
Protection | Protection | Protection
AmmoniaasN | pg/L 1,200 ANZECC (2000) ANZECC (2000) ANZECC (2000)
Dissolved Oxygen % 80 ANZECC (2000) ANZECC (2000) ANZECC (2000)
Nitrate as N ug/L 100,000 ANZECC (2000) ANZECC (2000) ANZECC (2000)
pH S.u. 9 EQC Reference Document | EQC Reference Document | EQC Reference Document
Aluminiumt ug/L 9.2 86 190 EHS Support (2025) EHS Support (2025) ANZG (2025)
Antimony ug/L 270 ANZECC (2000) ANZECC (2000) ANZECC (2000)
Arsenic (I11) pg/L 23 N/A ANZECC (2000) ANZECC (2000)
Arsenic (V) ug/L 45 N/A ANZECC (2000) ANZECC (2000)
Arsenic ug/L 0.30 17 51 EHS Support (2025) EHS Support (2025) Golding et al. (2022)
Boron pg/L 5,100 ANZECC (2000) ANZECC (2000) ANZECC (2000)
Calcium ug/L NC NC NC NC
Cadmium® ug/L 0.7 14 14 EQC Reference Document ANZG (2018) ANZG (2018)
Chromium (l1l) ug/L 7.7 49 EQC Reference Document ANZG (2018) ANZG (2018)
Chromium (V1) ug/L 0.14 20 EQC Reference Document ANZG (2018) ANZG (2018)
Copper ug/L 03 3 EQC Reference Document ANZG (2018) ANZG (2018)
Gallium pg/L 370 1,100 1,700 EHS Support (2025) EHS Support (2025) van Dam et al. (2018)
Ironf ug/L 36 300 590 EHS Support (2025) EHS Support (2025) ECCC (2024)
Lead ug/L 2.2 6.6 EQC Reference Document ANZG (2018) ANZG (2018)
Manganese pe/L 180 400 580 EHS Support (2025) EHS Support (2025) Golding et al. (2023)
Mercury* ug/L 0.1 0.7 0.7 EQC Reference Document ANZG (2018) ANZG (2018)
Molybdenum ug/L 1,300 6,200 7,800 EHS Support (2025) EHS Support (2025) van Dam et al. (2018)
Nickel ug/L 7 200 ANZG (2018) ANZG (2018) ANZG (2018)
Selenium*# pg/L 10 Background Dataset - Various Sources
Uranium ug/L 15 CCME (2011) ANZECC (2000) ANZECC (2000)
Vanadium ug/L 50 160 EQC Reference Document ANZG (2018) ANZG (2018)
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Zinc we/l | 303 | 23 ANZG (2021) ANZG (2021) | ANZG (2021)
Carbon Disulfide ug/L 20 ANZECC (2000) ANZECC (2000) ANZECC (2000)
Notes: _
EQC Ref Doc = Environmental Quality Criteria Reference Document for Cockburn Sound
% = percent

s.u. = standard units

ug/L = micrograms per litre

*Constituents for which bioaccumulation is 2 consideration. In accordance with EQC Reference Document for Cockburn Sound and ANZG (2018), the high, moderate and low
ecological protection levels correspond to the 99, 95 and 85" LOP as ANZG (2018) states, “to account for the bioaccumulating nature of this toxicant, it is recommended to
apply the species protection level DEQG one level above that which would normally be applied (e.g. if 95 percent |evel of species protection would normally be applied,
then the 99 percent DEQG should be used (Warne et al., 2018).” In this case, the marine area adjacent to the Site is a moderate {90 percent LOP) and accounting for
bicaccumulation we apply the 95th percent species protection level. These are the values shown in Table 6.

** Select non-metals are listed in Table 6. Non-metals not listed will be sourced as described in the hierarchy of EQGs above.

T Additional discussion with the Audit Team is warranted pertaining to the use of this derived value when compared to that of ANZG (2025).

+ The 95% percentile background concentration has been adopted as the interim EQG for the purpose of advancing the program noting that further assessment could be
required to develop a reliable EQG that is protective of receptors in Cockburn Sound.

§ Iron values were derived using freshwater toxicity data and should be considered interim EQGs noting that further evaluation of their applicability to the marine
environment could be required.
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This comprehensive list of contemporised criteria should be used in accordance with the SEP and EQC
Reference Document for Cockburn Sound for assessing environmental quality. Additional details
pertaining to potential measurement approaches and other considerations for the application of EQGs
in Cockburn Sound are provided below.

Cansiderations for Application of EQGs

The contemporised EQGs compiled herein are considered to be appropriate for the assessment of
aqueous phase environmental monitoring data collected adjacent to the Refinery in Cockburn Sound. As
per the EQC Reference Document for Cockburn Sound, “the extent of the area from which environmental
quality data are to be collected and compared against the EQC will depend on the objective of the
monitoring and reporting program and will therefore need to be established on a case-by-case basis and
clearly defined in the monitoring program.”

It is important to ensure that monitoring programs are designed to provide the appropriate leve| of
temporal and spatial coverage to adequately characterise the area in question and minimise potential
uncertainty from variable monitoring data. On the basis that the criteria are based on chronic exposures,
receplors must experience prolonged exposure before deleterious effects will be observed.

For contemporised EQGs compiled herein, the approach adopted for completing a screening level
assessment of data and determining whether a potential significant and unacceptable change has
occurred, is consistent with ANZECC & ARMCANZ (2000) and comprises the following stepwise
approach:
e Compare the 95th percentile of the receiving environment monitoring data with the EQC. If
there are no exceedances, then potential effects are considered unlikely; and
e If a constituent from the assessment described in the previous step exceeds the EQC compare
the 95% percentile for that constituent to the calculated background. If the concentration does
not exceed background, then there is no incremental increase in risk over background.
e |f the concentration exceeds the EQC and background a potential significant and unacceptable
change may be occurring, and further evaluation of risk (Tier 2 or Tier 3) is recommended.

Conclusions

This assessment provides a review of the regulations from the SEP, EQC Reference Document and other
applicable Australian guidance (ANZECC and ARMCANZ, 2000; ANZG, 2018) governing water quality
compliance in Cockburn Sound, Western Australia. Clearly defining relevant and applicable criteria for
the marine environment is fundamental to the assessment of ecological risk and evaiuation of risk
managemenlt requirements.

Contemporised toxicity data and criteria have been identified through this assessment and considered
applicable for the comparison to marine surface water and sediment pore water in Cockburn Sound
adjacent to the Refinery. Robust criteria for several LRVs were identified by extensive literature searches
and subsequent derivation in accordance with methods outlined by ANZG (2018) and Warne et al_
(2018).
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The established EQGs leverage recent advancements in toxicity data in the last two to three decades
since LRVs were developed. The contemporised EQGs represent a significant improvement for LRVs over
existing criteria used at the Site to assess conditions in Cockburn Sound, as these contemporised EQGs
(aluminium, arsenic, gallium, iron, molybdenum, manganese and selenium) have a higher reliability and
ulilise a more robust technical approach. No changes to the existing HRVs have been made with many of
these values incorporating more contemporary data as described in ANZG 2018 and subsequent
addendums.

The contemporised EQGS can be coupled with a suitable monitoring program to enable detailed
assessment of Cockburn Sound and provide a high degree of certainty that the associated
environmental quality objective has been achieved.
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Attachment A Detailed Technical Basis of Metal Low Reliability Values

Introduction

Low Reliability Values (LRVs) are designated as such because they are derived from insufficient toxicity
data to qualify as a guideline in the Environmentai Quality Criteria (EQC) Reference Document for
Cockburn Sound (“EQC Reference Document”). The LRVs in the EQC Reference Document were
developed based on the toxicity data available when the Australian and New Zealand Environment and
Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand
(ANZECC & ARMCANZ) guidance was adopted in 2000. Thus, many LRVs are based on toxicological
literature from over 20 years prior to guidance publication. The updated guidance, the Australian and
New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018}, states that LRVs should only
be used in the following circumstances:

e Intheinterim;

e With a plan to improve the value;

e With other lines of evidence to account for the low reliability and improve the overall

confidence in the assessment; and,
o With documented justification for why the LRV is used.

Published guidelines have different terms to discuss low reliability criteria. For continuity, we’ll use the
term “Low Reliability Values” or “LRVs”, consistent with the £EQC Reference Document.

LRVs found in the EQC Reference Document originated from ANZECC & ARMCANZ (2000). LRVs were
derived using four different methods that varied depending on the availability and quality of toxicity
data for a given metal analyte. LRVs for marine metals were established by:

e Adoption of freshwater values where no marine literature exists;

s Adoption of guidelines developed by other international regulatory bodies;

* Adoption of background data as the LRV; or,

¢ By the assessment factor approach.

Each approach used to develop LRVs is discussed in the Critical Review of Low Reliability Values section
of the Relevant and Applicable Environmental Quality Guidelines (FQGSs) for Cockburn Sound — EQG
ldentification and Derivation for Low Reliability Values of Select Metals Memorandum .

LRVs have previously been used as screening criteria when no other criteria are available. Previous
investigations into groundwater contamination at Alcoa Kwinana Refinery in Navy Base, Australia have
used LRVs as assessment criteria as LRVs were the only values available. The Mandatory Auditor’s
Report (MAR; Senversa, 2018) noted that several existing exceedances of ecological criteria were
attributed to metals with LRVs. As discussed in the MAR and Golder (2017), site metals with
concentrations exceeding Tier 1 ecological criteria are as follows:

e Aluminium, gallium, iron, manganese and molybdenum exceed LRVs;

® Arsenic and selenium exceed other overseas guidelines; and,

¢  Chromium (lll), vanadium and zinc exceed moderate protection EQGs.
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LRVs are not recommended for assessing environmental performance, but they do provide managers
with information that can assist with decision-making regarding environmental quality in Cockburn
Sound. Understanding how LRVs are derived is critical to understanding the technical limitations of their
application. A detailed description of the technical basis of the LRVs with known exceedances at the Site
(listed above), in addition to marine LRVs listed by ANZECC & ARMCANZ (2000; antimony and boron) is
described below.

Objectives

The objectives of the critical review of LRVs are to:
e Summarise the supporting assumptions contributing to each existing metal LRV; and,
* Provide a detailed review of the technical information supporting the derivation of each LRV on
a metal-by-metal basis.

Understanding the information that contributed to the LRVs is a critical step to informing more
technically robust EQGs suitable for Cockburn Sound.

Detailed Technical Basis for Low Reliability Values for Metals

Information contributing to marine metal LRVs are detailed below. The purpose of this assessment is to
review the derivation process for LRVs for metals of interest at the Site and highlight the available
toxicological information that contributed to each metal LRV. Understanding the detail in the derivation
process for individual metals highlights the assumptions contributing to the LRV development and
associated challenges for application.

Aluminium

The ANZG (2018) LRV for aluminium in the marine environment is 0.5 pg/L. The marine aluminium LRV
was originally developed as part of the ANZECC and ARMCANZ guidance (2000). Acute toxicity data was
available for six species across three taxonomic groups. However, given the number and quality of
toxicological studies, the assessment factor approach was applied to the most sensitive taxa. Among the
toxicological studies evaluated in ANZECC, the lowest value is from a 96-hour survival study on the
annelid Ctenodrilus serratus, with an LC50 of 97 pg/L (Petrich and Reish, 1979). The LC50 identified for
the polychaete was a factor of 2.5 times lower than the next most sensitive taxa. The most tolerant
taxon was a crustacean, Nitocra spinipes, which had an LC50 of 10,000 pg/L. An assessment factor of
200 was adopted “because the environmental concern level (ECL) factor of 1,000 was considered
excessive for such a commonly found element” (ANZECC & ARMCANZ, 2000).

Golding et al (2015) report states that “pristine oceanic dissolved aluminium concentrations are near
0.019 mg L in the Southern Ocean (Middag et al_, 2011), whereas relatively uncontaminated coastal
waters such as those in Port Hacking (New South Wales, Australia) have concentrations in the 1.2 mg to
1.8 mg Al/L range (J. King, 2013, Honours thesis, University of Wollongong, Wollongong, Australia).”
Limited technical basis was provided for the selection of the alternative assessment factor for
aluminium. The lack of consideration to the natural background concentration of aluminium also
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demonstrates that the application of the assessment factor approach results in an arbitrary limit that
does not consider empirical observations of chronic aluminium effects or marine water background.

Aluminium concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site
(Golder, 2022; Senversa, 2018). Extensive research has been undertaken since the above LRV was
adopted to understand the toxicity of aluminium in marine systems and is identified as an opportunity
for further refinement.

Antimony

The existing ANZG (2018) LRV for antimony in the marine environment is 270 pg/L. The marine antimony
LRV was originally developed as part of the ANZECC and ARMCANZ guidance (2000). The marine toxicity
data for antimony was limited to three species across two taxonomic groups (fish and crustaceans). The
lowest toxicity value (two crustacean species, Carcinus maenas and Palaemon serratus, 24h-9 d LC50
267,000-534,000 pg/L; Amiard, 1976) was divided by an assessment factor of 1000 (due to the limited
data). This chronic value was a factor of two times lower than the other two taxa (which also happened
to be the most sensitive taxa as data for only three species were available). Antimony was not
considered to be a metal of interest at the Site (Golder, 2014; Senversa, 2018) and is not found in
appreciable quantities in Bauxite ore (Golder, 2017).

Arsenic

Arsenic exists in four oxidation states: V, lll, 0 and -IIl {(Maher and Butler, 1988; Sharma and Sohn, 2009).
Approximately 90 percent or more of total arsenic in aerobic seawater is present as inorganic arsenate
(arsenic (V)) with the most abundant oxyanion being HAsOs*"(Sadig, 1990; Neff, 1997). However, arsenic
(111} is more toxic than arsenic (V) to marine organisms. A summary of the LRVs for arsenic (lll) and
arsenic (V) is provided below.

The existing ANZG (2018) LRV for arsenic (IlI} in the marine environment is 2.3 pg/L. The marine arsenic
(111) LRV is low reliability interim trigger value originally developed as part of the ANZECC and ARMCANZ
guidance (2000). There were no screened marine toxicity data for arsenic (111), so the low reliability
(interim) value of 2.3 pg/lL was derived from the unscreened data available from the USEPA (1986). Data
came from 12 marine organisms with acute toxicity values ranging between 232 pg/L (zoeae of the
Dungeness crab) and 16,030 pg/L (Atlantic silverside) comprised of three fish and eight invertebrate
genera. The most sensitive genus, Cancer, was 69 times more sensitive than the most resistant, Menidia.
A standard assessment factor of 100 was used to calculate the EQG given the and low reliability
guidelines and the size and diversity of the dataset (USEPA, 1986).

Like arsenic (l11), the existing arsenic (V) LRV in the marine environment is a LRV developed in 2000
(ANZECC and ARMCANZ, 2000). The existing LRV for arsenic (V) is 4.5 ug/L. At the time of development,
chronic toxicity data for arsenic (V) in the marine environment was only available for two taxonomic
groups (crustaceans and algae) and five species. The current low reliability (ECL) marine guideline trigger
value of 4.5 pg/l was derived using the lowest LC50 value (a crustacean, Mysidopsis bahia 96-h LC50 of
893 pg/L; Lussier, 1984) and an assessment factor of 200. The assessment factor of 200 was used
because the limited data were chronic.
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Arsenic concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site
(Senversa, 2018). Extensive research has been undertaken since the above LRV was adopted to
understand the toxicity of arsenic in marine systems and is identified as an opportunity for further
refinement.

Boron

The existing LRV for boron in the marine environment is 5,100 pg/L. This figure was adopted as the LRV
for the marine environment as marine toxicity data for boron was only available for two species of fish
(4-12 d LC50; 12,200-88,300 pug/L), which is insufficient to derive an EQG. Instead of deriving a LRV on
the limited data, the background concentration of boron in seawater 4,500-5,100 pg/L (Kennish, 1989;
Stumm & Morgan, 1995) was adopted as the LRV. This LRV was originally developed in 2000 as part of
the ANZECC and ARMCANZ guidance (2000). Boron was not considered to be a metal of interest at the
Site (Golder, 2014; Senversa, 2018) and is not found in appreciable quantities in Bauxite ore (Golder,
2017).

Gallium

Neither ANZG (2018) nor ANZECC and ARMCANZ guidance (2000) had marine toxicity data to derive a
marine EQG for gallium. Therefore, the freshwater LRV for gallium was used in lieu of a marine LRV. The
existing LRV for freshwater gallium is 18 pg/L which is based on three datapoints for two species of
freshwater fish. The two fish were rainbow trout, Oncorhynchus mykiss (28-day LC50; 3,510 pg/L) (Birge
et al., 1980) and the common carp, Cyprinus carpio (3-day no endpoint recorded, 2,400 to 17,000 ug/L;
Hildebrand and Cushman, 1977). From this, a freshwater LRV was derived using an assessment factor of
200 because the study was chronic (ANZECC & ARMCANZ 2000). Because of the deficiency of marine
toxicity data, many other regulating entities do not have guidelines for gallium in marine environments.

Gallium concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site
(Golder, 2022; Senversa, 2018). Extensive work has been undertaken since the above LRV was adopted
to understand the toxicity of gallium in marine systems and is identified as an opportunity for further
refinement.

lron

The existing ANZG (2018) LRV for iron in the marine environment is 300 pg/L. At the time of the ANZECC
derivation, no adequate data on marine iron toxicity was available. Therefore, the marine iron LRV was
adopted from the Canadian guideline for marine iron (CCREM, 1987) as part of the ANZECC and
ARMCANTZ guidance (2000) as a low reliability (interim) trigger value. The data considered for the
CCREM-derived guideline came from 3-week LC50 for Daphnia magna of 5,900 pg/L (Biesinger and
Christensen, 1972), EC50 for fathead minnow of 1,500 pg/L (Sykora et al., 1972) and the safe
concentration for exposure of juvenile brook trout ranged between 7,500 pg/L and 12,500 pg/L (CCREM,
1987).
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Iron concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site (Senversa,
2018). Extensive work has been undertaken since the LRV was adopted to understand the toxicity of iron
in marine systems and is identified as an opportunity for further refinement.

Manganese

The existing ANZG (2018) LRY for manganese in the marine environment is 80 pg/L. The marine
manganese LRV was originally developed as part of the ANZECC and ARMCANZ guidance (2000). The
limited data come from six species that belong to three taxonomic groups, and the two lowest available
toxicity data points were removed as they were considered anomalous (Lowest Observed Effect
Concentration (LOEC) for a crustacean at 10 pg/L and a value far EC50 for algae at 1,500 pg/L). The next
lowest toxicity data available was for the American Oyster, Crassostrea virginica, with a 48-h LC50 of
16,000 pg/L (Calabrese et al., 1973). The maximum toxicity data available at the time of derivation was a
crustacean LOEC of 70,000 pg/L, which is four times greater than the toxicity data used for derivation of
the LRV. An assessment factor of 200 was used as the lowest toxicity value was chronic. Manganese
concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site (Senversa,
2018). Significant work has been undertaken since the LRV was adopted, thus, this metal has been
identified for further refinement.

Molybdenum

The existing ANZG (2018) LRV for molybdenum in the marine environment is 23 pg/L. The marine
molybdenum LRV is low reliability trigger value originally developed as part of the ANZECC and
ARMCANZ guidance (2000). Marine data for molybdenum toxicity were only available on one species of
diatom and one species of dinoflagellate (EC50 values fram 4,500 to 18,000 pg/L; Wilson, 1980) which
were insufficient to derive a trigger value (ANZECC, 2000). A low reliability Environmental Concern Level
(ECL) of 23 pg/L was derived from the limited data. An assessment factor of 200 was used as
“molybdenum is an essential element (ANZG, 2018)".

Molybdenum concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site
(Golder, 2022; Senversa, 2018). Extensive research has been undertaken since the above LRV was
adopted to understand the toxicity of molybdenum in marine systems and is identified as an
opportunity for further refinement.

Selenium

The existing ANZG (2018) LRV for total selenium in the marine environment is 3 pg/L. The marine
selenium LRV is & low reliability (interim) trigger value originally developed as part of the ANZECC and
ARMCANZ guidance (2000). The selenium LRV was derived from acute toxicity data from three different
taxonomic groups (fish, crustacea and mollusca). The available toxicity data for algae did not pass
screening criteria and though algae data was not included in the toxicity data as it did not pass screening
guidelines, it was included because the addition of the algae data “does give an indication of the
sensitivity of alga and it did not drive the size of the LRV — it anly modifies the size of the assessment
factor (ANZECC and ARMCANZ, 2000)”. The inclusion of the algae toxicity data allowed an assessment
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factor of 100 to be used. The lowest toxicity data available (96-hr LC50 for the bay scallop, Argopecten
irradians at 255 pg/L; Nelson et al., 1988) used to derive the LRV was almost three times lower than
other toxicity data available, In addition, nominal concentrations of the metal were used in the methods
to determine the toxicity of the bay scallop. ANZG (2018) guidelines state that studies based on nominal
concentratians of chemicals should not be included in EQG derivation.

Selenium concentrations in groundwater were found to exceed Tier 1 ecological criteria at the Site
(Senversa, 2018). Extensive research has been undertaken since the above LRV was adopted to
understand the toxicity of selenium in marine systems and is identified as an opportunity for further
refinement.

Summary of Low Reliability Value Technical Basis

In summary, LRVs were exceeded at the Site and the derivation process for each LRV was variable
depending on the available ecotoxicological data. The LRVs for aluminium, antimony, arsenic, boron,
gallium, iron, manganese, molybdenum and selenium all have some inherent technical limitations which
constrain their utility for use in assessing conditions in Cockburn Sound.
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLEB1

Available Background Marine Surface Water Data

Alkalinity, Bicarbonate (As CaCO3) Total 120 mg_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 27-Mar-23 - C
Alkalinity, Carbonate (As CaC03) Total 5 WL Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Rampll 27-Mar-23 - - - C
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 27-Mar-23 - C

Alkalinity, Total (As CaCO3) Total 120 n‘/ L Detect N Background Area | lip Gradient Sample (Noot Boat Ram n)l 27-Mar-23 - C
Dissolved Drganic Carbon Dissolved 1.2 n§/ L Detect N Bitk!round Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 - .- - C
Hardness {As CaC03) Total 6,500 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 - - - C
pH Total 820 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 - C

Aluminum Digsolved 0.04 ng_/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Rampu 17-Mar-23 - .- - C

Arsenic Disscived 0.0054 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 - C
Chromium (11} Dissolved 0.005 mg/L Non-Detect | N Background Area | Up Gradient S5ample (Noot Boat Ramp) 27-Mar-23 - C
Gallium Dissolved 0.002 n‘/t Non-Detect N Batground Area |Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - - . C

Iron Dissolved 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 27-Mar-23 - - - C

Lead Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 C
Molybdenum Dissolved 0016 n‘{L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Mar-23 - - - C
Salenium Dissolved 0,002 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 27-Mar-23 C
Vanadium Dissolved 0.0024 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) | 27-Mar-23 - - C
Alkalinity, Total (As CaCO3) Total 120 n"_/ L Detect S Background Area T4 10 - - - N A
Atkalinity, Total {As CaCO3) Total 120 mg/L Detect S Background Area T4 10 - - N A
Alkalinity, Total (As CaCO3) Totsl 120 mg/L Detect N Background Area 17_10 - - - N A
Alkalinity, Total (As CaCO3) Total 120 mg/L Detect N Background Area T7_10 - - - N A
Alkalinity, Total (As CaCO3) Total 120 W L Detect S Background Area T4 40 - - N A
Alkalinity, Total (As CaCO3) Total 120 mg/L Detect S Background Area T4 40 - - - N A
Alkalinity, Total (As CaCO3) Total 120 nill Detect N Background Area T7_40 - - - N A
Alkalinity, Total {As CaCO3) Total 120 mg/L Detect N Background Area T7_40 - - N A
pH Total 8.20 pH units Detect S Background Area 14_10 - N A

pH Tokal 8.20 pH units Detect N Background Area 77_10 ~ - - N A

pH Total 8.20 _pH units Detect S Background Area T4 40 - - N A

pH Total 8.20 pH units Detect N Background Area 17_30 - >~ - N A

pH Total 810 pH units Detect S Background Area 74_10 - - - N A

pH Total 8.00 PH units Dotect S Background Area T4 40 - - N A

pH Total 7.50 pH Lnits Detect N Background Area 17_10 — - N A

pH Total 7.50 pH units Detect N Background Area 1740 B B - N A

Aluminum Dissolved 0.01 mg/L Detect S Background Area T4 40 — - - FD A
Aluminum Dissolved 0.01 ma/L Detect S Background Area T4 40 = = = N A
Aluminum Dissolved 0.00% me/L Detect N Background Area T7_40 - - - N A
Aluminum Dissolved 0.007 ma/L Detect S Background Area T4 40 - - - N A
Aluminum Dissolved 0.006 ma/L Detect S Background Area T4_10 - - N A
Aluminum Dissolved 0.005 me/L Non-Detect | S Background Area T4_10 - - - N A
Aluminum Dissolved 0.008 mg/L Non-Detect | N Background Area 17_10 - - . N A
Aluminum Dissolved 0.005 ma/L Non-Detect | N Background Area 17_10 - - - N A
Aluminum Dissolved 0.005 ma/L Non-Detect | S Background Area T4_40 - - N A
Aluminum Dissolved 0.005 ma/L Non-Detect | N Background Area 17 40 - - - N A
Aluminum Dissolved 0,005 ma/L Non-Detect | N Background Area T7_40 - - - N A
Aluminum Total 0.016 ma/L Detect S Background Area T4_40 - - N A
Aluminum Total 0.012 mg/L Detect S Background Area T4 10 - - - N A
Aluminum Total 0,011 ma/L Detect S Background Area 14_10 - - N A
Aluminum Total 0.00% mg/L Detect S Background Area T4 40 - - N A
Aluminum Total 0.008 ma/L Detect N Background Area 17 10 — - - N A
Aluminum Total 0.008 ma/L Detect S Background Area T4_40 - - N A
Aluminum Totol 0.008 ma/L Detect N Background Area 17_40 — - N A
Aluminum Total 0.005 m&’l. Non-Detect | N Bad!round Area 17 _10 - - N A
Aluminum Total 0.005 ma/L Non-Detect | N Background Area 77_40 N A
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TABLE B1
Available Background Marine Surface Water Data
EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Aluminum Total 0.005 me/L Non-Detect | N Background Area 17_40 - - - -~ N A
Arsenic Dissolved 0,0018 me/L Detect S Background Area T4 40 - - - - D A
Arsenic Dissolved 0.0017 mg/L Detect N Background Area 17_10 - - - - N A
Arsenic Dissolved 0.0016 n‘/ L Detect S Background Area T4 10 - - - - N A
Arsenic Dissohved 0.0015 mg/L Detect S Background Area T4 40 - - - - N A
Arsenic Dissolved 0.0014 ma/L Detect N Background Area 17_10 - - - - N A
Arsenic Dissolved 0.0014 me/L Detect N Background Area T7_40 - - - - N A
Arsenic Dissolved 0.0013 ng_l L Detect S Background Area T4 10 - - .- .- N A
Arsenic Dissclved 0.0013 ma/L Detect S Background Area T4_40 - - - FD A
Arsenic Dissolved 0.0013 mg/L Detect N Background Area 17_40 - - - - N A
Arsenic Dissohved 0.0012 ma/l Detect S Background Area T4 40 - - . - N A
Arsenic Total 0.0019 NI;/ L Detect S Background Area T4_10 - - - - N A
Arsenic Totol 0,0017 mg/L Detect N Background Area T7_40 - -~ - -~ N A
Arsenic Total 0,0016 mg/L Detect S Background Area T4_10 - - - - N A
Arsenic Total 0.0016 lm‘I L Dotect N Background Area T7_10 - - - - N A
Arsenic Total 0.0015 mg/L Detect S Background Area T4_40 - - ~ - N A
Arsenic Total 0.0014 mg/L Detect N Background Area T17_10 - - - - N A
Arsenic Total 0.0013 mg/L Detect S Background Area T4 10 - - - - N A
Arsenic Totsl 0.0013 mg/L Detect N Background Area T7_40 - - ~ - N A
Arsenic Total 0.0010 mg/L Detect S Background Area T4_40 - - - - N A
Arsenic Total 0.0010 mg/L Non-Detect | N Background Area T7_40 - - - -~ N A
Gallium Dissolved 0.001 mg/L Non-Detect | SBackground Area T4 10 - - - - N A
Gallium Dissolved 0.001 mg/l Non-Detect | S Background Area T4_10 - - - - N a
Galfium Dissolved 0.001 mg/L Non-Detect | N Background Area T7_10 - - - - N A
Galllum Disscived 0.001 mg/L Non-Detect | N Background Area 17_10 - N A
Galllum Dissolved 0.001 mg/L Non-Detect | SBackground Area T4_40 - - - - N A
Gallium Dissolved 0.001 mg/L Non-Detect | SBackground Area T4 40 - - - - N A
Galilum Dissclvad 0.001 me/L Non-Detect | S Background Area 14 30 - - ~ - FD A
Gallium Dissolved 0,001 n{/ L Non-Detect | S Background Ares T4_40 - - -~ - FD A
Gallium Dissolved 0,001 mg/L Non-Detect | N Background Area T7 40 - - - - N A
Galllum Disselved 0.001 W L Non-Detect | N Background Area 17 40 = = - = N A
Gallium Total 0.002 mg/L Non-Detect | S Background Area T4 430 - - ~ - N A
Gallium Total 0002 mg/L | Non-Detect | N Background Area 1740 - - - - N A
Gallium Toxal 0.001 ma/L Non-Detect | S Background Area T4 10 = = = = N A
Gallium Total 0.001 me/L Non-Detect | S Background Area T4_10 - - -~ - N A
Gallium Total 0.001 ﬂgl. Non-Detect N Background Area 77 10 - - - - N A
Galllum Total 0.001 ma/L Non-Detect | N Background Area 17_10 - - - - N A
Gallium Total 0.001 me/L Non-Detect | S Background Area T4_40 - - - - N A
Gallium Total 0.001 mg/L Non-Detext | S Background Area T4 40 - - .- .- N A
Galilum Total 0.001 ma/L Non-Detect | N Background Area 17_40 B - B - N A
Gallium Total 0.001 ma/L Non-Detect | N Background Area T7_40 - - - -~ N A
Mercury Dissolved 0.0001 ma/L Non-Detect | S Background Area T4 10 - - - - N A
Mercury Dissolved 0.0001 ma/L Non-Detect | SBackground Area T4_10 - - - - N A
Mercury Dissolved 0.0001 n{/t Non-Detect | N Background Area T17_10 - - ~ ~ N A
Mercury Dissolved 0.0001 mg/L Non-Detect | N Background Area T7 10 - - .- - N A
Mercury Dissolved 0,0001 ma/L Non-Detect | S Background Area 14 40 - - - - N A
Mercury Dissolved 0.0001 mg/L Non-Detect | S Background Area T4 40 - - —~ - N A
Mercury Dissolved 0.0001 mg_/L Non-Detect | S Background Area T4 40 - - - - FD A
Mercury Dissclved 0.0001 ma/L Non-Detect | S Background Area T4_40 - - - - FD A
Mercury Dissolved 0,0001 ma/L Non-Detect | N Background Area 17_40 — - - - N A
Mercury Dissolved 0.0001 mg/L Non-Detect | N Background Area 1740 - - - - N A
Mercury Total 0.0001 ma/L Non-Detect | S Background Area T4_10 - - N A
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TABLE B1
Available Background Marine Surface Water Data
EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Chemical Name ‘Fraction Result Unit Detect Arga Sample Location samplaDate | Sample Time |  Fiald ID DG Sample Type | Data Sourca
Mercury Total 0.0001 me/L Non-Detect | S Background Area T4_10 - - - -~ N A
Mercury Tokal 0,0001 me/L Non-Detect | N Background Area 77 10 - - - - N A
Mercury Total 0.0001 mg/L Non-Detect | N Background Area 17_10 - - - - N A
Mercury Total 0.0001 mg/L Non-Detect | S Background Area T4_40 - - - - N A
Mercury Total 0.0001 "1/1 Non-Detect | SBackground Area T4 40 - - . - N A
Mercury Total 0.0001 ma/L Non-Detect | SBackground Area T4_40 - - - - N A
Mercury Total 0.0001 me/L Non-Detect | N Background Area T7_40 - - - - N A
Mercury Total 0.0001 mg/L Non-Detect | N Background Area 17 40 - -- - - N A
Mercury Total 0.0001 ma/L Non-Detect | N Background Area T7_40 - - - N A

