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Executive Summary

For the Executive Summary drawn from the AGL Macquarie Additional Pre-existing Contamination
Study (AGLM APECS) report, completed by ES for Lake Liddell (LL): 15106 LL APECS - Volume 4 of 7,
refer to 15092 AGLM APECS - Volume 1 of 7: Section 8; LL APECS Executive Summary.
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Limitations
Limitations and Important Information about this Report

This report has been prepared in accordance with the scope of services described in the

previous sections of this report. The report has been prepared for the sole use of:

= AGL Macquarie Pty Limited (the client) and its related bodies corporate (as defined in the
Corporations Act 2001 (Cth) (collectively, the AGL Parties); and

= any person who purchases the land to which this report relates from the AGL Parties,

(Relevant Parties) and has been prepared in accordance with a scope of work agreed by the

client.

The report or document does not purport to provide legal advice and any conclusions or
recommendations made should not be relied upon as a substitute for such advice.

The report does not constitute a recommendation by Environmental Strategies Pty Ltd (ES) for
the client, the Relevant Parties or any other party to engage in any commercial or financial
transaction and any decision by the client, the Relevant Parties or other party to engage in such
activities is strictly a matter for them.

The report relies upon data, surveys, measurements and results taken at or under the site at
particular times and conditions specified herein. Any findings, conclusions or recommendations
only apply to the aforementioned circumstances and no greater reliance should be assumed or
drawn by the Relevant Parties. Furthermore, the report has been prepared solely for use by
the Relevant Parties and ES accepts no responsibility for its use by other parties. Subject to the
express terms of any agreement between the client and ES, the client agrees that ES’ report or
associated correspondence:

= will not be used or reproduced in full or in part for promotional purposes; and

= cannot be used or relied upon by any person other than the Relevant Parties.

Any other individual, party, group or company seeking to rely this report cannot do so and
should seek their own independent advice.

Subject to the express terms of any agreement between the client and ES, no warranties,
express or implied, are made. Subject to the scope of work undertaken, ES’ assessment is
limited strictly to identifying typical environmental conditions associated with the subject
property based on the scope of work and testing undertaken and does not include and
evaluation of the structural conditions of any buildings on the subject property or any other
issues that relate to the operation of the site and operational compliance of the site with state
or federal laws, guidelines, standards or other industry recommendations or best practice.
Scope of work undertaken for assessments are agreed in advance with the client and may not
necessarily comply with state or federal laws or industry guidelines for the type of assessment
conducted.

Additionally unless otherwise stated ES did not conduct soil, air, wastewater or other matrix
analyses including asbestos or perform contaminated sampling of any kind. Nor did ES
investigate any waste material from the property that may have been disposed off the site, or
undertake and assessment or review of related site waste management practices.

The results of this assessment are based upon (if undertaken as part of the scope work) a site
inspection conducted by ES personnel and/or information from interviews with people who
have knowledge of site conditions and/or information provided by regulatory agencies. All
conclusions and recommendations regarding the property are the professional opinions of the
ES personnel involved with the project, subject to the qualifications made above.

While normal assessments of data reliability have been made, subject to the express terms of
any agreement between the client and ES, ES assumes no responsibility or liability for errors in
any data obtained from regulatory agencies, statements from sources outside of ES, or

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
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developments resulting from situations outside the scope of this project/assessment.

ES is not engaged in environmental auditing and/or reporting of any kind for the purpose of
advertising sales promoting, or endorsement of any client’s interests, including raising
investment capital, recommending investment decisions, or other publicity purposes.

Information relating to soil, groundwater, waste, air or other matrix conditions in this
document is considered to be accurate at the date of issue. Surface, subsurface and
atmospheric conditions can vary across a particular site or region, which cannot be wholly
defined by investigation. As a result, it is unlikely that the results and estimations presented in
this report will represent the extremes of conditions within the site that may exist. Subsurface
conditions including contaminant concentrations can change in a limited period of time and
typically have a high level of spatial heterogeneity.

From a technical perspective, there is a high degree of uncertainty associated with the
assessment of subsurface, aquatic and atmospheric environments. They are prone to be
heterogeneous, complex environments, in which small subsurface features or changes in
geologic conditions or other environmental anomalies can have substantial impact on water,
air and chemical movement.

Major uncertainties can also occur with source characterisation, assessment of chemical fate
and transport in the environment, assessment of exposure risks and health effects, and
remedial action performance. These factors make uncertainty an inherent feature of
potentially impacted sites. Technical uncertainties are characteristically several orders of
magnitude greater at impacted sites than for other kinds of projects.

In relation the conduct of Asbestos inspections or the preparation of hazardous materials
reports ES has conducted inspections and the identification of hazardous material within the
constraints presented by the property. Whist efforts are made to access areas not normally
accessed during normal use of the site to identify the presence of asbestos or other hazardous
material, unless explicitly tested no guarantee can be provided that such material is or is not
present.

ES’ professional opinions are based upon its professional judgment, experience, and training.
These opinions are also based upon data derived from the limited testing and analysis
described in this report or reports reviewed. It