Molybdenum Dissolved 0.01¢ mg/L Detect S Background Area T4_10 - - - - N A
Molybdenum Dissolved 0.012 ma/l Detect S Background Area T4 40 - - . - N A
Molybdenum Dissolved 0.011 lm_/L Detect S Background Area T4_10 - - - - N A
Molybaenum Dissolved 0011 mg/L Detert N Background Area 17_10 - - . - N A
Molybdenum Dissolved 0011 mg/L Detect N Background Area T17_10 - - - - N A
Molybdenum Dissolved 0.011 ma/L Datect S Background Area T4_40 - - - - N A
Molybdenum Dissolved 0.011 mg/L Detect S Background Area T4_40 - - ~ - D A
Malybdenum Dissolved 0.011 n'g_/ L Detect N Background Area T7_40 - - - - N A
Molybdenum Dissalved 0.010 mg/L Detect N Background Area 17 10 - - - - N A
Molybdenum Total 0.012 mg/L Detect S Background Area T4_10 - - - -~ N A
Malybdenum Total 0.012 mg/L Detect S Background Area T4_10 - - - - N A
Molybdenum Total 0.012 WL Detect S Background Area T4 40 - - - - N A
Molybdenum Total 0.012 me/L Detect N Background Area 1740 ~ - - - N A
Malybdenum Total 0.011 mg/L Detect N Background Area T7_10 - - - - N a
Molybdenum Total 0.011 mg/L Detect N Background Area T7_10 - - - - N A
Molybdenum Total 0.011 mg/L Detect S Background Area 14 40 - - - N A
Maolybdenum Total 0011 mg/L Detect S Background Area T4_40 ~ - - - N A
Molybdenum Total 0.011 mg_,’L Detect N Background Area 17 40 - - - - N A
Molybdenum Total 0.011 mg/L Detect N Background Area 17_40 - = - - N A
Selenium Dissolved 0.0005 me/L Non-Detect | S Background Area T4_10 - - -~ - N A
Sedenium Dissolved 0.0005 mg/L Non-Detect | S Background Area T4 10 - - - - N A
Selenium Disselved 0.0005 W L Non-Detect | N Background Area 17_10 = s - = N A
Selenium Dissolved 0.0005 mg/L Non-Detect | N Background Area 17_10 - - ~ - N A
Sedenium Dissolved 0.0005 mg/L Non-Detect | SBackground Area T4 40 — - - - N A
Selenlum Dissolved 0.0005 ma/L Non-Detect | S Background Area T4 40 = = = = N A
Selenium Dissolved 0.0005 me/L Non-Detect | S Background Area T4 40 - - -~ - FD A
Selenium Dissolved 0.0005 ma/L Non-Detect | S Background Area T4 40 - - - - FD A
selenium Dissolved 0.0005 ma/L Non-Detect | N Background Area 17_4%0 - - - - N A
Selenium Dissolved 0.0005 me/L Non-Detect | N Background Area 17_40 - - - - N A
Selenium Total 0.002 mg/L Non-Detext | S Background Area T4 40 - - .- .- N A
Selenium Total 0.002 ma/L Non-Detect | N Background Area 17_40 - - - - N A
Selenium Total 0.0005 ma/L Non-Detect | S Background Area T4_10 - - - -~ N A
Selenium Total 0.0005 ma/L Non-Detect | S Background Area T4 10 - - - - N A
Selenlum Total 0.0005 ma/L Non-Detect | N Background Area T7_10 - - - - N A
Selenium Total 0.0005 ma/L Non-Detect | N Background Area 17_10 - - ~ - N A
Selenium Total 0.0005 mg/L Non-Detect | S Background Area T4 40 - - .- - N A
salenium Total 0.0005 ma/L Non-Detect | S Background Area 14 40 - - - - N A
Selenium Total 0.0005 mg/L Non-Detect | N Background Area 17 40 - - —~ - N A
Selenium Total 0,0005 ma/L Non-Detect | N Background Area 17 40 — - . - N A
Uranium Dissolved 0.0035 ma/L Detect S Background Area T4_10 - -- - - N A
Ursnium Dissolved 0,0033 ma/L Detect N Background Area 17_10 — - - - N A
Urenium Dissolved 0.0033 mg/L Detect 5 Background Area T4 40 - -- - .- D A
Uranium Dissolved 0.0031 ma/L Detect N Background Area T7_40 - - N A
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TABLE B1

Available Background Marine Surface Water Data
EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Chemical Nama ‘Fraction Result Unit Datect Arga Sample Location SamplaDate | Sample Time Fiald 1D SDG Sample Type | Data Sourca
Uranium Dissolved 0.0030 me/L Detect S Background Area T4_10 - - -~ N A
Uranium Dissolved 0.0030 mg/L Detect N Background Area 77 10 - - - - N A
Uranium Dissolved 0.0030 mg/L Detect S Background Area T4_40 - - - N A
Uranium Dissolved 0.0030 n{/ L Detect S Background Area T4 _40 - - - D A
Ursnium Dissolved 0.0030 mg/L Detect N Background Area T7 40 - - - - N A
Uranium Total 0.0035 ma/L Detect S Background Area T4_10 - - - N A
Uranium Total 0.003& rl‘g_/ L Detect N Background Area 17_10 - - - N A
Uranium Total 0.0034 mg/L Detect S Background Area T4 40 - -- - - N A
Uranium Total 0.0034 ma/L Detect S Background Area T4_40 - - N A
Uranium Toral 0.0034 mg/L Detect N Background Area 17_40 - - - N A
Urenium Total 0.0034 mg/L Detect | N Background Ares 17,40 - - - - N A
Uranium Total 0.0030 ﬂl;/ L Detect S Background Area T4_10 - - - N A
Uranium Totol 0.,0030 mg/L Detect N Background Area 17_10 N A
Uranium Total 0,0030 mg/L Detect S Background Area T4_40 - - - - N A
Uranium Total 0.0030 ma/L | Deteat N Background Area T7_40 N A

vanadium Dissolved 0.0020 mg/L Detect S Background Area T4_10 - - -~ N A

Vanadium Dissolved 0.0020 mg! L Detect N Background Area T7_10 - - - - N A

Vanadium Dissolved 0.0020 mg/L Detect S Background Area T4 10 - - - N A

Vanadium Dissolved 0.0020 mg/L Detect S Background Area T4_40 - - -~ D A

Vanadium Dissolved 0.0020 mg/L Detect N Background Area T7_40 - -~ - - N A

Vanadium Dissolved 0.0010 mg/L Non-Detect | SBackground Area T4 10 - - - N A

Vanadium Dissolved 0.0010 mg/L Non-Detect | N Background Area 17_10 - - - - N A
Vanadium Dissolved 0.0010 mg/l Non-Detect | S Background Area T4_40 - - - - N A

Vanadium Dissolved 0.0010 mg/L Non-Detect | S Background Area T4 40 - - - FD A

vanadium Dissclved 0.0010 mg/L Non-Detect | N Background Area 17_40 - N A

Vanadium Total 0.0020 mg/L Detect S Background Area T4_10 - - - - N A

Vanadium Total 0.0020 mg/L Detect S Background Area T4 10 - - - N A

Vanadium Total 0.0020 mg/L Detect N Background Area 17_10 - - ~ - N A

Vanadium Total 0.0020 n{/ L Detect N Background Area T17_10 - - -~ - N A

Vanadium Total 0.0020 mg/L Detect S Background Area T4 40 - - - N A

vanzdium Total 0.0020 mg/L Detect S Background Area 14 490 = = = N A

Vanadium Total 0.0020 nﬂL Detect N Background Area 17_40 - - -~ - N A

Vanadium Total 0.0020 WL Detect N Back!round Area T7 40 - - - - N A

vanadium Total 0.0018 ma/L Detect S Background Area T4 40 — — - — N A

Vanadium Total 0.0016 me/L Detect N Background Area T7_40 - - - - N A

Alkalinity, Bicarbonate (As CaCO3) Total 110 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - - PEC1098-01 - C
Alkalinity, Carbonate {(As Cac03) Total 5 lll;/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramo)| 15-Mar-23 - PEC1098-0L C
Alkalinity, Hydroxide (As CaCO3) Total 5 me/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp) 15-Mar-23 - - PEC1038-01 - C
Alkalinity, Total (As CaCO3) Total 110 ng_! L Detect N Badground Area | Up Gradient Sample {(Noot Boat Ramp) 15-Mar-23 - .- PEC1098-01 o C
Dissolved Organic Carbon Dissolved 1.0 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PEC1098-01 - C
Hardness (As CaC03) Total 6,500 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 15-Mar-23 - PEC1098-01 C

pH Total 820 PH Units Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 15-Mar-23 - - PEC1098-01 - C

Aluminum Dissolved 0.05 ma/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp) 15-Mar-23 - PEC1098-0L - C

Arsenic Dissolved 0.0050 ma/l Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) | 15-Mar-23 - PEC1098-01 C

Cheomium (Il Dissolved 0.005 ng_l L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 15-Mar-23 - .- PEC1088-01 - C

Galllum Dissolved 0,008 ma/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PEC1098-0L C

Iron Dissolved 0.050 nill Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PEC1098-01 C

Lead Dissolved 0.005 m§_/ L Non-Detect | N Bodground Area | Up Gradient Sample (Noot Boat Ramgp) 15-Mar-23 - .- PEC1098-01 - C
Molybdenum Dissolved 0.016 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PEC1098-01 C
Selenium Dissalved 0.005 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Baat Ramp) 15-Mar-23 — PEC1098-01 C

Vanadium Dissolved 0.0050 mE(L Non-Detect | N Badi!rolmd Area |Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PEC1098-01 C

Alkalinity, Bicarbonate (As Cac03) Total 120 ma/L Detect S Background Area North of Jetty (ContractorsYard) 11-Mar-23 PEC1098-06 C
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datect Arga Sample Location SamplaDate | Sample Time Fiald 1D SDG Sample Type | Data Sourca
Alkalinity, Carbonate (As CaCO3) Total 5 mg! L Non-Detect | S Background Area North of letty (Contractorsyard) 11-Mar-23 -~ PEC1098-06 C
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - - PEC1098-06 - C

Alkalinity, Total (As CaCO3) Total 120 mg/L Detect S Background Area |  North of Jetty (ContractorsYard) 11-Mar-23 - PEC1098-06 C
Dissolved Organic Carbon Dissolved 10 n{/ L Non-Detect S Background Area North of Jetty (Contractors¥ard) 11-Mar-23 - PEC1098-06 C
Hardness {As CaC03) Total 6,400 mg/L Detect S Background Area North of Jetty (ContractorsVard) 11-Mar-23 - - PEC1098-06 - C

pH Total .20 pH units Detect S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - PEC1098-06 - C

Aluminum Dissolved 005 me/L Non-Detect | S Background Area |  North of Jetty (Contractorsyard) 11-Mar-23 - PEC1098-06 C

Arsenic Dissolved 0.0050 mg/L Non-Detect | SBackground Area North of Jetty (ContractorsYard) 11-Mar-23 -- - PEC1098-06 - C

Chromium (N1} Dissclved 0.008 mg/L Non-Detect | S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - PEC1098-06 C

Gallium Dissolved 0.005 mg/L Non-Detect | S Background Area North of letty [Contractarsyard) 11-Mar-23 - PEC1098-06 C

Iron Dissolved 0.050 ma/L Non-Detect | S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - - PEC1098-06 - C

Lead Dissolved 0.005 ma/L Non-Detect | S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - PEC1098-06 - C
Molybdenum Dissoived 0.015 mg/L Detect S Background Area North of letty (Contractorsyard) 11-Mar-23 PEC1098 06 C
Seleniym Dissolved 0.005 mg/L Non-Detect | S Background Area North of Jetty (ContractorsYard) 11-Mar-23 - - PEC1098-06 - C

Vanadium Dissolved 0.0050 ma/L | NonDetect | SBackgroundArea | North of Jetty (Contractorsyard) 11-Mar-23 PECL1098-06 C

Alkalinity, Bicarbonate (As CaCO3) Total 120 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 = PEC1188-01 - C
Alkcalinity, Carbonate (As CaCO3) Total 5 mg/L | Non-Detect | N Background Area |Up Gradiant Sample (Noot Boat Ramp) 16-Mar-23 - B PEC1188-01 - C
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - PEC1188-01 C
Alkalinity, Total (As CaCO3) Totsl 120 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 16-Mar-23 - PEC1188-01 C
Dissolved Drganic Carbon Dissolved 1.0 Il'{/l. Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - - PEC1188-01 - C
Hardness {As CaCO3) Total 6,300 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 16-Mar-23 - PEC1188-01 C

pH Total 8.10 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - - PEC1188-01 - C

Aluminum Dissolved 012 "1./" Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp) 16-Mar-23 - - PEC1188-01 - C

Arsenic Dissolved 0.0023 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - PEC1188-0L C

Chromium (11} Dissclved 0.005 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 PEC1188-01 C

Galflum Dissolved 0.002 mg/L Non-Detect | N Background Ares |Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - - PEC1188-01 - c

Iron Dissolved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 16-Mar-23 - PEC1188-0L C

Lead Dissclvad 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - ~ PEC1188-01 C
Molybdenum Dissolved 0.013 u{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Mar-23 - -~ PEC1188-01 - C
Selenium Dissolved 0,002 mg/L Non-Detect | N Background Area | Up Gradient Sumole {Noot Boat Ramp)| 16-Mar-23 - PEC1188-01 C

Vanzdium Dissolved 0.0020 mg/L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 16-Mar-23 = PEC1188-01 = C

Alkalinity, Bicarbonate (As CaCO3) Total 120 nﬂL Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - -~ PEC1309-01 - C
Alicalinity, Carbonate [As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 17-Mar-23 - - PEC1309-0L - C
Alkalinity, Hydroxide (As Cac03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 = - PEC1309-01 = C
Alkalinity, Total (As CaCO3) Total 120 n‘_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - - PEC1309-01 ol C
Dissolved Organic Carbon Dissolved 17.0 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - » PEC1309-01 - C
Hardness {As CaCO3) Total 6,500 lll;l L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 17-Mar-23 - PEC1309-0L C

pH Total 810 pH units Detect N Background Area | Up Gradient Samgple (Noot Boat Ramp) 17-Mar-23 - - PEC1309-01 - C

Aluminum Dissolved 0.02 mg/L Non-Detext | N Background Area | Up Gradient Sample {Noot Boat Ramp) 17-Mar-23 - .- PEC1309-01 - C

Arsenic Dissolved 0.0024 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - PEC1309-01 - C

Cheomium (I} Dissolved 0.005 nill Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 17-Mar-23 - PEC1309-01 C

Galllum Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramy) 17-Mar-23 - - PEC1309-01 - C

iron Dissolved 0.020 ma/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp) 17-Mar-23 - PEC1309-01 - C

Lead Dissolved 0.002 ma/l Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 17-Mar-23 - PEC1309-01 C
Molybdenum Dissolved 0014 IIEIL Detect N Bxk!round Area |Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - .- PEC1309-01 - C
salenium Dissolved 0,002 ma/L Non-Detect | N Background Area |Up Gradiant Sampla (Noot Boat Ramp) 17-Mar-23 - PEC1309-0L C

Vanadium Dissolved 0.0020 nill Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Mar-23 - PEC1309-01 C

Alkalinity, Bicarbonate (s CaC03) Total 130 m§_/l. Detect N lodground Area | Up Gradient Sample (Noot Boat Ramgp) 12-Mar-23 - .- PEC1723-04 - C
Alalinity, Carbonate {As Cac03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Mar-23 - PEC1723-04 C
Alkalinity, Hydroxide (As CaCO3) Totol 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 — PEC1723-04 C
Alkalinity, Total (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 22-Mar-23 - PEC1723-04 C
Hardness {As CaC03) Total 5,700 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 PEC1723-04 C
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TABLE B1
Available Background Marine Surface Water Data
EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Chemical Nama ‘Fraction Result Unit Datect Arga Sample Location SamplaDate | Sample Time Fiald 1D SDG Sample Type | Data Sourca
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 - PEC1723-04 C
Aluminum Dissolved 0.02 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 - - PEC1723-04 - C
Arsenic Dissolved 0.0026 mg/L Detect N Background Area |Up Gradient Sample {Noot Boat Rarnn;' 22-Mar-23 - PEC1723-04 C
Chromium (11} Dissolved 0.005 n{/ L Non-Detect N Background Area | lip Gradient Sample (Noot Boat Ramp) 22-Mar-23 - PEC1723-04 C
Gallium Dissolved 0.002 n&/ L Non-Detect | N Background Ares | Up Gradient Sample {Noot Boat Ramp) 22-Mar-23 - .- PEC1723-04 - C
Iron Dissolved 0.020 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 - PEC1723-04 - C
Lead Dissoved 0.002 WL Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 - PEC1723-04 C
Malybdenum Dissolved 0.018 ng_IL Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 12-Mar-23 - - PEC1723-04 - C
Selenium Dissclved 0,002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Mar-23 - PEC1723-04 C
Vanadium Dissolved 0.0024 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Mar-23 - PEC1723-04 C
Alkalinity, Bicarbonate (As CaC0O3) Total 130 ma/L Detect N Background Ares | Up Gradient Sample {Noot Boat Ramp) 23-Mar-23 = - PEC1723-07 - ¢
Alkalinity, Carbonate {As CaC03) Total 5 ﬂl;/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - PEC1723-07 - C
Alkalinity, Hydroxide (As CaCO3) Totol 5 mg/L Non-Detect N Background Area | Uip Gradient Sample (Noot Boat Ramp) 23-Mar-23 PEC1723-07 C
Alkalinity, Total (As CaCO3) Total 130 wg{l. Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - - PEC1723-07 - C
Hardness {As CaCO3) Total 6,700 m‘I L Dotect N Background Area | Up Gradient Samgplo {Noot Boat Ramp) 13-Mar-23 PEC1723.07 C
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - PEC1723-07 - C
Aluminum Dissolved 0.06 n‘!L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - - PEC1723-07 - C
Arsenic Dissolved 0.0024 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - PEC1723-07 C
Chromium (1) Dissolved 0.005 mg/L Non-Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 23-Mar-23 - PEC1723-07 C
Galiium Dissolved 0.002 rrg_/l. Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - - PEC1723-07 - C
ron Dissolved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 23-Mar-23 - PEC1723-07 C
Lead Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sameple (Noot Boat Ramp) 23-Mar-23 -~ - PEC1723-07 - C
Malybdenum Dissolved 0014 "1./" Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp) 23-Mar-23 - - PEC1723-07 - C
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 - PEC1723-07 C
vanadium Dissclved 0.0024 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Mar-23 PEC1723-07 C
Alkalinity, Bicarbonate (As CaCD3) Total 120 mg_ll Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - - PEC1817-03 - C
Alkalinity, Carbonate (As CaC03) Total 5 mg/L Non-Datect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 24-Mar-23 - PEC1817-03 C
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 -~ - PEC1817-03 C
Alkalinity, Total (As CaCO3) Total 120 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - -~ PEC1817-03 - C
Dissolved Organic Carbon Dissolved 14 mg/L Detect N Background Area | Up Gradient Sumole {Noot Boat Ramp)| 24-Mar-23 - PEC1817.03 C
Hardness (As CaCO3) Total 6,800 ng_l L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 24-Mar-23 - PEC1817-03 - C
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - -~ PEC1817-03 - C
Aluminum Dissolved 0.05 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 - - PEC1817-03 - C
Arsenic Dissolved 0.0029 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Maor-23 = - PEC1817-03 = C
Cheomium (1) Dissolved 0.005 n‘_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - - PEC1817-03 ol C
Gallium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramnp) 24-Mar-23 - » PEC1817-03 - C
iron Dissolved 0.020 lll;l L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramo)| 24-Mar-23 - PEC1B17-03 C
Lead Dissolved 0.002 milL Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - - PEC1817-03 - C
Molybdenum Dissolved 0.015 mg/L Detect N Background Area | Up Gradient Samole {Noot Boat Ramp) 24-Mar-23 - .- PEC1817-03 - C
Selenium Dissolved 0.002 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Mar-23 - PEC1817-03 - C
Vanadium Dissolved 0.0026 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 24-Mar-23 - PEC1817-03 C
Alkalinity, Bicarbonate (As CaC03) Total 130 ng_/l Detect N Bad-ground Area | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - . PEC1858-03 - C
Alicalinity, Carbonate {As CaCO3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp) 25-Mar-23 - PEC1B68-03 - C
Alkalinity, Hydroxide (As CaCO3) Total 5 ma/l Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 25-Mar-23 - PEC1868-03 C
Alkalinity, Total (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramg) 25-Mar-23 - .- PEC1868-03 - C
Dissolved Organic Carbon Dissolved 10 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - PEC1868-03 C
Hardness (As CaC03) Total 6,500 ngll Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - PEC1868-03 C
pH Total 8.20 pH units Detect N Bodground Area | Up Gradient Sample (Noot Boat Ram) 25-Mar-23 - - PEC1868-03 - C
Aluminum Dissolved 0.03 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Mar-23 - PECLE58-03 C
Arsenic Dissalved 0.0022 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 25-Mar-23 — PEC1868-03 C
Cheomium (1)) Dissolved 0.005 mgt Non-Detect | N Bad!round Area | Up Gradient Sample (Noot Boat Ramnp) 25-Mar-23 - PEC1868-03 C
Galfium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 PEC1868-03 C
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Iron Dissolved 0.020 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - PEC1868-03 C
Lead Dissolved 0,002 me/L Non-Detect | N Background Asea | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - - PEC1868-03 - C
Molybdenum Dissolved 0.013 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Rampi 25-Mar-23 - PEC1858-03 C
Selenium Dissolved 0.002 n‘/ L Non-Detact N Background Area | lip Gradient Sample (Noot Boat Ram n)l 25-Mar-23 - PEC1868-03 C
Vanadium Dissolved 0.0023 ng/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 25-Mar-23 - - PEC1868-03 - C
Allalinity, Bicarbonate (As CaC03) Total 130 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - PEC1858-06 - C
Alicalinity, Carbonate (As CaC03) Total 5 rl‘g_/L Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - PEC1868-06 C
Alkalinity, Hydroxide [As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp)| 26-Mar-23 -- - PEC1868-06 = C
Alkalinity, Total (As CaCO3) Total 130 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 PECL8568-06 - C
Dissolved Drganic Carbon Dissolved 10 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - PEC1868-06 C
Hardness (As CaCO3) Total 6,400 ml/L Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 216-Mar-23 - .- PEC1BG8-06 . C
pH Total £.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) | 26-Mar-23 - PECLE68-06 - C
Aluminum Dissoived 004 mg/L Detert N Background Area | Lip Gradient Sample (Noot Bast Ramp) 26-Mar-23 PEC1868 06 C
Arsenic Dissolved 0,0025 ng{ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - - PEC1868-06 - C
Chromium (Ill) Dissolved 0,008 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 26-Mar-23 PEC1868-06 C
Galiium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - PEC1868-06 - C
Iron Dissohved 0.020 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - -~ PEC1868-06 - C
Lead Dissalved 0,002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mar-23 - PEC1858-06 C
Molybdenum Dissolved 0.013 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 26-Mar-23 - o PEC1868-06 C
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boal Ramg) 26-Mar-23 - - PEC1868-06 - C
Vanadium Disselved 0.0026 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 26-Mai-23 - PEC1868-06 C
Alkalinity, Bicarbonate (As CaC03) Toral 120 mg/L Detect N Bachground Area | Up Gradient Sameple (Noot Boat Rams) 28-Mar-23 - - PEC1985-01 - C
Alicalinity, Carbonate (As CaC03) Total 5 nill Non-Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 28-Mar-23 - - PEC1385-01 - C
Alkalinity, Hydroxdde (As CaC0O3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 28-Mar-23 - PEC1985-0L C
Alkalinity, Total (As CaCO3) Total 120 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 PEC1985-01 C
Dissolved Drganic Carbon Dissolved 12 mg/L Detect N Background Ases | Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 - - PEC1985-01 - C
Hardness (As CaCO3) Total 5,500 mg_[L Detect N Background Area | Up Gradient Sample {Noot Boat Ramg) 28-Mar-23 - PEC1985-01 C
pH Total 8.10 pH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 -~ - PEC1985-01 C
Aluminum Dissolved 004 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 - -~ PECISB8S-01 - C
Arsenic Dissolved 0.0024 mg[L Detect N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 28-Mar-23 - PEC1985.0L C
Chromium (11 Dissolved 0.005 mg/L Non-Detect | N Background Area | Up Grodient Sample (Noot Boat Ramp) 28-Mar-23 - PEC1985-01 = C
Gallium Dissolved 0.002 mg/L Non-Detect | N Background Area | lip Gradient Sample (Noot Boat Ramp) 28-Mar-23 - ~ PEC13BS-01 - C
ron Dissolved 0.020 mg_/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 28-Mar-23 - - PEC1985-01 - C
Lead Dissolved 0.002 ng_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 28-Maor-23 = - PEC1985-0L = C
Molybdenum Dissolved 0.013 me/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 28-Mar-23 - -~ PEC1985-01 - C
Salenium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 28-Mar-23 - - PEC1985-01 - [«
Vanadium Dissolved 0.0025 lm_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 28-Mar-23 - PEC1985-0L C
Alkalinity, Bicarbonate [As CaC03) Total 120 me/L Detect N Background Area | Up Gradient Samale (Noot Boat Ramp)| 29-Mar-23 - - PEC2065-03 - B
Alicalinity, Carbonate {As CacO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Rampu 29-Mar-23 - .- PEC2065-03 - B
Alkaiinity, Hydroxide (As CaCO3) Total 5 ﬂn_/L Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - PEC2065-03 - 8
Alkalinity, Total (As CaC03) Total 120 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 29-Mar-23 - PEC2065-03 ;]
Dissolved Organic Carbon Dissolved 11 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - - PEC2055-03 - 8
Hardness (As CaCO3) Total 6,300 ma/L Cetect N Background Area | Up Gradient Sample (Noot Boat Ramp;l 29-Mar-23 - - PEC2065-03 - B
pH Total 810 pH units Oetect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 29-Mar-23 - PEC2065-03 - B
Aluminum Dissolved 002 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramz) 29-Mar-23 - - PEC2065-03 - ]
Arsenic Dissolved 0.0020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - PEC2065-03 8
Chromium (11} Dissolved 0.00% mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - PEC2065-03 8
Gallium Dissolved 0.002 ng_/ L Non-Detect | N ladground Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - .- PEC2065-03 - 8
Iron Dissolved 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 19-Mar-23 - PEC2065-03 8
lLead Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Nook Baat Ramp) 29-Mar-23 - PEC2065-03 8
Malybdenum Dissolved 0.013 IIE’L Detect N Bad!roul\d Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - PEC2065-03 8
Selenivm Dissolved 0.020 ma/L Non-Detect | N Background Area | Up Gradicnt Sample (Noot Boat Ramp) 25-Mar-23 PEC2065-03 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Vanadium Dissolved 0.0200 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 29-Mar-23 - PEC2065-03 B
Alkalinity, Bicarbonate (As CaCD3) Tokal 120 me/L Detect N Background Asea | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - - PEC2146-01 - B
Alkalinity, Carbonate {As CaC03) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Rampi 30-Mar-23 - PEC2146-01 8
Alkalinity, Hydroxide [As CaL0O3) Total 5 n{/ L Non-Detact N Background Area | lip Gradient Sample (Noot Boat Ram n)l 30-Mar-23 - PEC2146-01 B
Alkalinity, Total {As CaCO3) Total 120 "1/1 Detect N Bitkiround Area |Up Gradient Sample (Noot Boat Ramnp) 30-Mar-23 - - PEC2146-01 - 8
Dissolved Organic Carbon Dissolved 1.0 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - PEC2146-0L - 8
Hardness (As CaC03) Total 6,600 WL Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - PEC2146-01 B8
pH Total 810 pH units Detect N Background Area | Up Gradient Sample {Noot Boat Ramp)| 30-Mar-23 - .- PEC2146-01 - 8
Aluminum Disscived 0.02 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 PEC2146-0L - 8
Arsenic Dissolved 0.0020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - PEC2146-01 8
Cheomium (NI} Dissolved 0.005 n1/L Non-Detect | N Batﬂround Ares | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - .- PEC2146-01 - B
Gallium Dissclved 0.002 nl;/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 30-Mar-23 - PEC2146-0L - 8
iron Dissoived 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 PEC2186 01 B
Lead Dissolved 0.002 II‘{L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - - PEC23146-01 - 8
Molybdenum Dissolved 0.013 ma/L Dotect N Background Area | Up Gradient Simplo {Noot Boat Ramp) 30-Mar-23 PEC2146-01 B
Selenium Dissolved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - PEC2146-01 - 2]
Vanadium Dissohved 0.0200 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 30-Mar-23 - -~ PEC2146-01 - 8
Alkalinity, Bicarbonate (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - PEC2288-06 8
Alkalinity, Carbonate (As CaC03) Totsl 5 mg/L Non-Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 31-Mar-23 - o PEC2288-06 3
Alkalinity, Hydroxide [As CaCO3) Total S Il"_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - - PEC2288-06 - :
Alkalinity, Total {As CaC03) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramg) 31-Mar-23 - PEC2288-06 8
Dissolved Drganic Carbon Dissolved 1.5 mg/L Detect N Bachground Area | Up Gradient Sameple (Noot Boat Rams) 31-Mar-23 - - PEC2288-06 - 8
Hardness [As CaCO3) Total 6,700 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 31-Mar-23 - - PE(C2288-06 - ]
pH Total $.20 PH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - PEC2288-06 8
Aluminum Disscived 0.02 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 PEC2288-06 B
Arsenic Dissolved 0,0038 mg_ll Detect N Background Ares | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - - PEC2288-06 - a
Cheomium (i1} Dissolved 0.005 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramgp 31-Mar-23 - PEC2288-06 B
Galilum Dissclvad 0.003 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - ~ PEC2288-06 g
Iron Dissolved 0.020 n{/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 31-Mar-23 - -~ PEC22B8-06 - B
Lead Dissolved 0,002 mg[L Non-Detect | N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 31-Mar-23 - PEC2288-06 8
Molybdenum Dissolved 0,033 mg/L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 31-Mar-23 - PEC2288-06 = B
Sedenium Dissolved 0.006 mg/L Detect N Background Area | lip Gradient Sample (Noot Boat Ramp) 31-Mar-23 - ~ PEC2288-06 ” B8
Vanadium Dissolved 0.0030 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 31-Mar-23 - - PEC2288-06 - 8
Alkalinity, Bicarbonate (As CaC03) Total 160 mg_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 = - PEDO031-03 = B
Alkalinity, Carbonate (As CaCO3) Total 5 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 1-Apr-23 - -~ PEDO031-03 - B
Alkalinity, Hydroxide (As CaC03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 1-Apr-23 - - PED0031-03 - B8
Alkalinity, Total (As CaCO3) Total 160 lm_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - PEDOO31-03 8
Dissolved Organic Carbon Dissolved 10 me/L Detect N Background Area | Up Gradient Samale (Noot Boat Ramp)| 1-Apr-23 - = PED0031-03 - B
Hardness (As CaCO3) Total 5,800 mg/L Detect N Background Area | Up Gradient Samole {Noot Boat Ram pu 1-Apr-23 - . PEDO031-03 - B
pH Total 8.20 PH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - PEDO031-03 - 8
Aluminum Dissolved 0.02 mg/ L Detect N Background Area | Uip Gradient Sample (Noot Boat Ramp)| 1-Apr-23 - PEDOD31-03 8
Arsenic Dissolved 0.0091 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - - PED0031-03 - 8
Chromium (1) Dissolvad 0,005 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp;l 1-Apr-23 - - PEDO031-03 - B
Galllum Dissolved 0.016 mg/L Detect N Background Area | Up Gradient Sample (Noat Boat Ramp)| 1-Ape-23 - PEDOO31-03 - B
Iron Dissolved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 1-Apr-23 - .- PED0031-03 - 8
Lead Dissolved 0,002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - PEDO031-03 8
Molyhdenum Dissolved 0.065 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - PEDO031-03 8
Selenium Dissolved 0.028 m§_/L Detect N Badground Area | Up Gradient Sample (Noot Boat Ramg) 1-Apr-23 - - PED0031-03 = 8
Vanadium Dissolved 0.0042 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 1-Apr-23 - PEDO03L-03 8
Alkalinity, Bicarbonate (As CaCO2) Total 160 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 2-Apr-23 - PEDD032-03 8
Alkalinity, Carbonate [As CaC0D3) Total 5 mElL Non-Detect | N Bad!round Area | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - PED0032-03 8
Alkalinity, Hydroxide (As CaC0O3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 PED0032.03 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Alkalinity, Total (As CaC03) Total 160 me/L Detert N Background Area | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - PEDOD32-03 B
Dissolved Drganic Carbon Dissolved 10 mg/L Detect N Background Asea | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - - PED0032-03 - B
Hardness {As CaC03) Total 6,500 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Rampi 2-Apr-23 - PED0032-03 8
pH Total 820 pH units Detect N Background Area | lip Gradient Sample (Noot Boat Ram n)l 2-Apr-23 - PEDO032-03 B8
Aluminum Dissolved 0.02 mg/L Non-Detect | N Background Ares | Up Gradient Sample {Noot Baat Ramp) 2-Apr-23 - = PED0032-03 - 8
Arsenic Dissolved 0.0079 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - PEDO032-03 ~ 8
Chromium (I} Dissolved 0.005 rrg_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - PEDD03203 8
Galfium Dissolved 0.008 ng_l L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp)| 2-Apr-23 - - PEDOD32-03 - 8
Iron Disscived 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 PED0032-03 - 8
Lead Dissolved 0.002 mg/L Non-Detect N Background Area | Up Gradient S5ample (Noot Boat Ramp) 2-Apr-23 - PEDO032-03 8
Malybdenum Disschved 0.04% mllt Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 2-Apr-23 - .- PED0O032-03 . B
Salenium Dissclved 0.015 I!I;/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) | 2-Apr-23 - PED0032-03 - 8
Vanodium Dissoved 0.0034 mg/L Detect N Background Area | Lip Gradient Sample (Noot Bast Ramp) 2-Apr-23 PEDO0O32-03 B
Alkalinity, Bicarbonate (As CaCD3) Total 170 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - - PED0033-03 - B
Alkalinity, Carbonate {As Cac03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 3-Apr-23 PED0033 03 B
Alkalinity, Hydroxids (As CaLO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - PEDO033-03 = 8
Alkalinity, Total (As CaCO3) Total 170 mg/L Detect N Background Area |Up Gradient Sample {Noot Boat Ramp) 3-Apr-23 - - PED003303 - ]
Dissolved Drganic Carbon Dissolved 1.0 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - PED0033-03 8
Hardness (As CaC03) Total 6,500 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 3-Apr-23 - o PED0O033-03 3
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boal Ramp) 3-Apr-23 - - PED0033-03 - 8
Aluminum Disselved 0.02 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 3.Apr-23 - PED0033-03 8
Arsenic Dissolved 0.0061 mg/L Detect N Bachground Area | Up Gradient Sameple (Noot Boat Rams) 3-Ape-23 - - PEDOD33-03 - 8
Cheomium (1)) Dissolved 0.005 n‘]l Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 3-Apr-23 - - PEDDD33-03 - a
Galfium Dissolved 0.005 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - PEDO033-03 8
Iron Disscived 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 PEDO033-03 B
Lead Dissolved 0.002 mg/L Non-Detect | N Background Ases | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - - PED0033-03 - 8
Molybdenum Dissolved 0.041 mg/L Detect N Background Area | Up Gradient Sumple {(Noot Boat Ramg) 3-Apr-23 - PED0033-03 B
Selenium Dissclvad 0.010 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - ~ PEDOO3303 B
Vanadium Dissolved 0.0030 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 3-Apr-23 - -~ PEDOD33-03 - B
Alkalinity, Bicarbonate (As CaC03} Total 130 mg[L Detect N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 4-Apr-23 - PED0170-03 8
Alkalinity, Caroonate (A3 CaC03) Total 5 W L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramip) 4-Apr-23 = PEDO170-03 - B
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | lip Gradient Sample (Noot Boat Ramp) 4-Apr-23 - -~ PEDO170-03 - B
Alkalinity, Total {As CaC03) Total 130 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 4-Apr-23 - - PED0170-03 - 8
Dissolved Drganic Carbon Dissolved 1.0 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ram o) 4-Apr-23 = = PED0170-03 = B
Hardness (As CaC03) Total 6,400 me/L Detect N Background Area | Up Gradient Samgle (Noot Boat Ramp)| 4-Apr-23 - - PED0170-03 - ]
pH Total 810 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 4-Apr-23 - - PEDO17003 - 8
Aluminum Dissolved 0.02 IIR_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramoil 4-Apr-23 - PED0170-03 8
Arsenic Dissolved 0.0200 me/L Non-Detect | N Background Area | Up Gradient Samale (Noot Boat Ramp)| 4-Apr-23 - - PEDO170-03 - B
Cheomium (1) Dissolved 0.005 rrg_! L Non-Detect | N Badground Area | Up Gradient Sample {(Noot Boat Ram pu A-Apr-23 - .- PED017003 o B
Galflum Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 4-Apr-23 - PEDO170-03 - 8
Iron Dissolved 0.020 mg/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 4-Apr-23 - PEDO170-03 8
lead Dissolved 0,002 ng_ll Non-Detect | N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 4-Apr-23 - - PEDO170-03 - 8
Molybdenum Dissolved 0.012 ma/L Detect N Background Area | Up Gradient Samgle (Noot Boat Ramp;l 4-Apr-23 - - PED0170-03 - 8
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Rams)| 4-Apr-23 - PED0170-03 - B
Vanadium Dissolved 0.0023 n!/L Detect N Bcck!round Area |Up Gradiont Sample (Noot Boat Ramp) 4-Apr-23 - . PED017003 - 8
Alkalinity, Bicarbonate (As CaC03) Total 140 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - PEDO255-02 B
Alalinity, Carbonate (As CaC03) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - PEDO255-03 8
Alkalinity, Hydroxide [As CaCO3) Total 5 m§_/L Non-Detect | N Badground Area | Up Gradient Sample (Noot Boat Ramg) 5-Apr-23 - - PEDO25503 - )
Alkalinity, Total (As CaCO3) Total 140 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 -- PEDO255-03 8
Dissolved Drganic Carbon Dissalved 10 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) S-Apr-23 - PEDO255-03 8
Hardness {As CaCO3) Total 6,700 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ram ) 5-Apr-23 -- PED0255-03 8
pH Total £.20 PH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 PEDO25503 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Aluminum Dissolved 0.01 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - PEDO255-03 B
Arsenic Dissolved 0,0018 me/L Detect N Background Asea | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - - PED0255-03 - B
Chromium (Ill) Dissolved 0.005 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Rampi 5-Apr-23 - PED0255-03 8
Gallium Dissolved 0.001 n{/ L Non-Detact N Background Area | lip Gradient Sample (Noot Boat Ram n)l 5-Apr-23 - PEDD255-03 B8
Iron Dissohved 0.010 mg/L Non-Detect | N Background Ares | Up Gradient Sample {Noot Baat Ramp) 5-Apr-23 - = PED0255-03 - 8
Lead Dissolved 0.001 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - PEDO255-03 - 8
Molyhdenum Dissolved 0013 rrg_/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 - PEDO255-03 8
Selenium Dissolved 0.001 ng_l L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) | 5-Apr-23 - .- PEDO255-03 - 8
Vanadium Dissclved 0.0018 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 5-Apr-23 PEDO25503 - 8
Alkalinity, Bicarbonate (As CaC03) Total 130 mg/L Detect N Background Area | Up Gradient S5ample (Noot Boat Ramp) 6-Apr-23 - PEDD4D2-03 8
Al(al'nmL, Carbonate (As CaCO3}) Total 5 n1/L Non-Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) G-Apr-23 - - PED0O402-03 . B
Alkalinity, Hydroxida (As CaCO3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 6-Apr-23 - PED0402-03 - 8
Alkalinity, Total (As CaC03) Totol 130 mg/L Detert N Background Area | Lip Gradient Sample (Noot Bast Ramp) 6-Apr-23 PEDO4D2-03 B
Dissolved Drganic Carbon Dissolved 10 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 6-Apr-23 - - PED0402-03 - B
Hardness {As CaCO3) Total 6,500 ma/L Detect N Background Area | Up Gradient Simplo {Noot Boat Ramp) 6-Apr-23 PED0402-03 B
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 6-Apr-23 - PEDDLD2-03 = 8
Aluminum Dissohved 0.01 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 6-Apr-23 - -~ PEDD4D2-03 - 8
Arsenic Dissolved 0.0021 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 6-Apr-23 - PED0402-03 8
Chromium (1) Dissolved 0.025 mg/L Non-Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 6-Apr-23 - o PEDO4D2-03 3
Galiium Dissolved 0.001 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boal Ramg) 6-Apr-23 - - PED04D2-03 - 8
ron Disselved 0.010 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 6-Apr-23 - PED0402-03 8
Lead Dissolved 0.001 mg/L Non-Detect | N Background Area | Up Gradient Sameple (Noot Boat Ramp) 6-Apr-23 - - PED0402-03 - 8
Molybdenum Dissolved 0.014 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 6-Apr-23 - - PEDO4D2-03 - ]
Selenium Dissolved 0.001 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 6:Apr-23 - PEDO402-03 8
vanadium Disscived 0.0024 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) G-Apr-23 PEDO402-03 B
Alkalinity, Bicarbonate (As CaCD3) Total 130 mg/L Detect N Background Ares | Up Gradient Sample (Noot Boat Ramp) 10-Apr-23 - - PEDO537-12 - )
Alkalinity, Carbonate (As Cac03) Total 5 mg/L Non-Datect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 10-Apr-23 - PED0537-12 B
Alkalinity, Hydroxide (As CaC03) Total 5 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 1C-Apr-23 - ~ PEDOS37-12 B
Alkalinity, Total (As CaCO3) Total 130 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 10-Apr-23 - -~ PEDO537-12 - B
Dissolved Organic Carbon Dissolved 1.0 mg/L Non-Detect | N Background Area | Up Gradient Sumole {Noot Boat Ramp) 10-Apr-23 - PED0537-12 -]
Hardness (As CaCO3) Total 6,300 n'!l L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 10-Apr-23 = PEDOS37-12 = B
pH Total 8.10 pH units Detect N Background Area | lip Gradient Sample (Noot Boat Ramp) 10-Apr-23 - -~ PED0537-12 - B
Aluminum Dissolved 0.02 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 10-Apr-23 - - PED0537-12 - 8
Arsenic Dissolved 0.0022 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ram o) 10-Apr-23 = = PED0537-12 = B
Cheomium (1) Dissolved 0.025 n‘_/ L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp)| 10-Apr-23 - - PEDOS37-12 ol B
Gallium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 10-Apr-23 - - PEDO537-12 - B
iron Dissolved 0.020 lm_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram ) 10-Apr-23 - PEDOS37-12 8
Lead Dissolved 0.002 me/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp)| 10-Apr-23 - - PEDO537-12 - B
Molybdenum Dissolved 0.014 rrg_! L Detect N Badground Area | Up Gradient Sample {(Noot Boat Ram pu 10-Apr-23 - . PED0S37-12 . B
Selenium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 10-Apr-23 - PEDOS37-12 - 8
Vanadium Dissolved 0,0024 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 10-Apr-23 - PEDOS3T7-12 8
Alkalinity, Bicarbonate (As CaC03) Total 140 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - - PEDOS37-15 - 8
Alialinity, Caroonate {As CacO3) Total 5 ma/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp;l 11-Apr-23 - - PEDO537-15 - B
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Rams)| 11-Apr-23 - PED0537-15 - B
Alkalinity, Total (As CaCO3) Total 140 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramz) 11-Apr-23 = - PED0537-15 = 8
Dissolved Organic Carbon Dissolved 10 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - PEDOS37-15 8
Hardness (As CaC03) Total 6,300 mg/l Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - PEDOS37-15 8
pH Total 8.10 pH units Detect N Badground Area | Up Gradient Sample (Noot Boat Ramg) 11-Apr-23 - - PED0537-15 - 8
Aluminum Dissolved 0.02 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 — PEDO537-15 8
Arsenit Dissolved 0.0023 ma/L Detect N Background Area | Up Gradient Sample (Nook Boat Ramp) 11-Apr-23 - PEDO537-15 8
Chromium (I} Dissolved 0,025 m&’ L Non-Detect | N Bad!round Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - PEDO537-15 8
Gallium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 PED0537-15 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Iron Dissolved 0.020 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - PEDO537-15 B
Lead Dissolved 0.002 WL Non-Detect | N Background Asea | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - - PED0537-15 - B
Molybdenum Dissolved 0.015 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Rampi 11-Apr-23 - PED0537-15 8
Selenium Dissolved 0.002 n{/L Non-Detact N Background Area |Llip Gradient Sample (Noot Boat Ramn)l 11-Apr-23 - PEDOS37-15 B
Vanadium Dissolved 0.0026 ngll Detect N Bitkiround Area | Up Gradient Sample (Noot Boat Ramp) 11-Apr-23 - .- PEDO537-15 - 8
Allalinity, Bicarbonate (As CaC03) Total 130 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 -- PECO537-3 ~ 8
Alicalinity, Carbonate (As CaC03) Total 5 rl‘g_/L Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - PECO537-3 B8
Alkalinity, Hydroxide [As CalO3) Total 5 llg_]L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 7-Apr-23 - .- PEDOS37-3 - B8
Alkalinity, Total (As CaCO3) Total 130 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) T-Apr-23 PECO537-3 - 8
Dissolved Organic Carbon Dissolved 10 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - PECOS37-3 8
Hardness (As CaCO3) Total 6,200 mlll Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - .- PEROS537-3 . B
pH Total £.20 pH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp)| 7-Apr-23 - PEDOS37-3 - 8
Aluminum Dissoived 002 mg/L Non-Detect N Background Area | Lip Gradient Sample (Noot Bast Ramp) 7-Apr-23 PEDOS37-3 B
Arsenic Dissolved 0,0022 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - - PEDO537-3 - B
Chromium (Ill) Dissolved 0.025 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 7-Apr-23 PEDOS37-3 B
Galiium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - PEDO537-3 - 2]
Iron Dissohved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 7-Apr-23 - -~ PEDO537-3 - 8
Lead Dissalved 0,002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - PECOS37-3 8
Molybdenum Dissolved 0.014 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 7-Apr-23 - o PEDOS37-3 3
Selenium Digsolved 0.002 Il"_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boal Ramg) 7-Apr-23 - - PEDOS37-3 - 8
Vanadium Disselved 0.0023 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 7-Apr-23 - PELO537-3 8
Alkalinity, Bicarbonate (As CaC03) Toral 130 mg/L Detect N Background Area | Up Gradient Samele (Noot Boat Rams) 8-Apr-23 - - PEDOS37-6 - 8
Alicalinity, Carbonate (As CaC03) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 8-Apr-23 - - PEDO537-6 - ]
Alkalinity, Hydroxide (As CaC0O3) Total 5 WL Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 - PECO537-6 8
Alkalinity, Total (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 PEDOS37-6 B
Dissolved Drganic Carbon Dissolved 12 mg_ll Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 - - PEDOS37-6 - a8
Hardness (As CaCO3) Total 5,300 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramg 8-Apr-23 - PEDO537-6 B
pH Total 8.10 pH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 -~ - PECO537-6 B
Aluminum Dissolved 002 n{/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 - -~ PEDO537-6 - B
Arsenic Dissolved 20,0021 mg[L Detect N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 8-Apr-23 - PECOS37-6 8
Chromium (1) Disselved 0.025 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramip) 8-Apr-23 - PEDO537-6 - B
Gallium Dissolved 0.002 nﬂL Non-Detect | N Background Area | lip Gradient Sample (Noot Boat Ramp) 8-Apr-23 - - PEDO537-6 - B
ron Dissolved 0.020 mg_/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 8-Apr-23 - - PEDOS37-5 - 8
Lead Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 -~ ~ PEDO537-6 = B
Molybdenum Dissolved 0.013 n‘_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 8-Apr-23 - - PELOS37-5 ol B
Selenium Dissolved 0.002 myL Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 8-Apr-23 - - PEDOS37-6 - 8
Vanadium Dissolved 0.0024 lm_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 8-Apr-23 - PELOS37-6 8
Alkalinity, Bicarbonate [As CaC03) Total 130 me/L Detect N Background Area | Up Gradient Samale (Noot Boat Ramp)| 9-Apr-23 - - PEDOS37-9 - B
Alicalinity, Carbonate {As CacO3) Toltal 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Rampu 9-Apr-23 - . PEDO537-9 - B
Alkalinity, Hydrowide (As CaCO3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 9-Apr-23 - PECO537-9 - 8
Alkalinity, Total (As CaC03) Total 130 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 9-Apr-23 - PEDOS37-9 ;]
Dissolved Organic Carbon Dissolved 11 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 9.Apr-23 - - PEDOS37-9 - 8
Hardness (As CaCO3) Towal 6,300 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp;l 9-Apr-23 - - PECO537-9 - B
pH Total 810 pH units Detect N Background Area | Uip Gradient Sample (Noot Boat Ramp)| 9-Apr-23 - PEDOS37-5 - B
Aluminum Dissolved 002 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramz) 9.Apr-23 - .- PEDO537-8 - 8
Arsenic Dissolved 0.0022 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 - PECOS37-9 8
Chromium (11} Dissoved 0.025 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 - PEDOS37-9 8
Gallium Dissolved 0.002 m§_/L Non-Detect | N Badground Area | Up Gradient Sample (Noot Boat Ramg) 9.Apr-23 - - PEDOS37-9 - 8
Iron Dissolved 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 -- PELO537-9 8
lLead Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Nook Baat Ramp) 9-Apr-23 - PEDOS37-9 8
Malybdenum Dissolved 0.014 mE’L Detect N Bad!round Area | Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 - PEDO537-9 8
Selenivm Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 PECOS37-9 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Vanadium Dissolved 0.0024 me/L Detert N Background Area | Up Gradient Sample (Noot Boat Ramp) 9-Apr-23 - PECO537-9 B
Alkalinity, Bicarbonate (As CaCD3) Tokal 130 me/L Detect N Background Asea | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - - PELOG21-3 - B
Alkalinity, Carbonate {As CaC03) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Rampi 12-Apr-23 - PEDOS21-3 8
Alkalinity, Hydroxide [As CaL0O3) Total 5 n{/L Non-Detact N Background Area | lip Gradient Sample (Noot Boat Ram n)l 12-Apr-23 - PECO621-3 B
Alkalinity, Total {As CaCO3) Total 130 "E/L Detect N Bitkiround Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - .- PEDOG21-3 - 8
Dissolved Organic Carbon Dissolved 1.0 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - PECO621-3 ~ 8
Hardness (As CaC03) Total 6,100 WL Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr23 - PECOG2]1-3 B8
pH Total 820 pH units Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 12-Apr-23 - .- PEDOG21-3 - 8
Aluminum Disscived 0.09 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 PECO621-3 - 8
Arsenic Dissolved 0.0023 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - PECOG21-3 8
Cheomium (111} Dissolved 0.005 n1/L Non-Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 12-8pr-23 .- .- PEDROG21-3 . B
Gallium Dissolved 0.002 I!I;/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 12-Apr-23 - PEDOS21-3 - 8
iron Dissolved 0.230 mg/L Detect N Background Area | lip Gradient Sample (Noot Bast Ramp) 12-Apr-23 PEDOB21-3 B
Lead Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - - PEDOG21-3 - B
Molybdenum Dissolved 0.013 ma/L Dotect N Background Area | Up Gradient Simplo {Noot Boat Ramp) 12-Apr-23 PEDO621-3 B
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - PEDOG21-3 - 2]
Vanadium Dissohved 0.0034 n'{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 12-Apr-23 - - PEDOG21-3 - 8
Alkalinity, Bicarbonate (As CaCO3) Total 140 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - PECO629-3 8
Alkalinity, Carbonate (As CaC03) Totsl 5 mg/L Non-Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 13-Apr-23 - o PEDOG8Y9-3 3
Alkalinity, Hydroxide [As CaCO3) Total S m;_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - - PEDOGBIS-3 - 8
Alkalinity, Total {As CaC03) Total 140 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramg) 13-Apr-23 - PECO689-3 8
Dissolved Drganic Carbon Dissolved 12 mg/L Detect N Bachground Area | Up Gradient Sameple (Noot Boat Rams) 13-Apr-23 - - PEDOGSS-3 - 8
Hardness (As CaCO3) Total 6,600 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 13-Apr-23 - - PEDO5BI-3 - ]
pH Total $.10 PH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - PECO689-3 8
Aluminum Disscived 0.03 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 PEDOGBY-3 B
Arsenic Dissolved 0,0021 nﬂl Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - - PEDOG8S-3 - 8
Cheomium (i1} Dissolved 0.025 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramgp 13-Apr-23 - PEDO639-3 B
Galilum Dissclvad 0.002 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - ~ PECOGEI-3 B
Iron Dissolved 0.066 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 13-Apr-23 - - PECOGRY-3 - 8
Lead Dissolved 0,002 mg[L Non-Detect | N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 13-Apr-23 - PECO689-3 8
Molybdenum Disselved 0.013 mg/L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 13-Apr-23 - PEDOGB9-3 - B
Sedenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Uip Gradient Sample (Noot Boat Ramp) 13-Apr-23 - ~ PEDOGES-3 - B8
Vanadium Dissolved 0.0024 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 13-Apr-23 - - PEDOGSS-3 - 8
Alkalinity, Bicarbonate (As CaC03) Total 130 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ram o) 14-Apr-23 = = PECO745-3 - B
Alkalinity, Carbonate (As CaCO3) Total 5 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 14-Apr-23 - - PEDO745-3 - B
Alkalinity, Hydroxide (As CaC03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 14-Apr-23 - - PEDO745-3 - B8
Alkalinity, Total (As CaCO3) Total 130 lm_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ram) 14-Apr-23 - PECOT45-3 B
Dissolved Drganic Carbon Dissolved 11 me/L Detect N Background Area | Up Gradient Samale (Noot Boat Ramp)| 14-2Apr-23 - - PEDO745-3 - B
Hardness (As CaCO3) Total 5,500 ng_/ L Detect N Badground Area | Up Gradient Sample {(Noot Boat Ram pu 14-Apr-23 - .- PEDO745-3 o B
pH Total 8.10 PH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - PECO745-3 - B
Aluminum Dissolved 0.02 me/L Non-Detect | N Background Area | Uip Gradient Sample (Noot Bost Ramp)| 14-Apr-23 - PEDOTAS5-3 8
Arsenic Dissolved 0.0021 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - - PEDOT7AS-3 - 8
Chromium (1) Dissolvad 0.025 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramn;l 14-Apr-23 - - PECO745-3 - B
Galllum Dissolved 0.002 ni/ L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Ramp)| 14-Apr-23 - PEDO745-3 - :]
Iron Dissolved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramg) 14-Apr-23 - .- PEDO745-3 - 8
Lead Dissolved 0,002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - PECO7AS-3 8
Molybdenum Dissoved 0.013 "ill Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - PEDO745-3 8
Selenium Dissolved 0.002 WL Non-Detect | N ladground Area | Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - .- PEDOTAS5-3 - 8
Vanadium Dissolved 0.0022 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 14-Apr-23 - PECOTAS-3 8
Alkalinity, Bicarbonate (As CaCO2) Total 130 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 17-Apr-23 - PEDOBG3-03 8
Alkalinity, Carbonate [As CaC0D3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram ) 17-Apr-23 - PED08G3-03 8
Alkalinity, Hydroxide (As CaC0O3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 PEDO8E3 03 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Alkalinity, Total (As CaC03) Total 130 me/L Detert N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 - PEDO8G3-03 B
Dissolved Drganic Carbon Dissolved 11 me/L Detect N Background Asea | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 - - PEDO8E3-03 - B
Hardness {As CaCO3) Total 6,400 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Rampi 17-Apr-23 - PEDO8E3-03 8
pH Total 820 pH units Detect N Background Area | lip Gradient Sample (Noot Boat Ram n)l 17-Apr-23 - PEDOBES-03 B
Aluminum Dissolved 023 ng/ L Detect N Bitkiround Area | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 - .- PED0O8G3-03 - 8
Arsenic Dissolved 0.0020 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 - PEDO8E3-03 - 8
Chromium (I} Dissolved 0.005 l'l‘g_/L Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 - PEDOBE3-03 B8
Galfium Dissolved 0.002 ng_l L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 17-Apr-23 - .- PEDO8BS3-03 - 8
Iron Disscived 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 PED0853-03 - 8
Lead Dissolved 0.002 mg/L Non-Detect N Background Area | Up Gradient S5ample (Noot Boat Ramp) 17-Apr-23 - PEDOBE3-03 8
Malybdenum Disschved 0.012 mg/t Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 17-Apr-23 .- .- PEDOBG3-03 . B
Salenium Dissolved 0.002 I!I;/ L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp)| 17-Apr-23 - PEDO8BE3 03 - 8
Vanodium Dissoived 0,0030 mg/L Detert N Background Area | Lip Gradient Sample (Noot Bast Ramp) 17-Apr-23 PEDD8BG3-03 B
Alkalinity, Bicarbonate (As CaCD3) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - - PEDO8E3-06 - 8
Alkalinity, Carbonate {As Cac03) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 15-Apr-23 PEDO853 06 B
Alkalinity, Hydroxids (As CaLO3) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - PEDOBE3-06 - 2]
Alkalinity, Total (As CaCO3) Total 130 n‘{/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - - PEDO8G3-06 - 8
Dissolved Drganic Carbon Dissolved 1.0 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - PEDO863-06 8
Hardness (As Caco3) Total 6,100 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 15-Apr-23 - o PEDOBG3-06 3
pH Total 810 pH units Detect N Background Area | Up Gradient Sample (Noot Boal Ramp) 15-Apr-23 - ol PEDOBE3-06 - 8
Aluminum Disselved 0.02 mg/L Non-Detect | N Background Area | Up Gradiant Sample {Noot Boat Ramp) 15-Apr-23 - PED0853-06 8
Arsenic Dissolved 0.0020 mg/L Non-Detect | N Background Area | Up Gradient Samele (Noot Boat Ramp) 15-Apr-23 - - PEDO863 06 - 8
Cheomium (1)) Dissolved 0.005 n‘]l Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 15-Apr-23 - - PEDOBE3-06 - a
Galfium Dissolved 0.002 WL Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - PEDOSE3-06 8
Iron Disscived 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 PEDOBG3-06 B
Lead Dissolved 0.002 nﬁll Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - - PEDOBG3-06 - a
Molybdenum Dissolved 0.012 mg/L Detect N Background Area | Up Gradient Sumple {(Noot Boat Ramg) 15-Apr-23 - PED0863-06 B
Selenium Dissclvad 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - ~ PEDOBG306 B
Vanadium Dissolved 0.0024 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 - -~ PEDOBG3-06 - B
Alkalinity, Bicarbonate (As CaC03} Total 120 mg/L Dotect N Background Area | Up Gradient Sumole (Noot Boat Ramp) 16-Apr-23 - PED08G3-07 8
Alkalinity, Carbonate (As CaC03) Total 5 n'gl L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramip) 16-Apr-23 - PEDOBE3-07 - B
Alkalinity, Hydroxide (As CaCO3) Total 5 mg/L Non-Detect | N Background Area | Uip Gradient Sample (Noot Boat Ramp) 16-Apr-23 - ~ PEDOBG3-07 - B
Alkalinity, Total {As CaC03) Total 120 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 16-Apr-23 - - PEDO863-07 - 8
Dissolved Drganic Carbon Dissolved 1.1 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ram o) 16-Apr-23 = = PEDO8G3-07 = B
Hardness (As CaC03) Total 5,900 n‘/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 16-Apr-23 - - PEDOBG3-07 ol B
pH Total 810 PH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 16-Apr-23 - - PEDO8G3-07 - B
Aluminum Dissolved 0.02 lm_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram oil 16-Apr-23 - PEDOBE3 07 8
Arsenic Dissolved 0.0020 mglL Non-Detect | N Background Area | Up Gradient Samale (Noot Boat Ramp)| 16-Apr-23 - - PEDOBG3-07 - B
Cheomium (1) Dissolved 0.005 mg/L Non-Detext | N Background Area | Up Gradient Sample {Noot Boat Ram pu 16-Apr-23 - . PEDO8E3-07 - B
Galflum Dissolved 0.002 ma/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 16-Apr-23 - PEDO863 07 - 8
Iron Dissolved 0.020 ma/L Non-Detect | N Background Area | Uip Gradient Sample (Noot Bost Ramp)| 16-Apr-23 - PEDOBS3-07 8
lead Dissolved 0,002 ng_ll Non-Detect | N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 16-Apr-23 - - PEDO8E3-07 - 8
Molybdenum Dissolved 0.011 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp;l 16-Apr-23 - - PED08B3-07 - B
Selenium Dissolved 0.002 ni/ L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Ramp)| 16-Apr-23 - PEDOBG3-07 - :]
Vanadium Dissolved 0.0020 ng_l L Non-Detect | N Back!round Area | Up Gradiont Sample (Noot Boat Ramp) 16-Apr-23 - . PED08G3-07 .- 8
Alkalinity, Bicarbonate (As CaC03) Total 130 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED0952-03 8
Alkalinity, Carbonate (As CaC03) Total 5 "'il L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PEDN9S2-03 a
Alkalinity, Hydroxide [As CaCO3) Total 5 m§_/L Non-Detect | N Badground Area | Up Gradient Sample (Noot Boat Ramg) 18-Apr-23 - - PEDOS52-03 - )
Alkalinity, Total (As CaCO3) Total 130 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED0952-03 8
Dissolved Drganic Carbon Dissalved 15 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 18-Apr-23 - PED0952-03 8
Hardness {As CaCO3) Total 6,500 ma/L Detect N Background Area | Up Gradient Sample {Noot Boat Ram ) 18-Apr-23 -- PED0952-03 8
pH Total £.20 PH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 PED0952.03 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Aluminum Dissolved 0.04 me/L Detert N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED0952-03 B
Arsenic Dissolved 0,0020 me/L Non-Detect | N Background Asea | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - - PED0952-03 - B
Chromium (Ill) Dissolved 0.008 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Rampi 18-Apr-23 - PED0952-03 8
Gallium Dissolved 0.002 n‘/ L Non-Detact N Background Area | lip Gradient Sample (Noot Boat Ram n)l 18-Apr-23 - PED0S52-03 B
Iron Dissolved 0.020 "E/ L Non-Detect | N Background Ares | Up Gradient Sample {Noot Baat Ramp) 18-Apr-23 - - PED0S52-03 - 8
Lead Dissolved 0.002 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED0952-03 - 8
Molybdenum Dissolved 0.013 rl‘g_/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED0O952403 B8
Selenium Dissolved 0.002 ng_l L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) | 18-Apr-23 - .- PED0952-03 - 8
Vanadium Dissoived 0.0024 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 18 -Apr-23 PED0952-03 - 8
Alkalinity, Bicarbonate (As CaC03) Total 130 mg/L Detect N Background Area | Up Gradient S5ample (Noot Boat Ramp) 19-Apr-23 - PED10G1-03 8
Al(al'nmL, Carbonate (As CaCO3}) Total 5 n1/ L Non-Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 19-Apr-23 .- - PED1061-03 . B
Alkalinity, Hydroxida (As CaCO3) Total 5 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 19-Apr-23 - PED1061-03 - 8
Alkalinity, Total (As CaC03) Totol 130 mg/L Detert N Background Area | Lip Gradient Sample (Noot Bast Ramp) 15-Apr-23 PED1061-03 B
Dissolved Drganic Carbon Dissolved 13 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 19-Apr-23 - - PED1061-03 - B
Hardness {As CaCO3) Total 6,800 "‘fl L Dotect N Bad;‘lound Area | Up Gradient Samplo {Noot Boat Ramp) 19-Apr-23 PED1061 03 8
pH Total 8.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 19-Apr-23 - PED1061-03 - 2]
Aluminum Dissohved 0.02 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 18-Apr-23 - -~ PED106103 - 8
Arsenic Dissolved 0.0020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 19-Apr-23 - PED1061-03 8
Chromium (1) Dissolved 0.005 mg/L Non-Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 19-Apr-23 - o PED1061-03 3
Galiium Digsolved 0.002 Il"_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boal Ramg) 19-Ape-23 - - PED1061-03 - 8
ron Disselved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 19-Apr-23 - PED1061-03 8
Lead Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sameple (Noot Boat Ramp) 19-Apr-23 - - PED10G1-03 - 8
Molybdenum Dissolved 0.012 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 19-Apr-23 - - PED1061-03 - ]
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 18-Apr-23 - PED1061-03 8
vanadium Disscived 0.0021 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 15-Apr-23 PED1061-03 B
Alkalinity, Bicarbonate (As CaCD3) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 20-2pr-23 - - PED1039-01 - )
Alkalinity, Carbonate (As CaC03) Total 5 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramgp 20-Apr-23 - PED1059-01 B
Alkalinity, Hydroxide (As CaC03) Total 5 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 20-Apr-23 - ~ PED1099-01 B
Alkalinity, Total (As CaCO3) Total 130 n{/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 20-Apr-23 - -~ PED1039-01 - B
Dissolved Organic Carbon Dissolved 12 mg/L Dotect N Background Area | Up Gradient Sumole (Noot Boat Ramp) 20-Apr-23 - PED1039.01 -]
Hardness (As CaCO3) Total 6,900 n'gl L Detect N Background Area | Up Grodient Sample (Noot Boat Ramp) 20-Apr-23 = PED1099-01 = B
pH Total 820 pH units Detect N Background Area | lip Gradient Sample (Noot Boat Ramp) 20-Apr-23 - ~ PED1059-01 ot B
Aluminum Dissolved 0.02 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 20-Apr-23 - - PED1059-01 - 8
Arsenic Dissolved 0.0020 ng_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 20-Apr-23 = - PED1059-01 = B
Cheomium (1) Dissolved 0.005 n‘_/ L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp)| 20-Apr-23 - -~ PED1099-01 - B
Gallium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 20-Apr-23 - - PED1099-01 - B
iron Dissolved 0.020 lm_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram ) 20-Apr-23 - PED1099-01 8
Lead Dissolved 0.002 me/L Non-Detect | N Background Area | Up Gradient Samgle (Noot Boat Ramp)| 20-Apr-23 - - PED1099-01 - B
Molybdenum Dissolved 0,013 ng_! L Detect N Badground Area | Up Gradient Sample {(Noot Boat Ram pu 20-Apr-23 - . PED1099-01 o B
Selenium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 20-Apr-23 - PED1099-01 - 8
Vanadium Dissolved 0.0021 "i/ L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp)| 20-Apr-23 - PED1059-01 8
Alkalinity, Bicarbonate (As CaC03) Total 130 ng_ll Detect N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - - PED127801 - 8
Alialinity, Caroonate {As CacO3) Total 5 ma/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramn;l 21-Apr-23 - - PED1278-01 - 8
Alkalinity, Hydroxide (As CaCO3) Total 5 ni/ L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Ramp)| 21-Apr-23 - PED1278-01 - :]
Alkalinity, Total (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramp) 21-Apr-23 = - PED1278-01 = 8
Dissolved Organic Carbon Dissolved 15 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - PED127801 8
Hardness (As CaC03) Total 6,700 mg/l Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - PED1278-01 8
pH Total 8.20 pH units Detect N Badground Area | Up Gradient Sample (Noot Boat Ramg) 21-Apr-23 - - PED127801 - )
Aluminum Dissolved 0.05 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - PED1278 01 8
Arsenit Dissalved 0.0023 ma/L Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 21-Apr-23 - PED1278-01 8
Chromium (I} Dissolved 0.005 '“E’ L Non-Detect | N Bad!round Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - PED1278-01 8
Gallium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 PED127801 8
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

TABLE B1

Available Background Marine Surface Water Data

Chemical Nama ‘Fraction Result Unit Datoct Arga Sample Location Sampla Date Sample Time Fiald 1D SDG Sample Type | Data Sourca
Iron Dissolved 0.020 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - PED1278-01 B
Lead Dissolved 0,002 me/L Non-Detect | N Background Asea | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - - PED127801 - B
Molybdenum Dissolved 0,012 mg/L Detect N Background Area | Up Gradient Sample {Noot Boat Ramni 21-Apr-23 - PED1278-01 8
Selenium Dissolved 0.002 n‘/ L Non-Detect N Background Area | lip Gradient Sample (Noot Boat Ram n)l 21-Apr-23 - PED1278-01 B
Vanadium Dissolved 0.0020 "1/1 Non-Detect | N Bitkiround Area | Up Gradient Sample (Noot Boat Ramp) 21-Apr-23 - .- PED1278-01 - 8
Allalinity, Bicarbonate (As CaC03) Total 140 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - PED136803 ~ 8
Alicalinity, Carbonate (As CaC03) Total 5 l'l‘g_/L Non-Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Apr23 - PED1368-03 B8
Alkalinity, Hydroxide [As CalO3) Total 5 ng_l L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) | 22-Apr-23 -- - PED1368-03 = B
Alkalinity, Total (As CaCO3) Total 140 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 PED1358-03 - 8
Dissolved Drganic Carbon Dissolved 13 mg/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - PED1368-03 8
Hardness (As CaCO3) Total 6,700 ml/L Detect N Batﬂround Area |Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - .- PED1368-03 . B
pH Total £.20 pH units Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) | 22-Apr-23 - PED1368-03 - 8
Aluminum Dissoived 002 mg/L Non-Detect N Background Area | lip Gradient Sample (Noot Bast Ramp) 22-Apr-23 PED136803 B
Arsenic Dissolved 0,0020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - - PED1368-03 - B
Chromium (Ill) Dissolved 0,008 ma/L Non-Detect | N Background Area | Up Gradient Samglo {Noot Boat Ramp) 22 Apr23 PED1368 03 B
Galiium Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - PEDI368-03 = 8
Iron Dissohved 0.020 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 22-Apr-23 - -~ PED136803 - 8
Lead Dissolved 0,002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 22-Apr-23 - PED136803 8
Molybdenum Dissolved 0.013 mg/L Detect N Background Area | Up Gradient Sampie (Noot Boat Ramp) 22-Apr-23 - o PED1368-03 3
Selenium Digsolved 0.002 Il"_/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boal Ramg) 22-Ape-23 - - PED1368-03 - 8
Vanadium Disselved 0.0020 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramg) 22-Apr-23 - PED1368-03 8
Alkalinity, Bicarbonate (As CaC03) Toral 130 mg/L Detect N Bachground Area | Up Gradient Sameple (Noot Boat Rams) 23-Apr-23 -~ - PED136806 - 8
Alicalinity, Carbonate (As CaC03) Total 3 mg/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 23-Apr-23 - - PED136806 - [
Alkalinity, Hydroxide (As CaC0O3) Total 5 WL Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 - PED136806 8
Alkalinity, Total (As CaCO3) Total 130 mg/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 PED1368-06 B
Dissolved Drganic Carbon Dissolved 14 mg_ll Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 - - PED1368-06 - a8
Hardness (As CaCO3) Total 5,600 mg_[L Detect N Background Area | Up Gradient Sample {Noot Boat Ramg) 23-Apr-23 - PED1368-06 B
pH Total 8.20 pH units Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 - ~ PED1368-06 B
Aluminum Dissolved 002 n{/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 - -~ PED1368-06 - B
Arsenic Dissolved 0.,0020 mg[L Non-Detect | N Badgrmund Area | Up Gradient Samole (Noot Boat Ramp) 23-Apr-23 - PED1368-06 8
Chromium (1) Disselved 0,005 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramip) 23-Apr-23 - PED1368-06 - B
Gallium Dissolved 0.002 mg/L Non-Detect | N Background Area | lip Gradient Sample (Noot Boat Ramp) 23-Apr-23 - ~ PED1368-06 ad B
ron Dissolved 0.020 mg_/L Non-Detect | N Background Area | Up Gradient Sample {Noot Boat Ramp) 23-Apr-23 - - PED1368-06 - 8
Lead Dissolved 0.002 ng_/ L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 = - PED136806 = B
Molybdenum Dissolved 0.013 n‘_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp)| 23-Apr-23 - - PED1368-06 ol B
Salenium Dissolved 0.002 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ram p!l 23-Apr-23 - - PED1368-06 - B
Vanadium Dissolved 0.0021 IIR_/ L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 23-Apr-23 - PED1368-06 8
Dissolved Drganic Carbon Dissolved 13 me/L Detect N Background Area | Up Gradient Samale (Noot Boat Ramp)| 24-Apr-23 - - PED1368-08 - B
pH Total 8.10 pH units Detect N Badground Area | Up Gradient Sample {(Noot Boat Rampu 24-Apr-23 - .- PED1368-08 - B
Aluminum Dissclved 0.02 ma/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 24-Apr-23 - PED136808 - 8
Arsenic Dissolved 0.0020 ma/L Non-Detect | N Background Area | Uip Gradient Sample (Noot Bost Ramp)| 24-Apr-23 - PED1368-08 8
Galllum Dissolved 0,002 ng_ll Non-Detect | N Bacﬁground Area | Up Gradient Sample (Noot Boat Ramp) 24-Apr-23 - - PED1368-08 - 8
iron Dissolvad 0.020 ma/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramn;l 24-Apr-23 - - PED1368-08 - B
Lead Dissolved 0,002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noat Boat Rams)| 24-Apr-23 - PED1368-08 - B
Manganese Dissolved 0.0022 mg/L Detect N Background Area_| Up Gradient Sample {Noot Boat Ramz) 24-Apr-23 - .- PED136808 .- 8
Molybdenum Dissolved 0,013 ma/L Detect N Background Area |Up Gradient Sample (Noot Boat Ramp) 24-Apr-23 - PED1368-08 8
Selenlum Dissoved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 24-Apr-23 - PED136808 8
Vanadium Dissolved 0.0020 mg_/ L Non-Detect | N Badground Area | Up Gradient Sample (Noot Boat Ramg) 24-Apr-23 - - PED136808 - 8
Dissolved Organlc Carbon Dissclved 11 ma/L Detect N Background Area | Up Gradient Sample {(Noot Boat Ramp) 27-Apr-23 - PED1560-02 8
pH Total 810 pH units Detect N Background Area | Up Gradient Sample (Noot Baat Ramp) 27-Apr-23 - PED1560-02 8
Aluminum Dissolved 0.02 m&’ L Non-Detect | N Bad!round Area | Up Gradient Sample (Noot Boat Ramp) 27-Apr-23 - PED1560-02 ]
Arsenic Dissolved 0.0021 ma/L Detect N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Apr-23 PED1560-02 8
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TABLE B1
Available Background Marine Surface Water Data
EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Gallium Dissolved 0.002 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp)| 27-Apr-23 - - PED1560-02 " B
Iron Dissolved 0.020 me/L Non-Detect | N Backpround Asea | Up Gradient Sample {(Noot Boat Ramp!l 27-Apr-23 - - PED1560-02 - B
Lead Dissolved 0.002 mg/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Apr-23 - - PED156002 8
Manganese Dissolved 0.0022 n‘/t Detect N Background Area | lip Gradient Sample (Noot Boat Ram p)l 27-Apr-23 - - PEDIS60-02 B8
Maolybdenum Dissolved 0.013 n{/ L Detect N Bitk!round Area | Up Gradient Sample (Noot Boat Ramp)| 27-Apr-23 - .- PED156002 - 8
Selenium Dissolved 0.002 mg/L Non-Detect | N Background Area |Up Gradient Sample (Noot Boat Ramp) 27-Apr-23 - - PED1580-02 - 8
Vanadium Dissolved 0.0020 me/L Non-Detect | N Background Area | Up Gradient Sample (Noot Boat Ramp) 27-Apr23 - - PED156002 8
Notes:
- = not Available

mg/L = milligram per litre
S Background Area = South Background Area
N Background Aren = North Background Area
Sample Type Notes

N =Normal Sample

FD = Field Duplicate Sample
Date Source Notes

A= Oceanica 2012

B = 2023 Ocean and Recovery Bores

C= 2023 Alcoa Datasel
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Attachment C  Selenium Environmental Quality Guideline Derivation

To derive robust site-specific environmental quality guidelines (FQGs) for selenium in Cockburn Sound, a
meltanalysis was undertaken using available marine ecotoxicity data for selenium. Following the
stepwise guidance on EQG derivation utilising the species sensitivity distribution (SSD) approach by the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018), a total of
eight studies were collated, classified and assessed for quality. Data were screened, prioritising chronic
data where possible and converting acute data to chronic when necessary. The size of the compiled
dataset is considered ‘preferred” according to the criteria outlined in Warne et al. (2018), as it covers 20
species and six taxonomic groups, exceeding the minimum data requirements. Ssdtools v2.2.0
software(Thorley et al., 2025) was used to generate SSDs and derive a 95 percent level of protection
(suitable for the evaluation of moderate environmental protection) for selenium of 31 pg /L adjacent to
the Alcoa Kwinana Refinery in Western Australia. Other derived levels of protection include the 99™
percent and 85" percent species protection levels of 9.3 pg/L and 76 pg/L, respectively. These EQGs are
suitable for the evaluation of high and low ecological protection elsewhere within Cockburn Sound.
Derived EQGs are considered ‘Moderate’ reliability based on the ‘Preferred’ sample size and the good
quality fit of the SSD generated using chronic and converted acute toxicity data (Warne et al. 2018),
Since selenium is known to bioaccumulate in the aquatic environment, the high, moderate and low
ecological protection EQGs were based on the 99", 95™ and 85™ percentiles in the cumulative
prabability distribution, respectively.

To establish greater confidence in the protectiveness of the EQGs for selenium, an additional lines-of-
evidence assessment was conducted to directly consider the bioaccumulation pathway in Cockburn
Sound (Attachment D; Attachment E). There are acknowledged uncertainties associated with this lines-
of-evidence assessment, specifically regarding parameterisation of the quantitative dietary model, that
preclude the adoption of the selenium EQGs derived for Site monitoring efforts at this time. Additional
model refinement through the collection of site-specific parameters is recommended to reduce these
uncertainties and develop a reliable EQG that is protective of receptors in Cockburn Sound. Until
refinement occurs, the 95™ percentile background concentration of 10 pg/L will be adopted as the
interim selenium EQG for the purpose of advancing the program. Details of the selenium EQG derivation
process are discussed herein.

Introduction

The existing Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018)
low reliability guideline (LRV) for total selenium in the marine environment is 3 pg/L. The marine
selenium LRV is a low reliability (interim) trigger value originally developed in 2000 as part of the
Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (ANZECC and ARMCANZ) guidance. The selenium
LRV was derived from acute toxicity data from three different taxonomic groups (fish, crustacea and
mollusca) allowed an assessment factor (AF) of 100 to be used. The lowest toxicity data available (96-hr
LC50 for the bay scallop, Argopecten irradians at 255 pg/L; Nelson et al., 1988) was divided by an AF of
100 to yield the LRV. It should be noted that the LC50 for the bay scallop was calculated using nominal
concentrations of the metal. ANZG (2018) recommends that studies based on nominal concentrations
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be carefully evaluated for inclusion in SSD-based derivations. In brief, the LRV for selenium has many
inherent weaknesses as it is derived from only one data point and that datapoint was calculated from
nominal data. The purpose of this attachment is to step through the ANZG (2018) derivation process for
marine selenium and to develop an EQG for moderate environmental protection areas in Cockburn
Sound.

The ANZG (2018), states that LRVs should only be used, in the following circumstances; 1) in the interim,
2) with a plan to improve the value, 3) with other lines of evidence to account for the low reliability and
improve the overall confidence in the assessment and 4) with documented justification for why the LRV
is used. ANZG (2018) and local guidance for the Cockburn Sound in Western Australia, the EQC
Reference Document for Cockburn Sound detail approaches to develop EQGs or upgrade LRVs to EQGs.
The EQC Reference Document is based on the guidance available at the time in ANZECC & ARMCANZ
(2000). £QC Reference Document, ANZG (2018) and Warne et al., (2018) outline a framework to
establish EQGs utilising a more technically robust SSD method. The SSD method to derive risk-based
limits for aquatic receptors consists of collation of toxicological literature, an assessment of its quality,
identification of a single toxicity value per species and distribution fitting using ssdtools v2.2.0 software
(Thorley et al., 2025) to calculate guideline values at different levels of protection. SSD approaches are
favourable because they consider all available toxicity data rather than just using the most sensitive
toxicity data point, allowing for statistical confidence intervals to be calculated and enabling estimation
of specific levels of protection from the fitted, model-averaged cumulative probability distribution
function. Despite advances in the approach to formally derive EQGs and numerous additional
ecotoxicological studies assessing marine metals, few LRVs have been updated since ANZECC &
ARMCANZ (2000).

Extensive research has been undertaken on the ecotoxicity of marine selenium in the 20-30 years since
the current guideline was developed. The purpose of this document is to leverage the contemporised
marine selenium toxicity data and follow the most updated guidelines (ANZG, 2018; Warne et al., 2018)
to derive an EQG to upgrade the existing LRV for marine selenium.

Objectives
The objectives of this assessment are as follows:

e Collate and screen the ecotoxicity data available for marine selenium and determine whether 1)
it qualifies for inclusion in SSD analysis and 2) enough qualifying data exists to derive an EQG for
selenium.

e Select quality data for inclusion in an SSD analysis to derive EQGs for marine total selenium and
determine the reliability of the EQGs.
® Reality check the EQG values in reference to EQGs in other jurisdictions.

Document Structure

This document is structured as follows:
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» Overview of Ecotoxicity Data — provides a review of data considered for EQG derivation and the
screening and quality assessment process

e Species Sensitivity Distribution Analysis — summarises the results of the SSD analysis and
calculated EQGs at different levels of protection

e Comparison to Other Existing Selenium Limits - provides an assessment of calculated selenium
EQGs in relation to selenium limils in other jurisdictions

Environmental Quality Guideline Derivation Guidance Approaches Considered

The derivation of site-specific EQGs presented herein was informed by the latest ANZG (2018) guidance
with the goal of establishing scientifically robust marine EQG values for selenium. The following
guidelines were considered:

®  Warne, Ms., Batley, G. E., van Dam, R. A., Chapman, J. C., Fox, D. R., Hickey, C. W., & Stauber, J.
L. (2018). Revised Method for Deriving Australian and New Zealand Water Quality Guideline
Vaiues for Toxicants — update of 2015 version.

e Batley, G, van Dam, R., Warne, Ms,, Chapman, J., Fox, D., Hickey, C., & Stauber, J. (2018).
Technical rationale for changes to the method for deriving Australian and New Zealand water
quality guideline values for toxicants. Australian and New Zealand Governments and Australian
State and Territory Governments, (October), 1-48.

e Environmental Protection Authority (2017). Environmental Quality Criteria Reference Document
for Cockburn Sound, Perth, Western Australia.

Overview of Ecotoxicity data

This section describes the data collection and processing steps undertaken to compile a toxicity dataset
suitable for use in the SSD analysis.

Collation of Aguatic Ecotoxicity Literature

A comprehensive literature review was conducted to obtain studies used in the derivation of the
previous selenium LRV as well as a forward-looking literature search to identify studies derived since
1987, which was the year of study included in the LRV derivation. In total, eight studies were identified
using key word searches for iterations of “chronic marine selenium toxicity” using an online peer-
reviewed literature database and forward and backward literature searches from citation lists of
identified papers. A brief summary of the identified papers is provided below:
* Brix et al. (2004)— Examined chronic and acute selenium toxicity in brine shrimp (Artemia
franiciscana), brine fly (Ephydra cinerea) and a hypersaline alga (Dunaliella viridis).
» Karthikeyan et al. (2019) — Examined chronic and acute selenium and cobalt toxicity to diatoms
(Odontella mobiliensis, Coscinodiscus centralis and Skeletonema costatum), a copepod
(Longipedia weberi) and mysid shrimp.
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® Nagarjuna et al. (2018) - Fvaluated enzyme activities, histopathological changes due to the effect
of acute and chronic definitive toxicity of selenium on giant tiger shrimp (Penaeus monodon)
and green mussel (Perna viridis).

e Ward et al. (1981) — Performed acute toxicity tests on five estuarine organisms (Mysidopsis
bahia, Cyprinodon variagatus, Penaeus aztacus, Calliinectes sapidus and Lagodon rhomboides)
and chronic or early life stage tests were conducted with mysid shrimp (Mysidopsis bahia) and
sheepshead minnows (Cyprinodon variagatus).

* Forsythe and Klaine (1994) — Examined selenate toxicity to brine shrimp (Artemia spp.) in
relation to high and low sulphate levels.

e Glickstein (1978) — Evaluated the toxicity of selenium and mercury and the potential
modification of mercury toxicity by selenium in embryos of the Pacific oyster (Crassosirea gigas)
and the larvae of the crab (Cancer magister).

e Nelson et al. (1988) — Examined the acute toxicity of selenium (and copper, lead and zinc) to
juvenile Argopecten irradians and Spisula solidissima

e Martin et al. (1981) — Assessed the toxicity of arsenic, cadmium, chromium, copper, lead,
mercury, nickel, selenium, silver and zinc salts to the embryos of Pacific oyster (Crassostrea
gigas) and bay mussel (Mytilus edulis) and Dungeness crab (Cancer magister) larvae.

eening and Quality Assessment ol Aguatic Ecotoxicity Literature

The quality of toxicity studies was determined in accordance with the Warne et al., (2018) guidance to
establish whether effects concentration data were qualified for inclusion in the derivation process.
Table C1 and Table C2 summarise the toxicity data for selenium included in the SSD analysis and the
scoring for all toxicity data included.

Scoring guides differ based on the test media (fresh or marine waters), organism type (plant or non-
plant) and constituent (metal or non-metal). The data quality ‘score’ is determined by awarding points
based on the methods used to generate the toxicity values. Table C1 and Table C2 indicate the ‘quality
scores’ for plant and non-plant studies, respectively and weigh the scores based on the total number of
points for each scoring rubric. ANZG (2018) states that “toxicity data with a quality score >80% are
classed as ‘high’ quality, data with a quality score of 2 50% to < 80% are classed as ‘acceptable’ quality,
whilst data with a quality score of <50% are classed as ‘unacceptable’ quality. Only ‘high’ and
‘acceptable’ quality data can be used to derive EQGs.” The scoring results and quality scores for marine
selenium (ANZG, 2018) plants and non- plants can be found in Table C1 and Table C2. All ecotoxicity
data considered are at least considered “acceptable” for inclusion in guideline derivation.

The guidance (Warne et al., 2018) states that “as a general rule, toxicity data published prior to 1980
should not be included as these data are considered more likely to be unreliable due to advances in
experimental and analytical capabilities since that time (Warne, 1998)”. We chose to include one paper
published prior to 1980 (Glickstein, 1978), as the methods described returned data quality scores of 89
which are considered “high quality” as described above.

Data were classified as acute or chronic according to the taxa-specific acute and chronic toxicity
framework outlined by Warne et al., (2018). The acute vs chronic decision-making scheme considers the
taxa, life stage, relevant endpoints and test duration to ultimately determine if tests accur for a short or
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substantial portion of the organism’s life. These acute or chronic designations for the data included can
be found in Table C3.

election of Data to Calculate Single Toxic Eff

el ncentration per Species

Since a single data point is used to represent the sensitivity of €ach species in an S5D, some studies
overlapped in the species tested for selenium toxicity. The process of curating the available toxicity data
followed two guiding principles by Warne et al_ (2018):

1} “The preferred order of statistical estimates of chronic (and acute) toxicity to calculate site-
specific WQGs is: NEC/EC/IC/LCx (where x £10), BEC10, EC/IC/LC15-20 and NOEC. In many cases,
only chronic NOEC data will be available, and these may be used” and,

2) “Chronic data are always preferred in the derivation of WQGSs over acute dala. In situations
where acute toxicity data is available, acute data can be converted to chronic data by applying
an acute to chronic ratio (ACR). In absence of an ACR for a particular toxicant, a default ACR of
10 can be applied”.

To summarise, chronic data was prioritised over acute data (as emphasised frequently by Warne et al,,
2018). Where chronic data were unavailable, acute data converted to chronic by applying an acute-to-
chronic ratio (ACR; Warne et al., 2018; Batley et al., 2018). Per the guidance of Warne et al. (2018), ACRs
were calculated when a study presented chronic and acute data for a single species. ACRs are calculated
by the division of the acute toxicity value (LC/EC50) by the chronic toxicity value (NOEC/EC10). Published
ACRs were available for two species, Mysidopsis bahia of 7.085 (USEPA, 1987; Ward et al., 1981) and
sheepshead minnow 10.96 (USEPA, 1987; Ward et al., 1981). ACRs were calculated for Penaeus
monodon (ACR = 42; data from Nagarjuna et al., 2018), Perna viridis (ACR = 12.5; data from Nagarjuna et
al., 2018), Artemia franciscana (ACR = 5.2; data from Brix et al., 2004) and Dunaliella viridis (ACR = 4.1;
data from Brix et al., 2004). ACRs were applied to convert acute data to chronic using guidelines outlined
by Warne et al. (2018), such that taxa-specific ACRs were used where available and a generic ACR (ACR =
9.0) was used when a taxa-specific ACR was not available. A generic ACR was calculated by the
geometric mean of the taxa specific ACRs (Warne et al., 2018). In cases where there were insufficient
chronic EC/IC/LCx (where x < 10) data to derive a GV using the SSD method, chronic LC50 values for
Mytilus edulis and Crassotrea gigas were divided by 5 to provide estimates of chronic NOEC/EC10 data
per the guidance of Warne et al. (2018).

A single toxicity value per species was selected by following the guidance outlined by Warne et al.
(2018). If a single toxicity value was available, it was adopted for that species. if more than one toxicity
value was available for a given species, endpoint and duration, the geometric mean was calculated for
those values. Following any species/endpoint geometric mean calculations, the lowest toxicity value
across all endpoints was adopted. The final toxicity data included in the SSD is shown in Figure C1.
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Minimum Data Requirements

Minimum data requirements for EQG derivation using the SSD approach include five species belonging
to four taxonomic groups as defined by the following groups: fish, amphibians, crustaceans, insects,
molluscs, annelids, echinoderms, rotifers, hydra, green algae, diatoms, brown algae, red algae,
macrophytes, blue-green algae (cyanobacteria), bacteria, protozoans, coral and fungi (Warne et al.,
2018). The collated marine selenium dataset includes 20 species across six taxonomic groups which
meets the above stated minimum data requirements.

Multimodal Distributions

The selenium ecotoxicity data were also screened for multimodal distributions. The guidance poses four
questions to assist with screening for multimodal distributions:
1) Is there a specific mode of action that could result in taxa-specific sensitivity ?

Selenium is an essential micronutrient for humans and other animals, but the
essentiality of selenium to plants is still debated (Gupta and Gupta, 2017). Selenium
exerts its biological functions via molecules called selenoproteins, containing the amino
acid selenocysteine (Nessel and Gupta, 2023). This amino acid is used in pathways that
organic hyperoxides and hydrogen peroxide, serves a role in making DNA form RNA and
assist with thyroid hormones and hormone metabolites (Nessel and Gupta, 2023). In
plants, selenium in low doses protects from variety of abiotic stresses such as cold,
drought, desiccation and metal stress (Gupta and Gupta, 2017). We have not
encountered any specific mode of action that could directly explain taxa specific
sensitivity. Visual inspection of the SSD shows that different taxa or phyla are well
dispersed across the model-averaged, cumulative probability distribution. Therefore, no
focused consideration of taxa or group specific toxicity is considered warranted at this
time.

2) Does the dataset suggest bimodality?
We did not detect multimodal distributions in the dataset as indicated by visual
inspection of the SSD (Figure C1) and a calculated bimodality coefficient (BC). The
equation for the BC is shown in Equation B1, where y = skewness, ¥ = excess kurtosis
and n = sample size.

EQUATION B1 BIMODALITY COEFFICIENT

y:+1
3(n=1)>*
K+ T — T —

The calculated BC for the selenium dataset was 0.41. Because this value is less than the
threshold indicating bimodality (BC=0.555) it is unlikely the dataset is multimodal.

BC =
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3) Do the data show taxa-specific sensitivity (that is through distinct grouping of different
taxon types)?
Visual inspection of the SSD (Figure C1) shows that different taxa or phyla are well
dispersed across LC50 values. Certain taxa are not more or less sensitive to selenium
than other taxa.

4) s it likely that indications of bimodality or multimodality or distinct clustering of taxa
groups are not due to artefacts of data selection, smail sample size, test procedures, or
other reasons unrelated to a specific mode of action?

It is unlikely that bimodality or multimodality are being masked through the data
selection process as the dataset consists of 20 species representing six taxonomic
groups, greater than the 15-species threshold required to be considered ‘Preferred’
sample size per Warne et al. (2018).

Species Sensitivity Distribution Analysis

Cumulative probability distributions were fit to the available species sensitivity data using ssdtools
v2.2.0 (Thorley et al., 2025). Figure C1 illustrates the distribution of chronic effects data, fit using a
model-averaged distribution. The associated EQGs for species protection between 80 to 99 percent are
shown in Table C4.

The ssdtools approach applies multiple distributions and relies on a model-averaging methodology to
obtain a combined predictive model (Thorley et al_, 2025). The model-averaging approach aims to
minimise bias, estimate reliable protection levels and confidence intervals that are robust to small
changes in the data, and provide a set of underlying statistical distributions that balance flexibility,
stability, and performance (Fox et al,, 2022). Ssdtools software utilizes six different distribution types by
default: log-normal, log-logistic, log-Gumbel (inverse Weibull), Gamma, Weibull, and a log-normal
mixture. The goodness of fit for each ssdtools distribution applied to the selenium dataset is illustrated
in Figure C2, The model-averaged result is a weighted average based on the quality of the fit from each
of these distributions. Fit quality is assessed using the Akaike information criterion corrected for the
underlying sample size (AIC.) to determine a relative distribution weight. The underlying distribution
with the best fit to the data was the log-Gumbel model with a relative weight of 0.594. A summary of
the goodness of fit statistics for each distribution comprising the model-averaged fit can be found in
Table C5. A summary of the the ssdtools outputs for selenium is provided in Figure C3.

Recommended Selenium EQG
The data in Table €3 were used to generate EQGs for LOPs between 80 to 99 percent (Table C4) using

the SSD approach with the ssdtools v2.2.0 software (Thorley et al., 2025). The current LRV (3 pg/L)
derived by the AF method relies on one data point and is intended to be overly cautious.
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Determining the Reliability of the EQG

The EQG reliability was determined using criteria that considers, 1) the dataset sample size, 2) the type
of data included (chronic, combined chronic and converted acute, or converted acute) and 3) the quality
of data fit in the SSD (Warne et al., 2018). Warne et al., 2018 states “Datasets that have 5—7 species are
termed ‘adequate’, datasets that contain data for 8-14 species that belong to at least four taxonomic
groups are ‘good” and datasets that contain data for at least 15 species belonging to at least four
taxonomic groups are termed ‘preferred’.” The selenium dataset has 20 species included across 6
groups, which classifies in the “preferred” sample size. This dataset includes combined chronic and
converted acute data and the fit of the SSD is considered “good”. Thus, this EQG is considered moderate
reliability.

Bioaccumulation Correction

Finally, selenium is a canstituent known to bioaccumulate and bioaccumulation must be considered
when deriving EQGs. ANZG (2018) states, “to account for the bioaccumulating nature of this toxicant, it
is recommended to apply the species protection level “designated guideline values” (DGV) one level
above that which would normally be applied (e.g., if 95 percent level of species protection would
normally be applied, then the 99 percent DGV should be used (Warne et al., 2018).” In Cockburn Sound
there are areas of high, moderate and low ecological protection. These correspond to 95", 90" and 80"
percent levels of protection, respectively (as defined by ANZECC and ARMCANZ 2000). However, with a
constituent that bioaccumulates, 99", 95™ and 85" percent levels of protection are adopted. As
selenium is a constituent known to bioaccumulate, the 99%, 95™ and 85™ percent LOPs are used for the
high, moderate and low levels of ecological protection, respectively. It should be acknowledged that this
adjustment is a surrogate approach that does not directly consider potential risks to higher order biota
which may be exposed through dietary uptake.

It is also worth noting that other jurisdictions incorporate bioaccumulation into EQGs in different ways.
For example, the USEPA updated freshwater EQGs for selenium in 2016 with a recommendation that
fish tissue toxicity data be given precedence over the water column toxicity data when both types of
data are available, because fish tissue concentrations are a more direct measure of selenium
bioaccumulation and potential toxicity to aquatic life than water column concentrations alone.

To establish greater confidence in the protectiveness of the derived EQGs for selenium, an additional
lines-of-evidence assessment was conducted to directly consider the bioaccumulation pathway in
Cockburn Sound (Attachment D; Attachment E}. This assessment included a qualitative assessment of
available site-specific sea star (Archaster angulatus) tissue data and quantitative dietary modelling
(Presser and Luoma, 2010).

The robuslt lines-of-evidence assessment revealed two key findings:

1. Selenium tissue concentrations observed in a key invertebrate receptor species (A. angulatus)
adjacent to the Site do not differ significantly from those observed in background areas over 11
km away, and,

2. Surface water concentrations of selenium associated with adverse effects in waters adjacent to
the Site range from 322 pg/L to 726 pg/L.
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This means that both the 99 percent species protection level of 9.3 pg/L and the 95" percent species
protection level of 31 pg/L generated through the SSD are protective to higher trophic levels and as a
site-specific imit, respectively. However, there are acknowledged uncertainties associated with this
lines-of-evidence assessment, specifically regarding parameterisation of the quantitative dietary model,
that preclude the adoption of the 95™ percent species protection level (31 pg/L) derived for Site
monitoring efforts at this time. Therefore, the 95¥ percentile background concentration of 10 pg/L will
be adopted as the interim EQG for the purpose of advancing the program noting that further
assessment could be required to address outstanding uncertainties and develop a reliable EQG that is
protective of receptors in Cockburn Sound.

Comparison to Other Existing Selenium Limits

USEPA updated its freshwater selenium EQG in 2016. The current guidelines only consider chronic
toxicity data due to the bioaccumulating nature of the metal. The criteria consider both water column
(1.2 pg/L and 3.1 pg/L for lentic and lotic systems respectively) and fish tissue-based criteria (considering
tissue concentrations by dry weight (dw)) but recommend that fish tissue toxicity data be given
precedence as it is a more direct measure of selenium bioaccumulation. Egg-ovary tissue (limit = 15.8
mg/kg dw) is additionally given precedence over whole body (8.0 mg/kg dw) or muscle tissue (11.3

mg/kg dw).

The ANZG EQG for freshwater selenium, 5 pg/1, was promulgated in 2000 (ANZECC & ARMCANZ, 2000)
and was set at the 99 percent LOP due to the bioaccumulating nature of selenium. No other published
guidelines for marine selenium toxicity were identified.

Conclusions

The available marine toxicity data for selenium was collated and analysed according to the current
guidelines (ANZG, 2018; Warne et al., 2018) for EQG derivation to derive a new moderate reliability
guideline. The current LRV for marine total selenium is 3 pg/L. Analysis of contemporised toxicity data
for marine selenium allowed for the derivation of EQGs at various LOPs. Guideline values for 99%, 95,
90™, 85™ and 80™ percent LOP are 9.3, 31, 53, 76 and 100 pg/1, respectively. To establish greater
confidence in the protectiveness of these derived EQGs for selenium, an additional lines-of-evidence
assessment was conducted to directly consider the bioaccumulation pathway in Cockburn Sound
(Attachment D; Attachment E). Due to the acknowledged uncertainties associated with this lines-of-
evidence assessment, the 95™ percent species protection level (31 pg/L) will not be used for Site
monitoring efforts at this time. Instead, the 95™ percentile background concentration of 10 pg/L will be
adopted as the interim EQG for the purpose of advancing the program noting that further assessment
could be required to address outstanding uncertainties and develop a reliable EQG that is protective of
receptors in Cockburn Sound.
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

[ Non-Plant Criteria Xarthikeyan et al., 2019 Karthikeyan et al., 2019 Nagarjuna et sl 2018 Nagarjuna et al, 2018
[ e A sy e Longipedia weber! Mysid Penaeus monodon and Pema wiidis | | Penoeus monodon and Peme iridis
1 [Was the duration of the exposure stated? Yes (10), No (0) yes, 96 h 10]yes, 36 h 10]yes, 56h 10jyes, 224 10{
2 '\Was the 2iological endpornt stated and defined? Yas (10), Stated only yes, stated mortslity not defined yos, statod mortality not cefined yes, stated mortality not defined ves, statec mortality not defined
(5], Neither (0)
5 5| s| s|
3 Was the dolcgical effect stated (for axample, LC or NOEC)? Yes (), No (0) fyes. LC S]yes, LC Slyes, LCSO Slyes, LOSC NCEC s]
a Was the oiological effect guantified (for example 50% effect, 25%  [Yas (5), No (0) yes, S0%. yas, S0% yes, S0% ves, NOEC/LOEC was quaified by SO
leffact), The effect for NOEC and LOEC ¢ata must be guantlfied,
5 5) 5] 5]
5 [Were appropriate controls (for example a no- toxicant control [Yes (S), No (0] yes, seawater no toxicant control yes, seawater no taxicant control yes, seawater no toxicart control yes, seawsater no toxcant contral
and/or solvent control | used? 5 5| 5 S|
6 [Was each control and chemical concentration at least duplicated?  [Yes (5), No (0) yes, 3x |yes, 3x |yes 3x Iyes, x
5 S| 5| s|
14 [Ware test acceptability critera stated or Inferred (for axample |Stated (5), Inferred yes, Infarred, methods state, "The s, Inferred, methods state, 'The yes, Inferred: method of Sprague yes, Infarred: method of Sprague
mortality in controls must not exceed a certaln percentage)? Data  |(2], Nelther (0) study followed standard guldelines l::udy followed standard guidelines (1971) and Stephan et al (198S), (1971) and Stephan et al, (1385).
that fail the scceptability criteria are sutomatically deems to be of |for cenduct of toxicity bioassays on for conduct of toxicity bicassays on Stephan =USEPA Stephan =USEPA
unacceptable quality and must not be used diatoms and copepads for achleving diatoms and copepeds for achieving
the objective of deriving toxicity the objective of deriving toxicity
val ues" values"
2| 2| 2| 2
3 Ware the characteristics of the test organism (for example length,  |Yes (%), Na (@) no, |wt "adunt” no, just “adult" yes, 11-144 age (P.monodon ); yes, 30- yes, 11-14d age (P.monodan ); yes, 30-
rmass, age) stated? 35 rmm length [P, viridis ) 35 mm length (A wridis )
0 0 5| 5]
3 [Was the type of test medis used stated? Yes (5), No (0) yes, filtered seawater lyes. filt=red seewater ch\ filt=red/UV seawater yes. filtered /UV seawater
S| 5 5 5
10 |Was the type of exposure (for example static, flow-through) stated? |Yes (4}, No (0] yes, though inferrad, static yes, though inferred, static yes, flow through yes, flow through
al 4| 4 4
11 Ware the contaminant concentrations measured at the beginiing  [Yes (4], Meszured yes, measurad beginning and end yes, measurad begnning and end lyes, scute massured ot 24 Rintervals yes, chronic 7d intervals
ard end of the exposure? Note: Normally, toxety data calculated  fonce (2), Not
uEINg naminal concentration #ata would not be used to derve GVs; |measured or statad
H , professional judgement can be wsed to indude such data, |{0]
provided 2 |ustification for their use is provided.
4 4 4 4
12 |Ware parallel reference toxdcity tesis cond d? IYes (4), No (0) no, Insufficient Information provided no, Insufficlent information provided {yes, Inferred, as USEFA methods yes, Infarred, as USEPA methods
{to infer if reference texicity tests to infer if reference toxicity tests wou'd require a reference toxicant would require 3 reference toxicant
were run. wers run,
0 of 2 2|
13 |Was there a concentration-response relationship sither obs=rvec or |Yes (4], No (0] yes, dose-respanss curves show a yes, doss-responss curves show a ]yes, coss and responss percent yes, dose and respanse percent
stated? cancentration respanse concentration respanse recovery (table L) show a toxicant recovety (table 2) show a toxicant
response relationship response relationship
R | Qt 4 |
14 Was an sppropriate statistical method or mode! usad to determine  |Yes (4), No (0) yes, Protit Analysis and Dunnet's yes, Probit fnalysis and Dunnet's yes, LCSO caleulated by Probit Analysis yes, NOEC/LOEC caleulated by ANCVA
[the toxicity? Note: They should be accepted by 5 recognised national methed method with 95% CL and Durnet's method
lor Internationa! reguiatory body {for example USEPA, DECD and
ASTM) 4 4| 4 4
15 [For LC/EC/NEC/BEC data, was an sstimate of varlabllity provided?  |Yes (4], No (0) yes, SO yes, 50 lyes, 5O no, SD was used as an estirmate of
For NOECAOEC/MDEC/MATC data, was the significance level 0.05 variability
lor less?
1 4| 4 o]
EHS ") Support
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

[ Non-Plant Criteria Xarthikeyan et al., 2019 Karthikeyan et al., 2019 Nagarjuna et sl 2018 Nagarjuna et al, 2018
[ e [ sy e Longipedia weber! Mysid Penaeus monodon and Pema wiidis | | Penoeus monodon and Peme iridis
16.1 [Was conductivity/salinity ed at least at the beginning and Measured and stated yes, measured and stated: 29 = L peu yes, meacured and stated: 29¢ § psu yes, measured and stated: 2652 0.3 yes, measured and stated: 20.52 0.3
lend of che toxicity test and velues stated? 3|, Measured only psu psu
nll. Nelther (0) 3l k]| 3| 3|
16.2 |Was dissolved oxygen measured at least at the beginning and end of [Measured and stated no no , DO measired and stated: 49 ¢ yes, DO measured and stated: 4.9 ¢
[the toxicity test and values stated? (3], Mensured anly DI:J.:WL JO.‘I me/L
(1, Neither (0} 0 3|
16.3 |Was conductivity measured at least at the beginning and end of the |Measured and stated no no no no
[toxicity test and values stated? (3], Measured only
1), Nelther (0} 0 o| 0| (|
16.5 |Was pH measured at least at the beginning and end of the toxiety  |Measured and stated ne, pH measurements not taken no. pH measurements not taken ves, pH measured and stated: 7.9 = ves, pH measured and stated: 7.9 =
test? (3], Measured only |U,7 0.7
(1), Naither (0) 0 0| 3 3
16.4 |Was dissolved organic carbon measured 2t least at the beginning  [Measured and stated (3), no, DOC measurements not taken no, DDC measurements not taken no, DOC measurements not taken no, DOC measurements not taken
ard end of the toxicity test? M easured only (1], Neither (0)
O 0 0] o]
17 |Was the temperature measured and stated? easured and stated (3), yes, measurad and stated: 24z 2C yes, measured and stated: 24 £ 2C [ves, temp measurad and steted: 25 ¢ yes, temnp measured and stated: 25 &
easured but not stated or 2C 2C
P xe of the room or
hamber was stated (1),
Neither (0] 3 3] 3| 3|
18 |Were test solutions, blanks and/or controls tested for cent jon|Yes (3), No (0) no, chemical grade not stated; 7/2 no, chemical grade not stated, F/2 no, chemical grade not stated no, cherrical grade not stated
lor were analytical reagent grade chemicals or the highest possible culture media was 35 prescribed by culture mediz was as prescribed by
purity chamicals used for the experiment? OFCD guidelines CECD guide ines
0 0 o} o]
[ Total Score 100 68} ER| 17
|Quality score s8] | 81 77
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Piant Criteria Brix et al., 2004 Brix of al., 2004 Brix ot al, 2004 Ward et al., 1981
[No.  |Question [ANZG scoring criteria P s 3 Sable
1 'Waz the duraton of the exposure stated? ['Yas (10), No (0) yes, 96h 10]yes, 96 IOL\M. 28d loues. 96h 10|
2 Was the biological endpolnt stated and definad? Yas (10), Stated only yes, stated not definec fyes, statod not defined yes, stated and defined yes, stated, not dafined
(5), Neither (C)
5 H| 10| 5
a \Was the biological effect stated |for example, LC or NOEC)? [ves (5], No (0} g, L, NOEC, LOEC Slyes, LC, NCEC, LOEC 5[yes, NCEC, LOEC Slyes, LC 5
Ul Was the blotogical effect quantifiad (for example 50% effect, 25%  |Yes (5], No (0} yes, 50% yes, S0% yes, NCEC/LDEC was qualifiad by CL yes, 50%
effect|. The effect for NOEC and LOEC data must be quantified.
5 5| 5] 5
S 'Were appropsiate controls {{or example a no- texicant centrol Yes (5], No (0} yes, GSL water no toaicant control fyes, GSL water no toxicant contro! yes, G5L water no toxicant control yes, seawater no toxicant control
and/or solvent control) used? 5 5 5| 5
6 Was each control and chemical concentration at least duplicated?  [Yes (5], No (0} yes, dx yes, dx yes, 16x yes, dx
S 5 5| 5
7 Wera tast acceptzbll ity criteria stated or Inferred (For exampla |stated (5), Infarred ves, Inforred: modeled on Brixatal, Iyas, Inferred: modeled on 8rixetal, yes, inferred followed methods by yes, Infarred: methods followad
mortality in controls must not exceed 3 certain peecentage)? Data  |(2), Neither (0] 2003, U.S. EPA, and European Union 2003, U.S. EPFA, and European Union the US. EPA and European Unlon USEPA “The Committee on Methods
that fail the acceptability criteria are automatcally deems to be of protocols protocels for Toxiclty Tesis with Aquatic
unacceptable quality and must not be used, Organisms" (1975)
2 2| 2| 2
153 \Were the characteristics of the test organism (far example langth,  [Yas (S|, No {0} yes, by age (<24 h) yes, oy age {8 weeks) yes, Survival at day 11, 21, 28, yes, 46 mm total length
mass, age) stated? atdays 11, 28, regroduttion
3t 21, 28, F1 Survival, and F1 Growth
S 5 3| 5
E] VWas the typs of test medis used stated? '=3 (5], No (0} ves, G5L water yes, GSL watzr yes, GSL water yes, filtered seawater
5 5 5 5
10 |Was the type of exposure (for example static, flow-through| stated? [Yas{4|, No {0} lyes, static yes, static yes, intermittent-flow through yes, intermittent-flow systerms
4 4 3 4
11 |Were the contaminant concentrations messured st the beginning  |Yes (4], Messured yes, mean massured test [yes, mesn measurad test yes, mean measured test \ves, measurad (>1 time| though
and end of the exposura? Note: Ncrmaly, toxcity dats cajculated  |onee (2), Not lconcentrations were B6 to 28% of concentraticns were 85 to 98% of concentrations were 79 10 126% of metheds/guantity for measurement
using nominal concantration data would not be used to derive GVs;, |measured or stated nominal with within-treatmant nominal with within-treatment inominal with within-treatment not axphatly stated
h , professional judgement can be used to include such dsta, [(0) coefficients of variation [varabliity coefficients of variation (variabllity coefficients of varation ranging from
provided a justification for thelr use s provided, over time) ranging from 10 to 1922, over Ume) ranging from 10 to 156, 11 to 20%.
4 4 3 4
12 véera garallel reference toxcant toxicity tests conducted? Yas (4], No {0} yes, Inferred, 35 USEPA methods fves, inferrad, as USEPA mathods yes, Inforred, as USEPA mathods yes, Infarrec, as USEFA methods
would reg lire 3 reference toxicant would require 3 reference todcant lwould recuire a referance toxicant would require 3 reference toxicant
2 2 2L 2
13 Was there a concentration-resporse refationship sither observed or [Yes (4], No (0} ves, ""well-defined yes. "weldefined yes. "well-defined na
staled? cancentration-response concentration-responss relationships lconcentration-rasponss
relationships were observed for all of were obsarved for all of the studies® relationships were ohserved for all of
the studies® 5 4{the studies" F 0
14 Was an appropnate statistical method or model used to determine  [Yes (4], No (0} yes, LC50s and 35%CL: Probit NOEC yes, LCS0s and 95%CL: Probit NOEC lyes, NCEC ang LOEC calcuiated in yes, LCS50 and CL: linear
ithe toxdcity? Note: Thay should be accepted by @ recognised national| and LOEC: Steel’s many-one rank and LOEC: Steel's many-one rank test accordance with procudured regression (Probit, Finney 1971)
or International regulatory body (for example USEPA, OECD and test described by the EU (15)
ASTM| 4 4 4] 4
15 |For LC/EC/NEC/BEC data, was an estimate of varlabllty provided? ‘a5 (4], No (0} yas, 5% CL [yes, 5% CL lyes, 95% L yes, LC with 95% CL
For NOEC/LOEC/MDEC/MATC data, was the significance leve! 0,05
or less?
4 4 4 4
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Piant Criteria Brix et al., 2004 Brix of al., 2004 Brix ot al, 2004 Ward et al., 1981
[No.  |Question [ANZG scoring criteria : ’ 3 Sabl
16.1 |Was conductivity/salinity measured at least at the beginning and Measured and stated yes, measured and stated: 80—-102 yes, measured and stated: 80-102 gfL yes, measured and stated: 80-102 yes, measured and stated: 30 ppt
end of the toxicity test and values stated? (3), Measured only e/l /L
(1), Naither (0] ;I E | 3
162 |Was disscived osygan measured at least at the beginning ane end of [Measured and stated yes, measured and stated: 18-60 lyes, measured and stated: 1.8-60 yes, measured and stated: 1.8-6.0 no
the toudeity test and values states? (3), Measured only
(L), Neither (0] 3| 3| 0
163 |Was conductivity measured a1 least 3t the beginning and erd of the |Measured and stated = no no no
toxicity test and values stated? {3), Measured only
(L), Neither (0) ol 0 0
16.5 |Was pH measured at least at the beginning and end of the toxicity  |Measured and stated ves, measured and stated: /.9-8.4 [ves, measured and stated; 7.9-8.4 ves, measured and stated: 7.9-8.4 no
test? (3), Measured only
(1), Neither (] 3 3| 0|
164 |Was dissolved organic carbon mezsured at |east at the beginning Measured and stated (3), yes, measured and stated: 34,810 yes, measured and stated. 34 8~40 yes, mezsured and stated: 34 8-40 no
and end of the toxicity test? Measured only (1), Neither (0] |mg/L mg/L me/L
3| 3] 0
17 Va5 the temperature measured and stated? Measured and stated (3), yes, measured and stated: 2521C [yes, measured and stated: 2532 1C yes, maasured and stated: 25= 1 C yes, measured and stated; 22=1C
NMeasured but not stated or
temparature of the rcomor
chamber was stated (1),
Nelther (0} 3 3| 3
18  |Were test solutions, blanks and/for controls tested for contamination [Yes (3], No {0} yes, reagent grade (95%] chemicaks yes, reagent grade [95%) chemicals yes, reagent grade (95%] chemicals no, purity of chemicals not stated
or were analytical reagent grade chemicals or the highest possible used used used
purity chernicals used for the sxperiment?
3 3| 3 0
Total Score 100 87 87} a2] 71
Quality score 87 87 a2 71
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

Non-Plant Criteria Ward et al., 1981 Ward et al.,, 1981 Ward et al., 1981 Ward et al., 1981
No. i [ANZ! i ; p A Son rhombold
G scoring criter
1 (Was the duration of the expocure stated? Yes (10), No [0) yes, 36h 10]yes, S6h 30&, 98k 10|yes, 96h 10|
2 'VWas the biological endpolnt stated and defined? Yes (10), Statec only fyes, stated, not definad fyes, stated, not defined , stated, not defined ves, stated, not definec
(5), Nerther (0]
s | s| 5
3 'Was the biological effect stated (for example, LC or NOEC)? Yes (5], No (0} lyes, LC Slyes, LT 8| LC Siyes, LC 5
[ 'was the biological effect quantifiad {for axample 50% effect, 25%  [Yes (5, No (0} fyas, 50% lyes, 50% @s, 50% yes, 50%
leffact]. The effect for NOEC and LCEC data must be quantified,
51 5) 5] 5
5 [Were appropriate cortrols {for example & no-toxicant contrel Yes (5], No (0} yes, seawater no toxicant corntrol yes, seeweater no toxicant control yes, seaweter no toxicant control yes, seawater no toxicant contral
and/or solvent control) used? 5| 5 5 5
6 \Was each control and chemical concentration at least duplicated?  [Yes (8], No (0} yes, 2x yes, 4x yes, 2x yes, dx
s 5| sI 5
7 'Ware tost accaptability cnteria stated or Inferrad |for example |Stated (5}, Infarred yes, inferred: methods followad @5, Inferred: methods followed yes, Inferred: methods followed yes, Infarred: methods followed
mortality In contrels must not excead a certain percentage)? Data  |(2), Neither (0] USEFA "The Committee on Methods USERA "The Committee on Methods USEFA "The Committee on Methods USEPA "The Committee on Methods
that fail the acceprabiiity criteria are automatically deems to be of {for Toxicity Tests with Aquatic for Toxicity Tests with Aquatic for Toxicity Tests with Aquatic for Toxicity Tests with Aquatic
unacceptable quality and must not be used Organisms” {1975) Crganisms™ {1975) Crganisms” (1975} Organisms" [1975)
2| 2} 2| 2
g IWaere the characteristics of the test organism (for example length,  [Yes (5], Ne (0} yes, 12-16 mm standard length yes, 42-57 mm rastrum-telson length yes, 813 mm carapace width yes, 55-73 mm standard length
mass, age) stated?
5i 5| 5 5
9 [Was the typs of test media used stated? Yes () No (0} yes, filt=red seawatsr , filtered seswater yes, filtered seawater yes. filtered seawater
5 5 5 5
10 |Was the type of exposurs {for example static, flow-through| stated? [Yes (¢}, No (0} yes, intermitient-flow systems Jyes, static yas, static yes, static
4 4 4 4
11 |Werethe Inant corce: icns measured at the beginning | Yes (4], Measured lyas, measured: methads/quantity for yes, maasured: methods/quantity for yes, measured: methods/quantity for yes, measurad: methods/quantity for
land 2nd of the exposura? Note: Normally, toxicity data calculsted  |oneca {2), Not measurement not explicitly stated Imeasurement not explicitly stated Imeasurement not explicitly stated meazure ment not explicitly stated
using neminal concentration dats would not be used to derive GVs; |measured or stated
however, professional judgement can be used to include such data, |(0)
provided @ justification for thelr use is provided.
4 4 4 4
1 'Wera parallel reference toxicant toxicity tests cond ucted? Yes (4], No (0} lyes, Inferred, as USEPA methods yes, Inferred, as USEFA methods yes, Inferred, as USEFA methods yes, Inferred, as USEPA methods
lwould require 3 reference toxicant would require 3 reference tonicant would require 3 reference toxicant would require 3 reference toxicant
2 2| 2 2
13 'Was there 2 concentrationwesponse relationship either cbsarved ar |Yes (4}, No (0) no no no no
s tatad?
0 0 0] 0
14 IVWWas an appropriate statistical method of model used to determine  |Yes (4], No (0} lyes, LCS0 and CL: linear yes, LCS0 and CL: linear yes, LCSU end CL: linear yes, LCSO and CL: linear
the toxcity? Note: They should be accaptad by @ recognised national regression (Protit, Finmay 1971) regression (Probit, Finmey 1971) [regression (Probit Finney 1971) regression (Probit. Finney 1971)
or intarnational reguatory body (for amele USEPA, OECD and
ASTM | 4 4| 4 4|
15 |For LC/EC/NEC/SEC data, was an estimate of variabliity provided?  [Yes (4], No (0} [yes, LC with 95% CL yes, LC whi 5% CL yos, LC with 95% CL yes, L.C with 95% CL
For NOEC/LOEC/MDEC/MATC data, was the significance leve| 0.0%
lor less?
4 4 4 4|
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

[ Non-Plant Critetia Ward et al., 1981 Ward et al,, 1981 Ward et al_, 1981 Ward et al., 1981
No. IANZG scoring criteria . " A fon rbombold
16.1 |Was conductivity/salinity measurad at Jeast at the beginning and Measured and stated lyes, measured and stated: 30 ppt yes, measured and stated: 30 ppt yes, measured and stated: 30 ppt yes, measured and stated: 30 ppt
lend of the toxicity test and values statad? (3§, Measured only
(1), Neither (0] 3 3 3| 3|
162 |Was dissolved oxygen measured at ieast at the beginning and end of |[M d and stoted no no no no
the towcity test and values stated? (3), Measured only
(1), Nether (0] o| of of ol
16.3 |Was conductivity measurad at least at the beginning and end of the |Measufed and stated no no no no
toxicity test and values stated? (3), Measured only
(1), Nether (0] of 0 ol 0|
16.5 [Was pH measurad at Jeast at the beginning and end of the toxicty  |Measured and stated no no no no
test? (3), Measured enly
(1), Nerther (0] 0| o} of 0|
164 |Was dissolved organk carbon measured at least at the baginning Measured and stated (3), no no no no
land end of the toxicity test? Measured only (1), Neither (0}
0] 0 0 0|
17 Yas the temperature measured ang stated? Measured and stated (3}, lyes, measured and stated: 222 1C yes, maasured and statec: 22 1C lyes, measured and stated: 22 1C \yes, measured and smted: 22:1C
Measured but not stated or
temperature of the reom or
chamber was stated [1),
Nelther (0) 3| 3| 3| 3
18 |Were test solutions, blanks and/or controls tested for contamination|Yes (3}, No (0} no, purity of chemicals not stated no, purity of chemicals not stated no, purity of chemicals not stated no, purity of chemicals not stated
or were analytica| reagent grade chemicals or the hghest possible
purity chemicals used for the experiment?
of of of
Score 100 71 7 71
Quality score 71 71 71 71
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

Non-Plant Critetia Ward et al., 1381 Ward et al., 1381 Forsythe ot al., 1934 Glickstein, 1978
No. [ANZG scoring criteria Bohio . G - pra
1 [Wae the duration of the exposure stated? Yes (10), No [0) yes, 17d 10]yes, 18.2¢d 3o|_m, sk ves, 4A8h 10|
2 'VWas the biological endpolnt stated and defined? Yes (10), Statec only {stated and cefinad: "embryo ceath stated, not defined |stated, not defined ves, abnormal development defined
(5), Neither (0] lwas an opaque, white, fungal growth as “failure ta reach 3 straight hinged,
land for the larvae, 3 white coloration “D"-shaped veliger®
jof the trunk musculature (Schimmel
1974} 10| 5| 5| 10)
3 'Was the biological effect stated (for example, LC or NOEC)? Yes (5], No (0} lyas, MATC Slyes, MATC 8| LC 51!-;. £C 5
q 'Was the biological effect quantified {for axample 50% effect, 25%  |Yes (5], No (0} lyas, peC.05 lyes, 0<0.05 as, S0% ves, 50%
leffact]. The effect for NOEC and LCEC data must be quantified,
5] 5) 5| 5
5 [Were appropriate cortrols {for example & no-toxicant contrel Yes (5], No (0} yes, seawater no toxicant corntrol yes, seeweater no toxicant control yes, seawater no toxicant yes, seawater no toxicent
and/or solvent control) used? 5| 5 5 5
6 \Was each control and chemical concentration at least duplicated?  [Yes (8], No (0} fyes, 2x (Schimme| 1974) yes, 2x (Ward 1381h) yes, dx yes. 3x
s 5| s| 5
7 'Ware tost accaptability cnteria stated or Inferrad |for example |Stated (5}, Infarred yes, inferred: methods followad lvcs, Inferred: methods followed Im, Inferred, methods refarence yes, iInferred, mathods follow Woelke
mortality In contrels must not excead a certain percentage)? Data  |(2), Neither (0] USEFA "The Committee on Methods USERA "The Committee on Methods acceptable criteria Warner et al. {1972) WA Department of Fisheries
that fail the acceprabiiity criteria are automatically deems to be of {for Toxiclty Tests with Aquatic for Toxicity Tests with Aquatic (1979) Report
unacceptable quality and must ot be used Organisms” {1975) Organisms™ {1975)
2| 2} 2| 2
g IWaere the characteristics of the test organism (for example length,  [Yes (5], Ne (0} [yes, 2mm length yes, CRRs Marvested and fertiiized In yes, less than 24h old farvae yes, fertilized eggs 48h
mase, age) stated? lab
5i 5| 5 5
9 IWas the type of test media used stated? Yes (5], N (0} yes, filtered seawatsr , filtered seawater yes, two types: low and high sulfats yes, filtered seawater
5 50,05 and 14 mg/I 5 5
10 |Was the type of exposurs {for example static, flow-through| stated? [Yes (¢}, No (0} yes, intermitient-flow systems Jyes, intermittent-flow systems Iyes, static inferred from method yes, static inferred from method
idescription (petrl dishes on shaker) description
4 4 4 4
11 [Werethe Inant corce ions measured ot the beginning | Yas (4], Measured yas, concentrations in test and yes, "water :amples were takan at yes, measured: beginning anc end yes, measured 31omic sborption
land 2nd of the exposura? Note: Normally, toxicity data calculsted  |oneca {2), Not jcontrol water were detenmined the stertand end of cthe testsand (Spactropactometry) spectrophotometry
using neminal concentration dats would not be used to derive GVs; |measured or stated (weakly by gas chromatograph |analyzed quantitatively for the
however, professional judgement can be used to include such data, |(0) (Schimmel 1974), chermical of Interest (Ward, 1581b)*
provided @ justification for thelr use is provided.
4 4 4 4
1 'Wera parallel reference toxicant toxicity tests cond ucted? Yes (4], No (0} lyes, Inferred, as USEPA methods yes, Inferred, as USEFA methods no yes, Inferred, as USEFA methods
lwould require 3 reference toxicant would require 3 reference tonicant would require a reference toxicant
2 2| 2
13 'Was there 2 concentrationwesponse relationship either cbsarved ar |Yes (4}, No (0) lyes, concentration response yes, cancentraton response lym, concerntration responss yes; concentration response
s tatad? jobservable bn Table 2 by changs In % bservable in Table 2 by change In % Dbservable in Table 3 by change In % observable (0 Table 2 by change n %
survival compared to toxicant survivel compared to toxicant mortality compared to concentration mortzlity compared to concentration
lconcentration glconcentration gloiSe glof Se 4]
14 |Wasan appropriate statistical method or model used to determine  |Yes (4], Ne (0) lyes, ANCVA, Williams {1571) or yes, ANOVA, Willlams {1571) or 'wa LCS0s: Probitand Spesrman- yes, Student-Newman-Keuls Multipie
the toxcity? Note: They should be accaptad by @ recognised national Dunnett's { 1980) Dunnett's [1960) Karber trim methods Developmeantal Rarge Test (Sokal and Rohif, 1965)
or intarnational reguatory body (for amele USEPA, OECD and BEsavs: IWo-way ANOYAs
ASTM | 4 4| 4 4|
15 |For LC/EC/NEC/SEC data, was an estimate of variabliity provided?  [Yes (4], No (0} [yes, p<0.05 yes, p<0.05 no yes, 2 1SD
For NOEC/LOEC/MDEC/MATC data, was the significance leve| 0.0%
lor less?
4 4 o 4
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Plant Critetia Ward et al., 1981 Ward et al., 1981 Forsythe ot al., 1994 Glickstein, 1978
No. IANZG scoring criteria Sohlo . e R pra
16.1 |Was conductivity/salinity measurad at jeast at the beginning and Measured and stated yes, measured and stated: 26 £ 2% yes, measured and stated: 27 = 2% yes, stated and messured at yes, measured and stated: 33.79 2
lend of the toxicity test and values stated? (3§, Measured only beginning only: 36.292 ppt 0.073%¢
(1), Nether (0] 3 3 3| 3|
162 |Was dissolved oxygen measured at ieast at the beginning and end of |M d and stoted no no no yes. measured and stated: 6.5to 80
[the towcity test and values stated? (3), Mesasured only me/l
(1), Nerther (0] of 0| 0) 3
16.3 |Was conductivity measurad at least at the beginning and end of the |Measuted and stated no no no no
toxicity test and values stated? (3), Measured only
(1), Neither (0] of 0 |
16.5 [Was pH measurad at Jeast at the beginning and end of the toxicty  |Measured and stated no no no ves, measured and stated: 8.1 0.2
test? (3), Measured enly
(1), Nerther (0] 0| o} 3
164 |Wasdissolved organk carbon measured at least at the baginning Measured and stated (3), no no no no
land end of the toxicity test? Measured only (1), Neither (0}
9| 9|
17 |Wasthe temperature megsured ang stated? Measured and stated (3], lyes, measured and stated; 232 1C es, maasured and stated: 29z 1C lyes, measured and stated: 25=1C yes, measured and stated: 20z 1 C
Measured but not stated or
temperature of the reom or
chamber was stated [1),
Nelther (0) 3| 3| 3 3
18 |Were test solutions, blanks and/or controls tested for contamination|Yes (3}, No (0} no, purity of chemicals not stated no, purity of chemicals not statad no, purity of chemnicals not stated yes, analytical grade reagents
or were analytica| reagent grade chemicals or the hghest possible
purity chemicals used for the experiment?
9| of of 3|
Score 100 80| iz = )
Quality score 20| 75| | 9|
EHS " ) Support
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Plant Criteria Glickstein, 1978 Nelson et al., 1988 Nelson et al, 1988 Martin et al., 1981
No. [Question [ANZG scoring criteria SRt PESEER — S
1 \Was the duration of the exposure stated? |Yes (10), No (0) yes, 48 and 96h 10|yes, 964 yes, 96h 10|ves, S&h 10|
2 Vas the biological endgoint stated and defned? Yos (10), Stated only yes, stated and defined "ogaque, non- istated, nct definec stated, not definad yes, stated and definad as "Lanvae
(S}, Naither (0) motlle iIndNvidual was the eriterion for which falied 1o transtarm to the
@ Jethal response™ shelled, hinged '’ shaped vellger
constituted the 'abnormal’ criterion”
10 5 10
3 \Was the biological effect stated (for example, LC or NOEC)? Yes (5], No (0] fyes, L€ Slyes, LT yes, LC 5|yes, EC 5
Ll Was the biclogical effect guantifiad (for exampie 50% effect, 25%  |Yes (5], No (0] yes, S0% yas, 50% yes, 50% yes, S0%
effact). The effect for NOEC and LOEC data must be quantifed.
5 5 5
5 \Were approgrigte controls (foc exampie a ro- toxicant contral IYes (5], No (@) es, seawater no toxicant yes, control not defined yes, control not defined yes, contrel not defined
and/or scivent control) used? IV 5| 5 5i
6 Was each control and chemica| concentration at least duplicated?  |Yes (5], No {0} Iya, Ax yes, 3x yes, 2x yes, 3x
5 | 5 S
7 \Ware test accaptabllity criteria statad or inferrad (for sxample [stated (5), Infarred o5, Infarred, methods follow Woalke no othar method reforencad no cthar methed referenced vas; Inferred
mortality in contrels must not exceed a certaln percentage)? Data  |(2), Neither (0) F1972) WA Department of Eisheries
that fail the scceptability criteria are automatically deems to be of Report
unacceptable quality and must not be used.
2 g -2
8 Were the characteristics of the test organism (For axample kength,  |Yes (5], No (0] es, 20ea within 12h of release from yes, 21.2 mm shef helght [range 17.3 yes, 15,9 mm length (rRnge £.8-20.0 vas, farve by age 3-5 weeks
macs, age) stated? egy membrane 24.5 mm) mm)
5 5 5
9 VWas the typs of test medis used stated? Yes (5], No (0] 3, filtered seawater yes, filtered seawater yes, filtered s=awater ves, fitered and UV treated seawater
5 5 5
10 |Was the typs of exposurs (for examole static, flow-through) stated? [Yes (4] No (0} es, static inferred from method yes, static yes, static yes, stat’c
description
4| 4 4
11 |Were the contaminant concentrations measured at the beginning  [Y2s (4], Measures I::. measured atomic sbsorpton no, contaminant no, contaminsnt measuremants yes, messured once not stated
and end of the exposure? Note: Normally, toxicity cata cakulates  |once (2), Not cIrophotometry measurements/nonvnal amount not nominal amount not stated
using nominal concentration data would nat be used to deriva GVs; |measured or stated stated
however, professional judgement can be used to include such data, |(0)
provided o justification for thelr Lse i provided.
4 0 4
12 |Were parallel reference toxcant toxcity tests conducted? Yes (4], No (0} V“‘ Inferred, as USEFA methods no guiding methodology referenced, no guid ng mathcdology referenced, no gulding methodclogy referenced,
\would require a reference toxicant [cannot determine if referance cannct determine If reference cannot determing if reference
Lo testing was conducted toxicant testing was conducted toxicant testing was conducted
2 0 0|
13 (Was there a concentrationsresponse relationship either abssrved or [Yes (3), No (0] yes, concentration responss no table/figurs/prose to determine no table/figure/prose ta determine no table figure/prose to determine
stated? observable In Table 3 by chengs in % concentration-response concentration-resporse concentration-response
mortzlity compared to concentration
of Se 4 0 0
14 Was an aporopriate statatical method o model used to determine  |Yes (4], No (0] es, Student-Nawman-Xauls Mulople yes, LCSO and 955 CL: Litentield and yes, LCSO and 955 CL: Litchfield and yes, LC50s and ECS0s based on
|the toxicty? Note: They should be accapted by a recognised national ange Test (Sokal and Rohif, 1963) Wilcoxon (1949) Wilcoxon (1949) woalke (1972}, using probit analysis
or international regulatory body (for example USEPA, OECD and |Finney, 1971)
ASTM| 4 4 4 4
15 For LC/EC/NEC/BEC dats, was an astimate of varlabliity provided?  [Yes (4], No (0] yes, £ 150 yes, 85 Q. yes, 95 CL yes, 85% CL
For NOEC/LOEC/MDEC/MATC data, was the significance level 0.05
o less?
4 4 4|

EHS

) Support
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Plant Criteria Glickstein, 1978 Nelson et al., 1988 Nelson et al, 1988 Martin et al., 1981
No. Ptlnnhn [ANZG scoring criteria SRt PESEER — S
16.L  |Was conductivity/salinity measured at least at the beginning and Measured and stated yes, measured and stated: 33,79 = yes, measured and stoted: 25 = 2% yes, measured and stated: 252 2% yes, measured and stated: 33.79 ¢
end of the toxicity test and values stated? (3}, Measured only 0.07% 0.07%
(2}, Neither (0] 3 3 E| 3
162 |Was dissolved oxygen measured at least at the beginning and end of |Measired and stated lyes, measured and stated: 6.5t0 80 no no yes, measured and stated: 65to 80
Jthe toxicity tast and values stated? (3}, Measured only mg/lL me/L
(1), Nesther (0) 3 ] 0 3
16 3 |Was conductivity measured at leas: at the begining and end of the |Measuted and stated no no no no
toxicity test and values stated? (3), Measured anly
(3), Nither (0] 0 0 0 0
16.5 |Was pH measured at least at the beginning and end of the toxicity  |Measured and stated yes, measured and stated:8.1 £ 0.2 yes, measured ard stated: 6.9-7.5 ves, measured and stated: 6,9-7.5 ves, measured and stated: 81 £0.2
ftest? (3}, Measured only
(1}, Nerther (0) 3 3| 3 3|
164 |Was dissolved organic carbon measured at least at the beginning Measured and stated (3), no no no no
and end of the toxicity test? Measured only {1}, Neither (0)
Q) 0| 0 0|
17 |Wasthe temperature measured and stated? Measured and stated (3}, yes, measured and stated: 15 1C yes, measured and stated: 20 = 2°C yes, measured and stated: 202 2°C yes, measured and stated: 20 % 1C
Measured but not stated or
temperature of the room or
cha mber was stated {1),
Nelther (0} 3 3! 3 3|
18 |Were test solutions, blanks andfor controls tested for contamination|Yes (3], No (0] fyes, analytical grade reagents no, chemical grade not stated no, chemical grade not stated yes, analytical grade {99%),
or were analyucal reagent grade chemicals or the highest possible background concentrations of trace
purity chemicals used for the experiment? matals measured at the baginning of
3 of 0| =xpariment 3
[ Total Score 100 89 66| 5 3|
Quality score a9| 66 6] g3
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Table C1

“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Plant Criteria Martin et al., 1281 Martin et al., 1981
Wk | Question IANZG scoring criteda Mytitus edulls Concer mogister
i \Was the duration of the exposure stated? Yes [10), No (0) yes, 96h 10]yes, 96h 10
rd Was the biological endpoint stated and defined? Yes (10), Stated only vas, stated and defined 35 "Larvae ves, statad and defined a5 "an
(5], Nelther [0) whieh faliad to transform to the opaque, non-matiie Individual®
|zhelled, hinged ‘D' shapad veliger
constituted the ‘abnormal' criterion®
10 10|
3 Was the biological effect stated (for examoe, LC or NOEC)? Yeas (5), No (0) yes, EC 5{yes, EC |
a Was the biological effect quantifiec (for example 50% effect, 25%  |Yas [3), No (0) ves, SO0% ves, 50%
affect), The effect for NOEC and LOEC data must be quantified,
5 5
5 \Were appropriate controls {for example a no-toxicant control Yes [5), No (0) yes, control not defined yes, control not defined
and/or solvent control) used? 5 5
6 Was each control and chemical concentration at east duplicatad?  |Yes (5), No (D) ves, 3x yes, 3x
S| S
4 Were test scceptability critoria stated or Inferred (for example [Stated (5), Inferred yes, Inferrad ves, Inferrad
mortality In controls must not exceed a centain percentage? Dats  |(2), Nelther [0)
that fail the scczptability criteria are automatically deems to be of
unacceptable quality and must not be uwsed.
2 2|
£ Ware the chaacteristics of the test organism [for example lengeh,  [Yes [5), Ne (0) yas, embryos by age 48 h yes, 2083 12h
mass, age) stated?
5 5]
o Was the type of t=st media used stated? Yes (54 No (0) ves, filtered and UV treated seawatsr yes, filtered and UV trested seawatsr
5 5
10 |was the type of exposure {for example statle, flow-through) stated? fYes (&), No (D) yes, static yes, static
4 4
11 |Were the contaminant concentrations messured ot the taginning  [Yes [4), Measurad yes, messured once not stated ye3, measured orcs not stated
and end of the exposure? Note: Normally, toxicity deta calculatad  Jorce [2), Not
using neminal concantration data would not be used to derive GVs; |measured or stated
h . prefessional judgement can be wsed & Include such data, |0
provided a justification for thelr us ic provided.
4 4
12 |were parallel reference toxicant toxiclty tests conducted? Yes [4), No (0) no gulding methcdology referenced, no guiding methodology referenced,
cannot determine if reference carinet determine If reference
toxicant vestirg was conducted toxjcant testing was conducted
0 o|
13 |Wastherea rtrati P laticnship either observed or |Yes (&), No (0) no table/figure/prose to determine ria table/figure/prose to determine
slated? corcentrationresporse corcentrationsesponse
0 0}
14 |Waseanepprogriate statietical methed or model usad to determine  [Yes [4), No (0) yes, LCS0s and ECS0s based on yes, LCS0s ang ECS0¢ based on
the toxicity? Note: They should be accepted by a recognised nauonal |Woelke (1972), using probit analysis woelka (1972), using probit analysls
or internationa! regulatory body {for example USERA, OECD and (Finney, 1571} (Finney, 1571)
ASTM) 4 4]
15 |For LC/EC/NEC/BEC data, was an estimate of varlability provided?  [Yes (&), No (0) yes, 95% CL yes, 95% CL
For NOEC/LOEC/MDEC/MATE data, was the significance level 0,05
or less?
4 4
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Table C1
“Non-Plant” Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG ldentification and Derivation for Low Reliability Values of Select Metals in Cockbum Sound
Alcoa Kwinana Refinery - Kwinana, Western Australla

| Non-Plant Criteria Martin et al., 1281 Martin et al., 1981
Wh Question ANZG scoring criteria Avoes edille i
1681 |Was conductivity/ealinity measured at least at the beginning arnd Measured and stated yes, measured and stated: 33.78= yes, measured and stated: 33.79 =
e nd of the toxitity test and values stated? (3), Measured only 0.07% 0.07%
(1), Neither [C) a} 3
162 |Was dissolved oxygen measured at least at the beginning and end of |[Measured and stated yes, measured and stated: 5.5 to 8.0 yes, measured and stated: 6,5t0 8.0
the toxicity test and valuss statad? (3), Measured only me/L mg/l
(1], Neither [0) ES a|
183 |Was conductivity measured at least at the beginning and end of the |Measured and stated ne no
toweity test and values stated? (3), Measured only
(1), Nelther [0) o
165 |Was pH measured at least at the beginning and end of the toxicity  |Measured and stated ves, measured and stated: 81202 ves, messured and stated: 812 0.2
[test? (3], Messured only
(1], Nelther [0} 3 3
16.4 |Was dissolved organic carbon measured at least at the beginning  [Measured and stated (3), no no
and end of the toxicity test? Measured only (1), Neither {0)
0 0}
17 |Wasthe temperature measured snd statad? Measured ond stated (3), yes, measured and stated: 20= 1C yes, measurad and stated: 20 = 1
l::l:und but not stated or
erature of the room or
hamber was stated (1),
18 |Were test solutions, blanks and/or controls tested for contamination|Yes [3), No (0) yes, analytical grade (99%), yes, analytical grade (99%),
or were analytical reagent grade chenvecals or the highest possible |background concentrations of trace backgroune concentrations of trace
purity chemicals used for the sxperiment? metals measured at the beginning of metals measured at the beginning of
=xperimant 4lexperiment 3|
[Total Score 100 &3] 83|
Quality score a3} 83|

12013



Notes:
ANOVA = analysis of variance
ASTM = American Society for Testing and Materials
C = degrees Celcius
CL = confidence limits
d =days
DOC = dissolved organic carbon
EC = effect concentration
EU = European Union
g/L = grams per litre
GSL = Great Salt Lake
h = hours
IC = inhibitory concentration
LC = lethal concentration
LOEC = lowest observed effect concentration
MATC = maximum acceptable toxicant concentration
mg/| = milligrams per litre
mm = millimeters
NOEC = no effect concentration
OECD = Organisation for Economic Co-operation and Development
ppt = parts per thousand
psu = practical salinity unit
SD = standard deviation
temp = temperature
USEPA = United States Environmental Protection Agency
UV = ultraviolet

EHS Support

Table C1 Notes
“Non-Plant" Selenium Toxicity Data included in SSD Analysis and Quality Scoring
EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia
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Table 2

Plant Selenium Toxicity Data induded in $5D Analysis and Quality Scoring

EQG Identification and Derivation for Low Rellability Values of Select Metals In Cockburn Sound

Alcoa Kwinana Refinery - Kwinana, Western Australla

| Plant Criterla Karthikeyan et al, 2019 Karthikeyan et al, 2019 Brix et al, 2004 Brix et al., 2004
No. |Question [ANZG scoring criteria Dontelfo mobiliensis Skels costatum Dunafiella viridis - acute Dunaiichia viridis - chronic
1 |Was the duration of the exposure stated? Yes [10), No (0) yes, 96 h 10)ves, 96 h s, 95h 10]yes, 96h 10
2 Was the biologics | endpaint stated and defined? [Yes [10), Stated cnly yus, growth rate j-voa. growth rate l?:s. stated not defined yes, stated not defined
151, Netther (o] 1 1 5 5
3 \Was the biologica | effect stated (for example, LC or NOEC)? Yas [5), No {0} yes, IC S)yes, IC Slyes, EC, NOEC, LOEC S{yes, NOEC, LOEC 5
a \Was the blologics | effect quantified [for axample S50 effect, 25%  [Yet (5), Ne (0} yes, S0% yes, 50% ws, 50% [yes, NOEC/LOEC was qualified by CL
effect). The effect ior NOEC and LOEC data must be quantified.
5| 5 3 5
5 Were appropriste controls {for exarmple s no- toxicant control [Yes [5), No (0} yes, seawater no towicant control yes, seaweter no toxicant control yes, G5L water ro togcant control yes, GSLwater no taxicant control
[and/or solvent control) used? 5 5§ 5 5
16 |Was cach control and chemical ation at least duplicated?  [Yes [5), No (0) yrs, 3x Iwn dx yes, 4x yes, 4%
35 5 3 5
7 \Vere test acceptablity criteria stated or Inferred {for example |stated {5, Inferrec yes, mfarred, mathods state, “The study ves, Inferrad, methods state, “The study yes, Inferred: modeled on Bnx 2t al,, 2003 ves, inferred: modelad on Brix et al.,, 2003,
martality In controls must not excead a certaln percentage)? Daca  |(2], Neither (0] followed standard gudelines for conduct followed standard guidalines for conduct U.S. EPA, and European Union protocols U.S. EPA, and European Union protocols
{that fail the acceptabllity eriteria are auteenatically deems to be of of 1ouicity bicassays on diatoms and of toxicity bioassays on diatoms and
unacceptable quality and must not be used. copepads for achieving the objective of G ds for achieving the objective of
deriving towicity values” derving toxcity values”
2| 2] 2 2
8 Were the characteristics of the test arganism (for example length,  [Yes [5), No (0} yes, croated linear growth rate yos, created linese growth rate yes. log-phase growth yes, log-phase growth
mass, age) stated? 5 5 5 5
2 \Was the type of Lest media used stated? [Yes [5), No (0} yes, ilered/UV seawste anrched with yes, filtered/UV seawater enriched with yes, GSL water yes, GSL water
F(2 medis 5|F/2 media 5| 5 5
10 |Was the type of exposure (for examale static, flow-through| stated? [Yes (4). No (0} yes, though inferred, static yes though inferred, static lyes, static lyes, static
4 4 4 A
11 |Ware the contaminant corcontrations measured at the beginning  [Yas (1), Medsured yes, messured beginning snd and yes, massured beginning and and fyes, moan measured tast concentrations yos, "In the chronlc O, virldis study, mean
and end of the exposurs? Note: Normally, toxicity data caiculated  jonce (2}, Not wers 86 to 98% of nominal with within- messurad test concentrations were 67 ta
using nomina’ concentration data would nct e used to derive GVs; |measured or stated coefficients of varlztion 70% of nominz| with within-treatment
hawever, professional judgement can be used to includs such data, [(0] (veriability over time) ranging from 10 to coefficents of variation ranging from 4 to
provides o justification for their wse is provided, 19%. 7%,
4 4] 4 &
12 |Were parallel reference toxicant toxicity tests conducted? Yes (4), No (0} na, insuffident information provided ta no, insufficient information provided to yws, irferrod, as USEPA methods would yes, inferred, as USEPA methods would
infer d reference tomcity tests were run, infer if reference toxicity tests were run require a reference toxicant require a reference toocant
ol 0} 7 2
13 |Wastherea i P relationship either observed or [Yes [4), No {0} yes, dose-response curves show a yes, dose-response curves show a yes "well<dafined yes. "wall-defined concentration—response
{stated? concontration response concentration response concentration—response refationships relationships were observed for ol of the
wera obsarved for all of the studies” stucies”
4 4| A A
14 |\Wasan appropriate statisocal method ar model used to determine [Yes (4), No (0) yes, Protit Analysis and Dunnet's method [yes, Probit Analysis and Dunnet's methad yes LC505 and 95%CL: Probit NOEC and ves, LCS0s and 25%CL: Probit NOEC and
[tha toxicity? Nota: They showd be accepted by 3 racognised LOEC: Stael’s many-ona rank test LOEC: Steel's many-one rank tast
national orinternational regulatary body {for example USEPA, OECD
jard ASTM) 4 3 L 4
15 |For LGJEC/NEC/BEC data, was an estimate of variab Bty provided?  [Yes [4), No (0} yes, SD yes, SD yes, 95% CL yes, 95% CL
For NOEC/LOEC/MDEC/MATC data, was the significance level 0.05
or less?
4 4 4 4
161 |Was conductivityfealinity measured at l=ast &t the beginning and Measured and statad yes, measured and stated: 2934 1 psu yes, measured and stated: 29 £ 1 psu yes. measured and stated: 80102 g/l yes, measured and stated: 80-102 g/L
end of the toxicity baet and values stated? (3], Measurad only
(3], Neither (0] 3l k|| E] 3
16.2 |Was pH measurad at least at the beginning and end of the taxicity  |Measured and stated ny no yes, messured and stated: 7.9-84 yas, measured and stated: 7.9-8.4
test? (3], Measurad only
(1), Neither (0] of of Ell 3
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Table 2
Plant Selenium Toxicity Data induded in $5D Analysis and Quality Scoring
EQG Identification and Derivation for Low Rellability Values of Select Metals In Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Austraila

| Plant Criterls Karthikeyan et al., 2019 Karthikeyan et al, 2019 Brix et al, 2004 Brix et al., 2004
No. |ANZG scoring criteria Dontrifo mobilicnsis Skel costaty Dunaliella viridis - acute Dunaiichla viridls - chron’
163 |Was dissolved organic carbon measured at least at the beginning  |Measured and stated {3), Measured (o no 5, measured and stated: 34.6-40 m/L ves, measured and stated: 34.8-10 ma/L
land end of the toxiclty test? ondy (1), Neither (D) | Or‘ 3 3
17 |Wac the temperature measured and stated? |Measured and stated (3), Measured but [yes, measures and stated: 2022 C yes, measured and stated: 24 £2C yes, measured and stated 25+ 1C yes, measured and stated: 2521 C
noL stated or tem perature of the room
or chamber was stated (1), Neither (0)
3| 3] 3| 3
18 |Were test solutions, blanks and/or controls tested for Yes (3), No (0} o, chamical grads not stated; F/2 culture no, chemical grade not stated; F/2 culture yes, reagent grade (85%) chemicals used yes, raagent grade (95%) chemicals used
contamination or were analytical reagent grade chemicals or the media was as prescribed by OECD rmedia was &s prascribed by OECD
|highest peasibie purity chemicals used for the experiment? guidelines puidelines
of Ell 3
otal Score 194 28| 78] 84] fiad
|Quakty score | 83| 83 =) £9)
Notes:
C = dagress Caleius

1 = confidence limits.

FC = oATaer conemniration

WL = gams per litre

OSL = Grest So't Lake

h=hours

IC=inhibstory concantration

LOEC = lewest observed affect cancentration

NOEC = no effect concentration

OFC0 = Urganisation for Ecomomic Co-operation and Devwlopraent
s » praciical satinity wnic

SO = standacd deviaton

US EPA « Unated Staes Emdronmental Procection Agency
UV = uitravialet

EHS ) Support
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Table C3
Selenium Toxicity Data Included in SSD
EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Plwyia Scientific Name Common Name Life Stage Relevant Endpoints Duration | Duration Unit Chronic Value Approach Toxiclty Moasure (ug/L) | Notes Citation

crustacean [Artemia franciscano brine shrimp larvae reproduction — parental day 28 28{d Reported Chronic NOEC 15000|c Brix et al., 2004
|Artemia spp. brine shrimp |larvae survival 9%|h ACR Converted Acute LCS50 517|a Forsythe et al., 1994
Collinectes sopidus blue crabs juvenile survival 96{h ACR Converted Acute LCS0 368 Ward et al,, 1981
Concer magister dungeness crab larvae survival 48ih ACR Converted Acute LCSO 90(b Glickstein, 1978
Longigedio weberl copepod adult grawth, survival 96{h ACR Converted Acute LC50 84[ Karthikeyan et al.,, 2019
Mysid mysid shrimp adult ]!:Mh, survival 95(h ACR Converted Acute LCS0 | Karthikeyan et al., 2019
Mysidapsis bahia mysid shrimp |subadult survival, growth, reproduction 17{d Reported Chronic NOEC 140{c Ward et al, 1981
Penaeus oztocus brown shrimp |subacult survival 96ih ACR Converted Acute LCSO 104 Ward et al,, 1981
Penaeus monodon ﬁi&nt tiger shrimp post larvae  |survival 21|d Reported Chronic NOEC 80[c Nagarjuna et al., 2018

diatom Odontello mobiliensis diatom NA owth 961h Reported Chronic NOEC 1170 Karthikeyan et al., 2019
|Skeletonemo costatumn  [dlatom [NA growth 96{h Reported Chronic NOEC 540 Karthikeyan et al., 2018

fish Cyprinodon variogatus  |sheepshead minnow l}uvemle survival, growth, reproduction 18{d Reported Chronic NOEC 470|c Ward et al,, 1981
Logodon rhamboldes pinfish [subadulr survival 96(h ACR Converted Acute LC50 401 Ward et al., 1981

plant Dunalielio virldls hypersaline alga NA growth, survival 28|d Reported Chronic NOEC 11000 Brix et al., 2004

insect Ephpdra cinerea brine fly larvae survival, growth, reproduction 96(h ACR Converted Acute LCSO 54592 Brix et al,, 2004

mollusc lArgopecten Irradions bay scallops |iuvenile survival 96(h ACR Converted Acute LCSO 20 Nelson et al., 1988
Crossosireq gigos pacific oyster embryos abnormal development 481h Converted Chronic EC10 1244|c Martin et al,, 1881; Glickstein, 1978
Mytilus edulis bay mussel embryos abnormal development 48th Converted Chronic EC10 1423|c Martin #t al,, 1581
Perno viridis green mussel post larvae  |survival 30{d Reported Chronic NOEC 2270|c Nagarjuna et al,, 2018
Spisula solidissimo surf clams juvenile survival 96}h ACR Converted Acute LCS0 212 Nelson et al., 1988

Notes:

/L = micrograms per Iiter
& = geometric mean of toxicity values with the same test conditions and endpoint for a single species.
ACR = scute to chronic ratio
b = the minimum toxcity value from different durations of a single species was used
¢ = reported chronic detz were used

d =~ day:
h=hours

LC50 = median lathal concentration
LOEC = lowest observed effect concentration
NOEC = no effect concentration
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Table C4
Marine Selenium Water Quality Guidelines (£ Cl) Derived Using SSD Approach
EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

mm’:’"", ""’"I of Level of protaction (%) Guideline Value (ug/L) 95% CL lower 95% CL upper
" High %9 93 0.791 508
Moderate 95 31 6.51 92.8
= %0 53 17.2 138
Low 85 76 293 192
= 20 100 448 249
Notes:

All guideline val bes have been rounded to two significant digits per Secticn 3.6 of Wamne et al, (2018).

95% confidence [Imits were calculsted using the parametric cootstrapping tecvgue (n = 10,000) in ssdtools v2.2.0
(L= confidence limits

g/ = micrograms per |fter
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ssdtools goodness of fit statistics

Table C5

EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound
Alcoa Kwinana Refinery - Kwinana, Western Australia

Anderson- | Kolmogorov- c PR Akaike's Sample Size Bayesian AlCe
Distribution Darling Smirnov Mises statistic Information | Corrected AIC| Information i Akaike welght
statistic statistic Criterion (AIC) (AiCe) Criterion (BIC)
i&Gumbel (inverse Weibull) 0.266 0.107 0.038 336 337 338 0 0.594
log-normal 0.496 0.147 0.0745 338 339 340 2,23 0.195
log-logistic 0.405 0.121 0.04S 338 339 340 232 0.187
log-normal mixture 0.283 0.117 0.044 340 344 345 7.33 0.015
Weibull 1.01 0.187 0.169 345 345 347 8.6 0.008
Gamma 1.93 0.275 0.388 351 352 353 14.7 0
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Revised Relevant and Applicable Environmental Quality Guidelines (EQGs) for Cockburn Sound - F
EQG Identification and Derivation for Low Reliability Values of Select Metals k)
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ssdtools v2.2.0 Output
Toxicant: Selenium
Units: micrograms per litre

95% Protection Level (HC;):

Protection Level Guideline Value (Cl)
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80% 100 (44.8, 249)
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Attachment D Assessment of Available Tissu
Introduction

This assessment was prepared in response to the comment letter received from the Auditor’s
Supporting Expert Team (SET) on 21 January 2025 regarding the Relevant and Applicable Environmental
Quality Guidelines (EQGs) for Cockburn Sound — EQG Identification and Derivation for Low Reliability
values of Select Metals (“2024 Derivation Memo”) prepared by EHS Support LLC. (EHS Support) dated 26
March 2024. The 2024 Derivation Memo specifically sought te incorporate contemporised marine
toxicity data and the most current guidelines (Warne et al., 2018) to derive EQGs that would replace low
reliability values for select metals in Cockburn Sound. Cockburn Sound is a 100 km* tidal inlet of the
Indian Ocean, which is adjacent to the Alcoa Kwinana Refinery located on Hogg Road, Naval Base,
Western Australia 6165 (Lot 102 on Parcel 18242, “Site”).

In the comment letter, the SET emphasized that while the EQG derivation approach enacted for
bioaccumulative constituents (e.g., mercury, cadmium, and selenium) is consistent with the
methodology of Warne et al., (2018), there would be greater confidence in the protectiveness of EQGs if
an additional, qualitative lines-of-evidence assessment were conducted to understand the
bioaccumulative pathway. For toxicants or constituents where bioaccumulation and secondary
poisoning effects should be considered, ANZG (2018) states, “to account for the bioaccumulating nature
of this toxicant, it is recommended to apply the species protection level default water quality guideline
one level above that which would normally be applied (e.g. if 95 percent level of species protection
would normally be applied, then the 99 percent default water quality guideline should be used (Warne
et al., 2018).” However, this approach is considered an indirect, surrogate assessment of
bioaccumulative toxicity that indirectly accounts for toxic effects whilst maintaining a species protection
level consistent with the beneficial uses of the waterway. Therefore, an evaluation of available site-
specific tissue data for the sea star (Archaster anguiatus) has been prepared to review tissue
concentrations of bioaccumulative metals (i.e., cadmium, mercury, and selenium) adjacent to the Site
relative to the background. This information is used to qualitatively evaluate potential risks to higher-
order wildlife in Cockburn Sound.

Methods

Site-specific biota tissue collection is reported as a component of the 2007 and 2012 Oceanica
Nearshore Survey Data Reports (Oceanica, 2007; 2012), which were completed to maintain an ongoing
database of sediment, water quality, biota tissue, and fauna and flora assemblage data in Cockburn
Sound. During the two nearshore survey sampling events, five sea stars (Archaster angulatus) were
collected from three separate sampling locations approximately 40 m from the shoreline (T1, 15, T7).
Sampling locations were considered representative of the main area of groundwater discharge into the
marine environment (Oceanica, 2012). Two of the sampling sites (T1 and T5) were located adjacent to
the Site, while the third sampling site (T7) was located approximately 11 km north at Robb letty in Owen
Anchorage. Due to the spatial separation, T7 was designated as the representative background location
(Figure D1). After collection, A. angulatus were individually homogenised and subsequently analysed for
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trace metals. A summary of the available A. angulatus tissue dataset for cadmium, mercury, and
selenium is provided in Table D1.

Cadmium, mercury, and selenium concentrations in A. angulatus tissue were evaluated using a one-way
analysis of variance (ANOVA) to identify significant differences between concentrations relative to their
sample locations. An ANOVA compares the mean tissue concentrations between different sampling
locations by analysing the variance within groups and comparatively assessing the variance between
groups. A statistically significant result (p <0.05) would indicate that there are differences in mean
tissue metal concentrations between A, angulatus collected from different sampling locations. Prior to
running the ANOVA, analyte concentrations were log-transformed to fit the normality assumption of the
analysis.

Results

Analysis results indicate that there are no statistically significant (p < 0.05) differences in mean
concentrations for cadmium (p = 0.55), mercury (p = 0.68) or selenium (p = 0.50) between sampling
locations. These results demonstrate that tissue concentrations are similar between sampling locations
adjacent to the Site and in the background. Summary statistics for the evaluated bioaccumulative metals
in A. angulatus tissue samples are provided below in Table D2 and ANOVA results are provided in Table
D3.

Summary

This assessment was conducted to establish greater confidence in the protectiveness of EQGs for three
bioaccumulative metals (cadmium, mercury, or selenium) through a qualitative evaluation of available
biota tissue data. The results of this assessment suggest that there is no statistically significant increase
in the bioaccumulation of the evaluated metals in A. angulatus tissues adjacent to Site relative to the
background. This qualitative assessment provides important information about potential risks to higher-
order wildlife and suggests there is no increased ecological risk of bioaccumulative metals exposure with
proximity to the Site. An additional quantitative evaluation of dietary pathways is provided for selenium
(Attachment E) to account for site-specific food web dynamics and to substantiate these conclusions.
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound

Table D1
Summary of Available Sea Star Tissue Data for Select Bioaccumulative Metals

Alcoa Kwinana Refinery - Kwinana, Western Australia

Transect Analyte | Result {mg/kg) | Result Basis | Method | Detacted Result (Y/N) | Sample Collection Year | Source Report
T1_40A Cadmium 0.07 wet NT2_46 Y 2011 Dceanica 2012
T1_408 Cadmium 0.09 wet NT2_46 Y 2011 Oceanlca 2012
11_40C Cadmium 0.13 wet NT2 46 Y 2011 Deeanica 2012
T1_400 Cadmium 0.04 wet NT2_46 Y 2011 Oceanica 2012
T1_40€ Cadmium 0.07 wet NT2_46 Y 2011 Oceanica 2012
T5_40A Cadmium 0.08 wet NT2_46 Y 2011 Oceanica 2012
T5_40B Cadmium 0.08 wet NT2_46 Y 2011 Oceanica 2012
15_40C Cadmium 0.22 wet NT2_46 Y 2011 Dceanica 2012
T5_ 240D Cadmlum 0.14 wet NT2 46 ¥ 2011 Oceanica 2012
T5_40E Cadm 0.08 wet NT2_46 Y 2011 Dceanica 2012
T7_40A Cadmium 0.18 wet NT2 46 Y 2011 Oceanica 2012
T7_408 Cadmium 0.13 wet NT2_46 Y 2011 Oceanica 2012
T7_40C Cadmium 0.15 wet NT2 46 X 2011 Oceanica 2012
T7_20D Cadmium 0.12 wet NT2_46 A 2011 Deceanica 2012
T7_40€ Cadmium 0.11 wet NT2 46 Y 2011 Oceanica 2012
1A Cadmium 0.05 NT2_46 Y 2006 Oceanica 2007
T1_B Cadmium 0.12 NT2_46 Y 2006 Oceanica 2007
11 C Cadmium 0.09 - NI2_a6 Y 2006 Oceanica 2007
T1. D Cadmium 0.14 NT2_46 Y 2006 Oceanica 2007
T1E Cadjum 0.1 - NT2_26 Y 2006 Deeanica 2007
T5_A Cadmlum 0.25 - NT2 46 Y 2006 Dceanica 2007
T5_8 Cadmium 0.05 - NT2_46 ¥ 2006 Dceanica 2007
15_C Cadmium 0.04 = NT2_46 Y 2006 Oceanica 2007
75D Cadmium 0.12 -~ NT2_46 Y 2006 Dceanica 2007
15 E Cadmium 0.04 s NTZ 46 Y 2006 Oceanica 2007
T7_A Cadmium 0.07 - NT2_26 Y 2006 Dceanlca 2007
17_8 Cadmium 0.07 - NT2_46 Y 2006 Dceanica 2007
T7.C Cadmium 0.07 - NT2 46 Y 2006 Oceanica 2007
17_0 Cadmium 018 — NT2_46 Y 2006 Oceanica 2007
T7 E Cadmium 0.08 - NT2 46 Y 2006 Oceanica 2007
T1_20A Mereury 0.1 wet NT2_26 Y 2011 Dceanica 2012
T1 408 Mercury 0.09 wet NT2 46 Y 2011 Oceanlca 2012
T1_40C Mercury 0.11 wet NT2 46 Y 2011 Deeanica 2012
T1 40D Mercury 0.04 wet NT2 46 Y 2011 Oceanica 2012
T1_40F Mercury 0.08 wet NT2_46 Y 2011 Oceanica 2012
TS_404 Mercury 0.11 wet NT2_46 Y 2011 Oceanica 2012
T5_408 Merteury 0.06 wet NT2_46 Y 2011 Dceanica 2012
T5_40C Mercury 0.07 wet NT2 46 Y 2011 Oceanlca 2012
T5_20D Mercury 0.1 wet NT2_46 Y 2011 Dceanica 2012
TS5_40E Mercury 0.1 wet NT2 46 Y 2011 Oceanica 2012
T7_40A Mercury 0.15 wet NT2_46 Y 2011 Dceanica 2012
17_408 Mercury 0.06 wet NT2 46 Y 2011 Oceanica 2012
T7_40C Mercury 0.09 wet NT2_46 Y 2011 Dceanica 2012
17_40D Mereury 0.07 wet NT2 46 Y 2011 Oceanlca 2012
T7_40F Mercury 0.09 wet NT2 246 Y 2011 Oceanica 2012
T1_A Mercury 0.04 - NT2_46 Y 2006 Oceanlca 2007
T1 8 Mercury 0.04 - NT2 46 Y 2006 Dceanica 2007
T1_C Mercury 0.04 = NTZ_46 Y 2006 Dceanica 7007
T1 D Mercury 0.05 - NT2 46 Y 2006 Oceanica 2007
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EQG IdentHication and Derivation for Low Reliability Values of Select Metals in Cockburn Sound

Table D1
Summary of Available Sea Star Tissue Data for Select Bioaccumulative Metals

Alcoa Kwinana Refinery - Kwinana, Western Australia

Transect Analyte | Result {mg/kg) | Result Basis | Method | Detacted Result (Y/N) | Sample Collection Year | Source Report
T1E Mercury 0.08 - NT2_46 Y 2006 Dceanica 2007
15 A Mercury 0.08 - NT2_46 Y 2006 Oceanlca 2007
15 8 Mercury 0.02 -~ NT2 46 Y 2006 Dceanica 2007
15_C Mercury 0.03 - NT2_46 Y 2006 Oceanica 2007
T5_D Mercury 0.04 - NT2_46 Y 2006 Oceanica 2007
T5_E Mercury 0.05 £= NT2_46 Y 2006 Oceanica 2007
T7_A Mercury 0.02 -- NT2_46 Y 2006 Oceanica 2007
17_8 Mercury 0.03 NT2_46 Y 2006 Dceanica 2007
17 C Mercury 0.02 - NT2 46 Y 2006 Oceanica 2007
17_D Mercury 0.05 - NT2_46 Y 2006 Oceanica 2007
T7_E Mercury 0.03 - NT2 46 Y 2006 Oceanica 2007

T1_80A Sejenium 6.6 wet NI2_46 Y 2011 Oceanica 2012

T1 408 Selenium 7 wet NT2 46 Y 2011 Oceanica 2012

T1_40C Selenium 84 wet NT2_46 A 2011 Deceanica 2012

T1 200 Selenlum 3.4 wet NT2 46 Y 2011 Oceanica 2012

T1_40€ Selenium 3 wet NT2_46 Y 2011 Oceanica 2012

TS_40A Selenium 6.9 wet NT2_46 Y 2011 Oceanica 2012

15_a08 Selenium 31 wet NI2_a6 Y 2011 Oceanica 2012
T5_40C Selenium 4.1 waet NT2_46 Y 2011 Oceanica 2012
15 80D | Selanium 2.1 wet NT2_26 Y 2011 Deeanica 2012
T5_40€ Selenlum 4.3 wet NT2 46 Y 2011 Dceanica 2012

T7_40A Selenium 49 wet NT2_46 Y 2011 Dceanica 2012

17_408 Sefenlum 2.5 wet NT2_36 Y 2011 Oceanica 2012

T7_40C Selenium 36 wet NT2_46 Y 2011 DOceanica 2012

T7_400D Selenium 6.5 wet NTZ 46 Y 2011 Oceanica 2012

T7_40€ Selenium 3.9 wet NT2_26 Y 2011 Dceanlca 2012
T1A Selenium 2.5 - NT2_46 Y 2006 Dceanica 2007
Ti 8 Selenium 17 - NT2 46 ¥ 2006 Oceanica 2007
T1_C Sel ul 17 - NT2_46 Y 2006 Oceanica 2007
T1 D Selenium 15 - NT2 46 Y 2006 Oceanica 2007
T1_E Selenium 2.5 — NTZ_46 Y 2006 Dceanica 2007
TS5 A Selenlum 2.5 - NT2 46 Y 2006 Oceanlca 2007
5.8 Selenium 17 NT2_46 Y 2006 Deeanica 2007
15 C Selenium 16 NT2 46 Y 2006 Oceanica 2007
15 D Selenium 19 -~ NT2_46 Y 2006 Oceanica 2007
T5_E Selenium 2.4 NT2_46 Y 2006 Oceanica 2007
17_A Selenium 2 - NT2_46 Y 2006 Dceanica 2007
17 8 Selenium 15 - NT2 46 Y 2006 Oceanica 2007
T7.C Selenium 1.6 -~ NT2_46 Y 2006 Dceanica 2007
17_0 Selenium 2.5 NT2 46 Y 2006 Oceanica 2007
T7 E Selenium 12 - NT2_46 Y 2006 Dceanica 2007

Notes:

me/kg = milligrams per kilogram
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Table D2

Summary Statistics for Bioacumulative Metals in Sea Stars at Each Transect
EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound

Alcoa Kwinana Refinery - Kwinana, Western Australia

Minimum Maximum Mean Standad
Analyte Transect Concentration Concentration Concentration De
(me/kg) (ma/kg) (mg/kg) s
Cadmium T1 0.04 0.14 0.08 0.03
Cadmium 75 0.04 0.25 011 0.07
Cadmium T7 0.07 0.18 0.113 0.04
Mertury T1 0.04 0.11 0.067 0.03
Mercury T5 0.02 0.11 0.066 0.03
Mercury 17 0.02 0.15 0.061 0.04
Selenium T1 1.5 8.4 433 2.82
Selenium T5 16 6.9 3.06 1.65
Selenjum T7 12 6.5 3.02 17
Notes:
mg/kg = milligrams per kilogram
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Analysis of Variance Results for Bioaccumulative Metals Across Transects
EQG Identification and Derivation for Low Reliability Values of Select Metals in Cockburn Sound

Table D3

Alcoa Kwinana Refinery - Kwinana, Western Australia

Degrees of Sum of Mean of
Analyte Fr:':dom Shanres Shuares F-value | P-value
Cadmium 2 0.06 0.03 0.62 0.55
Mercury 2 0.05 0.02 0.39 0.68
Selenium 2 0.09 0.05 0.72 0.5

1of1
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EHS Support

MEMO

From:

Date: 30 July 2025

Subject: Selenium Dietary Exposure Model for Cockburn Sound

This memorandum was prepared by EHS Support Pty Ltd ("EHS Support”) on behalf of Alcoa of
Australia ("Alcoa”) to describe a lines-of-evidence assessment to understand the bioaccumulation of
aqueous selenum in Cockburn Sound, which is adjacent to the Alcoa Kwinana Refinery located on
Hogg Road, Naval Base, Western Australia 6165 (Lot 102 on Parcel 18242, “Refinery” or "Site”). This
document was developed in response to the comment letter received from the Auditor’s Supporting
Expert Team (SET) on 21 lanuary 2025 regarding the Relevant and Applicable Environmental Quality
Guidelines (EQGs) for Cockburn Sound - £QG Ident(fication and Derivation for Low Rellability Values
of Select Metals ("Derivation Mamo”| prepared by EHS Support dated March 26, 2024. The
Derivation Memo specifically sought to incorporate contemporised marine toxicity data and the
most current guidelines (Warne et al,, 2018) to derive EQGs that would replace low reliability values
for select metals, including selenium,

In the comment letter, the SET acknowledged that the EQG for selenium was derived in accordance
with the species sensitivity distribution (SSD) methodology described in Warne at al., (2018), but
recommended supplemental works to directly assess the bioaccumulation pathway. The approach
enacted to assign levels of species protection for bioaccumulative constituents within the Australia
and New Zealand Guidelines (ANZG) is considered an indirect, surrogate assessment of
bioaccumulative toxicity. For example, if the leve! of species protection for a given waterway is 95
percaent, it would be increased to 99 percent for bicaccumulative constituents (ANZG, 2018), to
indirectly account for bioaccumulative toxicity whilst maintaining a species protection level
consistent with the beneficial uses of the waterway.

A lines-of-evidence assessment was conducted to directly consider the bioaccumulation pathway
and justify adopting the SSD as-is and to maintain the 95" percent species protection level for
selenium. The overarching objective of this memo is to qualitatively and quantitatively assess the
bicaccumulation of selenium in Cockburn Sound, This will be accomplished through:
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* Review of the fate and transport of selenium in the marine environment to understand
biotic and abiotic processes affecting exposure conditions.

e Summarizing key habitats in Cockburmn Sound to inform receptor selection and model
parameterization (this will ultimately support the development of a conceptual exposure
model);

e Evaluation of existing marine tissue data collected adjacent to the Site to assess whether
conditions differ significantly from background tissue concentrations; and,

* Conducting desktop-based dietary modeling of aqueous selenium to assess concentrations
at which potential adverse effects could be occurring.

Selenium in the Marine Environment

An understanding of selenium chemical speciation, mobility, and transport processes in the marine
environment is needed to characterise ecological exposure conditions to marine fauna. The
following provides a brief overview of the behavior of selenium in marine waters.

Selenium Distributior

Selenium (Se) distribution in the natural environment is ubiquitous, and its cycle spans all
components of the of Earth’s systems (i.e., atmosphers, lithosphere, hydrosphere, and biosphere).
Se is a nonmetallic element in the sulfur group of the periodic table and shares similar fundamental
characteristics with sulfur, Se is an essential micronutrient for the growth and proliferation of
biomass, but it can also function as a toxicant if it |s present in excessive amounts. The ocean
represents the largest global sink for primary emissions of 5e, and atmospheric deposition is the
main source of the element to the ocean (Mason et al., 2018). Additional sources include
groundwater, surface water, dust deposition, and volcanic or industrial emissions (Winkel et al.,
2015).

Within marine coastal waters, Se cycling is incredibly complex. Se exists in multiple oxidation states,
including Se(V1), Se(IV), Se(0), and Se(-1l) (Breuninger et al., 2023). Variability in oxidation states
allows Se to interact with a wide range of chemical species, forming a variety of dissolved and
particulate compounds. In oxygenated surface waters, the dominant dissolved Se species are the
oxyanions selenate (Se0., or Se(Vl)) and selenite (SeO,>or HSeOy, or Se(lV)), and organic selenides
(Se(-ll)) present as fine particulate organic matter (USEPA, 2021, and references therein), The
relative abundance of dissolved Se(VI), Sa(IV), and Se(-1l) species in marina systems varies with depth
(Cutter & Bruland, 1984), and the vertical distribution of Se follows that of key nutrients (e.g.,
phosphorus). In surface waters, organic Se(-ll) predominates, while Se(VI) and Se(IV) concentrations
generally increase with depth (Mason et al.,, 2018). Elemental Se(0) is the least abundant species and
exists primarily in reduced sediments. Redox and photooxidation reactions can cause
transformations between these Se species, but the reaction rates are often negligible.

selenium Bioavailability

Selenium biocavailzbility is complex, dependent on chemical speciation, and varies for dissolved and
particulate forms of the micronutrient. In general, Se bioavailability is greatest for dissclved rather
than particulate species. Dissolved Se bioavailability is greatest in the order of Se(lV) and organic Se(-
I1) species, followed by Se(Vl) (Mason et al., 2018; USEPA, 2021, and references therein). Dissolved
Se species in the water column are readily assimilated by primary producers (e.g., phytoplankton,
periphyton) and incorporatad into biomass as organic Se. This step represents the greatest
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magnitude transfer of Se accumulation from abiotic to biotic pools within the system (USEPA, 2021,
and references therein). These primary producers, along with organic Se(-l1) in detritus, and Se(0),
Se(lV), and Se(Vl) bound to sediment particles, comprise the particulate Se fraction (USEPA, 2021).
Since dissolved Se in the water column is primarily depleted by basal trophic level organisms, its
bioavailability to higher trophic |evels principally occurs through the ingestion of, and exposure to,
particulate Se.

The primary mechanism of Se toxicity in aquatic systems operates through bicaccumulative
pathways and trophic transfer. Bioaccumulation occurs as predators consume lower trophic level
organisms that have assimilated bioavailable forms of Se into their tissues, leading to an increase in
Se tissue concentrations in the consumer. Since bioavailable dissolved Se species are readily
assimilated by primary producers, the potential for Se toxicity in a system is principally dependent
upan concentrations found at basal trophic levels and in particulates (e.g., algae, phytoplankton,
detritus, and sediment) and is indirectly related to dissolved concentrations in the water column.
Consequently, Se toxicity depends on site-specific factors, such as Se partitioning, food web
structure, and hydrology (USEPA, 2021). There is evidence of reduced Se toxicity in marine water
relative to frashwater systems due to higher sulfate concentrations. Sulfate and Se compete for
uptake in microorganisms owing to the similarity between the sulfate and selenate ions (Williams et
al., 1994; Ogle & Knight, 1996). This antagonistic interaction decreases Sa(Vl1) bicavailability and
uptake and could indirectly reduce bioaccumulative toxicity. Furthermore, several studies suggest
that Se(V1) is not assimilated into marine phytoplankton, especially in the presence of sulfate (Mason
et al,, 2018, and references theremn, Fournier et al., 2010). These site-specific factors that impact Se
bioavailability, in turn, influence Se bioaccumulation.

Se bioaccumulation and associated toxicity can be influenced by several system-specific factors
present in Cockburn Sound, Water chemistry parameters can influence inorganic Se uptake rates,
but the median pH of 8.2 s.u. in the available background data (EHS Support, 2024) suggests that the
slightly alkaline environment is conducive to inorganic Se (i.e., Se(lV) and Se(V!)) bicavailability and
uptake (Sharma et al., 2015). Hydrodynamics also influence Se mobility and speciation (and
therefore bioavailability) so the dynamic, intertidal environment present in Cockburn Sound will
impact site-specific Se toxicity. Tidal movements provide inherent spatial and temporal
heterogeneity related to water residence time, which will influence the presence of Se in the water
column, its speciation, and its bioavailability (USEPA, 2021). In general, shorter water residence time
is associated with decreased Se bicaccumulation. The relationship between bioaccumulation and
residence time reflects the complex interaction between site-specific factors such as the organic
content, redox potential, and food web specifics (USEPA, 2021, and references therein).

Se enters the aquatic food web through primary producers (e.g., plants, algae, microbes), which
assimilate the micronutrient from sediments and dissolved forms in the water column. As trophic
level increases, Se bioaccumulation and transfer propagates through ingestion (i.e., the long-term
predation of lower trophic lavel species with relatively high Se tissue concentrations).
Bioaccumulation can also occur through direct contact with Se in sediments, detritus, or dissolved
forms in the water column, but this occurs to a lesser extent (USEPA, 2021). As noted above, the
bioavailability and toxicity of Se is influenced by its chemical form and its partitioning between
sediments and the water column. In shallow coastal habitats where sediment-water interactions are
maore pronounced, dissolved Se species are typically depleted through assimilation, sorption, and
volatilization reactions (Breuninger et al., 2023). Se toxicity is likely greater in these areas due to the
relative abundance of organic Se species in primary producers and particulates (algae, detritus, and
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sediment), increasing bioaccumulation rates. In deeper waters, where primary productivity is less
significant, bioavailability of Se is generally highar and dissolved inorganic forms (e.g., Se(IV), Se(V1))
predominate (Mason et al,, 2018, Breuninger et al., 2023). Therefore, when evaluating site-specific
Se cycling and potential exposure to receptors, it is critical to consider the different habitat types
that are present.

Key Habitats in Cockburn Sound

Given the complexity of Se transport in marine ecosystems, identification of key habitats in
Cockburn Sound is needed to inform receptor selection and subsequent model parameterization. A
detailed understanding of ecosystem receptors and their trophic interactions is foundational to the
assessment of Se trophic transfer through the dietary pathway.

There are three primary habitats within Cockburn Sound—shallow intertidal zones, seagrass
meadows, and deep water. Each habitat type supports distinct assemblages of species that occupy
different life stages and exhibit unique foraging behaviors. The ecological niche of an individual
determines its potential for Se exposure and uptake, thereby influencing the risk of bicaccumulation
at higher trophic levels.

shallow Intertidal Zone

The shallow intertidal habitat, found along the eastern side of Cockburn Sound, is characterized by
high hydrodynamic activity and a sandy, predominantly unvegetated benthic substrate. This habitat
supports a diverse array of species, including benthic organisms, spawning fish, crustaceans, and top
predators, all of which are exposed to both sediment-bound and dissolved forms of Se. The shallow
intertidal zone is proximal to anthropogenic sources at the Site, making it the ¢ritical focus for
assessing nisk of exposure.

Seagrass meadows, located along the western side of Cockburn Sound, provide important nursery
areas for species during juvenile and early adult stages. These meadows are highly productive and
serve as a key source of aquatic vegetation, algae, and detritus, which are essential dietary
components for species inhabiting the area. Species in these meadows are exposed to both
sediment-bound and dissolved forms of Se.

Ueep Water

The deep-water habitat represents the deepest waters of Cockburn Sound and Is primarily utilized
by adult fish and mobile predators. Species in this habitat are typically less exposed to sediment
bound Se but may accumulate Se through dietary intake, particularly through trophic transfer from
species originating from more contaminated shallow areas.

This review of tha three primary habitat types in Cockburn Sound suggests that the shallow intertidal
zone should be the focal point for an assessment of potential Se exposure nisk to receptors. This
habitat zone supports a variety of species at several life stages and facilitates food web complexity at
several trophic levels. From a biogeochemical perspective, Se bioaccumulation and associated
toxicity are likely to be greater in shallow coastal areas than deeper waters (Breuninger st al,, 2023;
Mason et al., 2018). Furthermore, the proximity of the shallow intertidal zones to the Site incurs the
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greatest potential for exposure to increased Se concentrations. To further the evaluation of Se
exposure risk in the shallow intertidal zone, receptors of interest were identifiad at multiple trophic

levels.

Receptors of interest that may utilize the shallow intertidal zone are summarized in Table 1. Food
web interactions between ecological receptors are summarized in Figure 1. The following factors
were considered for the selection of proposed ecological receptors

» Exposure potential to sediment-assoclated contaminants: Species exposed to sediments
through direct or incidental ingestion, contact, or consumption of sediment-exposed pray
are more likely to accumulate Site-related toxicants. Species with smaller home ranges or
thosa restricted to the site, such as juvenile fish or benthic organisms, face greater exposure
comparad to migratory species or those with |arger ranges.

® Bioaccumulation and biomagnification potential: Species at higher trophic levels,
particularly piscivores, have a greater capacity for bioaccumulating and biomagnifying
contaminants due to their position in the food web.

s Socletal and cultural Importance: Special consideration is given to species that have
conservation status, as well as those with significant commercial or recreational value to
local communities.,

* Ecological role: Species with specialized foraging habits or that serve a unique ecological
function, such as those that feed on benthic organisms in shallow intertidal zones, are

prioritized in receptor selection,

» Sensitivity to contaminants: Species known to be particularly sensitive to specific
contaminants, such as the Pied Cormorant and Little Penguin, are given priority in the
receptor selection process.

TABLE 1 COCKBURN SOUND RECEPTORS OF INTEREST

ReceptorGroup | CommonName |  Sclentific Name | Habitat

Avian Fauna

Piscivore* Pled Cormorant | Phalacrocorax varius Seagrass meadow, shallow intertidal

Piscivora/Inverntivore Little Penguin Eudyptula minor Seagrass meadow, shallow intertidal

Pelecanus

Piscivore* Pelican conspicilatus Deep water, shallow intertidal

Piscivora/Invertivare Common Temn Sterna Hirundo Seagrass meadow, shallow intertidal

Fish

Deep water, seagrass meadow, shallow

Flscivore/Invertivore Scaly Mackerel Scomber australasicus | Intertidal,

Planktivare Sprat Sprattus spp. Secagrass meadow, shallow intertidal
Pink Snapper

Piscivora/Invertivore {Juvenile) Chrysophrys auratus Seagrass meadow, shallow intertidal
Pink Snapper Deep water, shallow intertidal

Piscivore/Invertivare | (Adult) Chrysophrys auratus (spawning)

Marine Mammals

Piscivore (Top Bottlenose

Predator) Dolphin Tursiops spp. Deep water, shallow intertidal
Australian Sea

Piscivora/Avivore Lion Neophoca cingréa Seagrass meadow, shallow Intertidal
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Bemthic Blue Svimmer Deep water, seagrass meadow, shallow

Omnivore/invertivore | Crab Portunus armatus intertidal

Echinoderms

Archaster angulatus.

Benthic Patirieila spp., or

Camivore/invertivore | Sea Star Astropacten spp. Deep water, shallow intertidal
| Aguatic Vegetation

Primary Produces Seagrass Zostera spp. Scagrass meadow

Notes:

* = Top predator

FIGURE 1 — FOOD WEB INTERACTIONS BETWEEN ECOLOGICAL RECEPTORS

The habitat and raceptor selection processes revealed key trophic relationships and highlighted the
importance of certain candidate species for the distary model evaluation of Se bicaccumulation in
Cockburn Sound. The pink snapper (Chrysophrys ouratus) was selected as the candidate species for
the model due to its conservation status and its ecological niche as the predator of several key
invertebrate prey species (4. angulatus, Portunus armatus, Polychaeta spp.) in the shallow intertidal
one,
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Lines-of-Evidence Assessment

A detailed lines-of-evidence assessment was conducted to evaluate whether derived Se guidelines
are protective of receptors in Cockburn Seund. This assessment included a qualitative evaluation of
existing marine tissue data collected adjacent to the Site, and a desktop-based dietary modeling of
aqueous Se to assess concentrations at which potential adverse effects to receptors could be
occurTing.

Exisling Sile-Spealic Nissue Dala Review

To assess the influence of Se on higher-order wildlife in Cockburn Sound, an analysis of available sea
star (A angulatus) tissue data was performed. A angulatus were identified as a receptor of interest,
as they inhabit the sediments of shallow intertidal zones, feeding primarily on detritus and
microorganisms. Their ecological niche presents a key opportunity to evaluste Se bioaccumulation
adjacent to the Site. Figure 2 illustrates the distribution of tissue concentrations in A. angulatus
collected in 2006 and 2011 at two transects adjacent to the Site (T1 and T5) and in a background
transect 11 kilometers (km) north of the Site (T7). Each transect includes whole body wet weight
tissue concentrations associated with five A angulatus replicates. Arithmetic mean tissue Se
concentrations (mg/kg dw) are depicted with diamonds and standard deviations are shown with
dashed lines.

A one-way analysis of variance (ANOVA) test was performed to assess whether transect was
influencing loglO-transformed Se tissue concentrations. This test found that transact location did
not have a significant effect on tissue concentration (p = 0.49). Therefore, there is no statistically
significant difference in A. angulatus tissue concentrations between the background (11 km north)
and the two adjacent transects to the Site. This qualitative assessment provides important
information about potential risks to higher-order wildlife and suggests there is no increased risk of
Se exposure with proximity to the Site. An additional quantitative evaluation of dietary pathways is
provided below to account for site-specific food web dynamics and to substantiate these
conclusions.
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FIGURE 2 —SEA STAR (A. ANGULATUS) WHOLE BODY TISSUE SELENIUM CONCENTRATIONS BY TRANSECT
Quantitative Dietary Modeling Assessment

The purpose of a dietary model is to quantify the potential for adverse bioaccumulative effects of Se
to Cockburn Sound receptor species. Here, we refer to the framework of Presser and Luoma (2010)
to establish an ecosystem-scale model that conceptualizes and parameterizes the relevant variables
that dictate Se bioaccumulation. The model presented here utilizes biogeochemical and
physiological data from site-specific sources (where available) to establish an EQG for Se that offers
adequate protection to key receptors, To address key data gaps, peer-reviewed |iterature sources
were identified and included in the assessment. Principal model parameters are discussed below
along with any key assumptions and their associated uncertainties.

Model Parametarization

The mode! framework of Presser and Luoma (2010) identifies protective water column Se
concentration values based on available toxicity guidelines. These guidelines are often based on
toxicity to oviparous vertebrate (i.e., fish and bird) species, as they are the most sensitive groups to
Se effects (USEPA, 2021). In the absence of available marine or ANZG Se tissue criteria, this model is
based on fish tissue concentration (Cpy) thresholds promulgated by the USEPA and Environment and

Climate Change Canada (ECCC) for freshwater ecosystems. A summary of these criteria is presented
in Table 2.
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TaABLE 2 AVAILABLE FisH TiSSUE SE TOXICITY GUIDELINES

‘ Crs (Mg/kg dW) Tissue Type Source
15.1 Egg-ovary
8.5 Whole-body USEPA, 2021
113 Muscle
14.7 Egg-ovary
6.7 Whole-body s

To quantify bioaccumulation of Se to the candidate fish species, we determined a trophic transfer
factor (TTFus). TTFs are species specific measurements that quantify the amount of Se that transfers
from one trophic level to another in the food web and are based upon kinetic measurements of
Ingestion rate (IR), assimllation efficiency (AE), and afflux rate (K.). Since laboratory studies that
quantify these kinetics in fish species are sparse, Presser and Luoma (2010) recommend a simplified
equation that relates fish tissue Se concentrations to that of the prey, using:

TTFrisn = Crish * Cinvertedrates

where Cy- is the concentration of Se in the muscle or whole-body tissue, and Coverenens 15 the
concentration of Se in the pray species. This calculation requires both concentrations reported on a
dry-weight (dw) basis. For C. auratus, a site-specific TTFun could not be calculated due to a lack of
applicable prey tissue Se concentrations on a dw basis. While the A. angulatus dataset detailed in
Figure 2 provides site-specific tissue data, all concentrations are reported on a wet-weight (ww)
basis with no data available for conversion. Therefore, the default TTFy;, valua of 1.1 was adopted in
the model per the guidance of Presser and Luoma (2010). While the lack of a species-specific TTF
represents an uncertainty, Presser and Luoma (2010) state that the TTFs for all fish species reliably
fall within a very narrow range (0.5 to 1.6).

The potential for Se toxicity in a system is principally dependent upon the base of the food web and
the assimilation of dissolved and particulate Se into the tissues of lower trophic level organisms. It is
therefore critical to identify TTFs for the prey species that higher trophic level organisms ingest. Key
receptors in Cockburn Sound that are prey for fishes include A. angulatus, P. armatus, and
Polychaeta spp (Figure 1). TTF avenesests i3 calculated using the equation:

TTFyyertevrate = Cinvertetrate + cpartlculaur

where Coutiuiie |5 the concentration of Se in particulate matter. Species-specific TTFs were not
calculated due to a lack of available prey tissue Se concentrations on a dw basis. Presser and Luoma
(2010) present broad categories of TTFs for invertebrates based on taxonomic groupings, including
means < 1 for amphipods, 1.3 to 1.9 for crustaceans, 2.8 for aquatic insects, and >= 2.8 to 6 for clams
and mussels. Since crustaceans like P. armatus typically comprise much of the diet for C. auratus in
Cockburn Sound (Parsons et al., 2014; Usmar, 2012), they were selected as the key prey species in
this dietary model. The arithmetic mean value of 1.6 calculated for the crustacean taxonomic group
(Presser and Luoma, 2010), was therefore adopted as the representative TTFerenrse value. While
the lack of species-specific values represents an uncertainty, TTFietesrate values show very little
variation within taxonomic groups (Presser and Luoma, 2010).

The site-specific partitioning factor (Kg) between dissolved and particulate forms of Se is critical to
understand due to the role of particulate Se in the bioaccumulative pathway. The transformation of
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dissolved Se to particulate forms (sediment, detritus, algae) is the basis for all subsequent trophic
propagation of toxicity. Ky 1s calculated using the equation:

Ky = Cpanlnu:ue + Cwater—cotumm,

where Couyuie 15 the concentration (mg/kg dw) of Se in particulate matter and Coyiercolumn is the
concentration (mg/L) of 5& in the water column. K varies by orders of magnitude based on
physicochemical characteristics of the water body and i1s a substantial source of uncertainty in the
absence of thoroughly developed site-specific models (Presser and Luoma, 2010). In general, rivers
and lakes tend to possess K values between 100 and 2,000, while estuaries and oceans possess K«
values greater than 5,000 (Prasser and Luoma, 2010). To constrain the uncertainty associated with
Ky selection, we parameterized three plausible values.

Secenario 1: Site-specific Ky

Background data compiled in the Derivation Memo (EHS Support, 2024) were used to determine
Custercot.ma Dased on the arithmetic mean of dissclved Se. In the absence of available Courcuns data
from the same dataset, available background sediment data was analysed from the Oceanice 2012
Alcoo Necarshore Survey 2011 Data Report (Oceanica, 2012). This report includes data from offshore
sampling conducted in 2011, In total, ten cores (five nearshore, five offshore) were collected from
seven transects and analysed for total extractable Se. Transects included both Site-adjacent and
background |ocations within Cockburn Sound. To calculate Cpgmmiste, we assumed the sediments
would be routinely resuspended in the water column of Cockburn Sound during tidal mixing and
could therefore serve as the particulate Se fraction. To maintain consistency with the Derivation
Memo (EHS Support, 2024}, all non-detect values were set to ¥ of the laboratory reportad
quantitation limit. A summary of the Custe<ctumn and Caticutste datasets, and the calculated site-
specific Ky is presented in Table 3.

TasLE 3 SITE-SPECIFIC PARTITIONING COEFFICIENT (K) CALCULATION

Samples Mean
Matrix Analyte Detected | Non-detected | Total | Concentration | Units K.
Surface Water | Dissolved S 5 54 59 0.00423 mgflL 1182
Sediment Total Extractable Sa 0 70 70 0.08 mg/kg

Scenario 2: Default Ky

In the absence of site-specific observations of particulate and dissolved Se, Presser and Luoma
(2010) suggest the adoption of a default K of 1,000. However, the authors acknowledge that this
may not be a conservative choice for estuaries or marine environments, as it is outside their typical
range of Ky values (>5,000) (Presser and Luoma, 2010).

Scenario 3. Average marine Kg

Presser and Luoma (2010) calculated and compiled Ky values from various field studies using
available Cuaterconmn and Cammnime S@ data. A summary of potentially comparable estuarine or marine
sites is presented in Table 4. The arithmetic mean Ksof 13,594 from these sites was adopted as a
plausible value.
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TasLE 4 COMPILED ESTUARINE AND MARINE PARTITIONING COEFFICIENTS (K,) FROM PRESSER AND LUOMA (2010)

Ke Habitat Literature Source
6,500 | GreatMarsh, DE Velinsky and Cutter, 1991
7,817 | San Francisco Bay, CA (1998-1999) Cutter and Cutter, 2004; Doblin et al., 2006
9,456 | Salton Sea estuary, Alamo River LeBlanc and Schroeder, 2008
11,956 | Salton Sea estuary, Whitewater River LeBlanc and Schroeder, 2008
13,768 | Outer San Francisco Bay, CA (1998-1999) Cutter and Cutter, 2004; Doblin et al., 2006
15,000 | Xiamen Bay, Fujian Province, China Liu etal., 1987
17,391 | Salton Sea estuary, New River LeBlanc and Schroeder, 2008
21,500 | San Francisco Bay, CA (1986, 1995-1996] | Presser and Luoma, 2006
18,942 | Lower Newport Bay, CA Presser and Luoma, 2009
Water Quality Guideline Calculation

The partitioning coefficient (Ky), trophic transfer factors for fish (TTFpy,) and invertebrates
(TTFenesrae), @nd the applicable fish tissue guideline values (Cp), determined above are used to
calculate the water column concentration (Cuu.) for the protection of fish using the equation:

Cwater = Crisn + (”F/uh)(Kd)(Wmeubrau)-

The key assumptions of this equation are 1) fish are consuming a single Invertebrate diet, and 2)
there is no area use factor applied. The dietary composition of fish species in Cockburn Sound is
complex, with multiple prey species linked to the predators identified in the conceptual exposure
mode!. Furthermore, since the model does not specify an area use factor, it is assumed that 100% of
the diet of fishes and invertebrates is linked to the Site. Refinement of feeding areas would help
determine the percentage of fish diet that can be |inked to areas of concern. The framework
presented by Presser and Luoma (2010) provides additional, more complex modeling equations to
estimate C...i, however, the uncertainties required to parameterize the variables in the equation
above would likely increase proportionally with mode! complexity.

The site-specific Cyqe Se concentrations for the protection of fish were evaluated using the
identified USEPA and ECCC fish tissue guideline values (Ciy) and the three scenarios for Ky as
detailed above. Results of this evaluation are presented in Table 5.

TasLe 5 CarcuLaTed WATER QUALITY GUIDELINES FOR COCKBURN SOUND

 Scenatlo | Cuuw(ppD) | Cran(PPM) | Camtissuetype | TTFun Ke TH meneone
726 15.1 Egg-ovary
1 409 8.5 Whole body
(Site-specific) %43 11.3 | Muscle 1.1 11.82 1.6
707 14.7 Egg-ovary
322 6.7 Whole body
8.6 15.1 Egg-ovary
- 4.8 85 | Whole body
(Detauit) 6.4 11.3 Muscle 1.1 1,000 16
8.4 14.7 Egg-ovary
3.8 6.7 | Whole body
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Sconario | Cuue(ppb) | Cows(ppm) | Comtissuetype |TiFan| Ko | TiFumnmims
0.63 181 Egz-ovary
3 0.36 8.5 Whole body
(Literature- 0.47 11.3 Muscle 1.1 13,594 1.6
based) 0.51 147 | Egp-ovary
0.28 8.7 Whole body

The order of magnitude variability in estimates of protective Se concentrations (Cygy) from the
three modeled scenarios can be attributed to differences in Ky, which is a known driver of
uncertainty in this approach (Presser and Luoma, 2010). The calculated site-specific Ky in the first
scenario should be the most plausible value to produce reliable estimates of Cyyyr, but the results
are an order of magnitude greater than those generated by the SSD in the Derivation Memo (EHS
Support, 2024) and the revised SSD in Enclosure A: Response to Comments Ledger. The site-specific
Kgqis also multiple orders of magnitude lower than comparable estuarine and marine sites from the
literature. Therefore, the assumptions required to generate the site-specific K4 value from available
background data may not be sufficient to capture the true concentration of particulate Se in the
system (Cpameunr=). However, it should be noted that no total extractable Se was detected in the
evaluated sediment samples (Table 3), reducing potential risk to receptors through the primary
exposure pathway. Furthermore, in the background dataset compiled for the Derivation Memo (EHS
Suppert, 2024), there were no detections for total Se in the water column and few detections for
dissolved Se (Table 3). Based on the available data, there is likely minimal risk of Se toxicity to
receptors adjacent to the Site.

Further refinement of Cpuine and Ky is recommended to reduce uncertainties in the output
produced by this model. Regardless, it is likely that the site-spacific K, is lower than the estuarine
and marine values compiled by Presser and Luoma (2010). The default K suggested by Prasser and
Luoma (2010) produced comparable outputs to the 99" percentile species protection level (9.3 pg/l)
estimated by the S5D, yet values are still below the a5 percentile background Se concentration of

10 pg/L.
Conclusion

The lines of evidence assessment presenting site-specific invertebrate tissue data and desktop
dietary modeling of the pink snapper (C. auratus) using a Ks calculated with site-specific data support
the conclusions that:
1. Tissue concentrations observed in a key invertebrate receptor species (A. angulatus)
adjacent to the Site do not differ significantly from those observed in background areas over
11 km away, and,
2. Surface water concentrations of selenium associated with adverse effects in waters adjacent
to the Site range from 322 pg/L to 726 pg/L.

The dietary modeling framework utilised here includes conservative assumptions in determining a
protective Se concentration in the water column. First, the model assumes that water column
concentrations of Se are uniformly distributed and does not account for biogeochemical procasses
or mixing dynamics associated with tidal movements in Cockburn Sound. Inherent spatial and
temporal haterogeneity in the system will influence Se exposure to receptors, particularly in the
shallow intertidal habitat zone. Second, no specific area use factor is applied. Without a specified
area use factor, it is assumed that receptors would spend 100% of their time in areas at the modeled
surface water Se concentrations.
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These findings demonstrate that both the 99 percent species protection level of 9.3 ug/L and the
95" percent species protection level of 31 pg/L generated through the SSD are protective to higher
trophic levels and as a site-specific limit, respectively. However, there are acknowledged
uncertainties associated with this lines-of-evidence assessment, specifically regarding
parameterisation of the quantitative dietary model, that preclude the adoption of the 95™ percent
species protection level (21 pg/L) derived for Site monitoring efforts at this time.

Additional model refinement through the collection of site-specific parameters is recommended to
reduce acknowledged uncertainties and develop a more reliable EQG that is protective of receptors
in Cockburn Scund. Focused Site sampling efforts should capture instantanecus measurements of
particulate and dissolved selenium fractions in the water column across different spatial and
temporal (i.e., tidal) scales in Cockburn Sound. In addition, collection of interstitial porewater
samples would also provide increased confidence in the equilibrium relationship between matrices
in the active marine environment. The resulting, robust dataset will provide an understanding of the
fractional distribution and concentration of selenium present adjacent to the Site and in background
areas and will refine our understanding of mixing dynamics and geochemical processes within the
intertidal and subtidal zones. Until refinement occurs, the 95" percentile background concentration
of 10 pg/L will be adopted as the interim selenium EQG for the purpose of advancing the program.
Further assessment may be required in the future to develop a more reliable EQG that is protective
of receptors in Cockburn Sound.
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Appendix E Trigger Bores — Historical Groundwater Levels
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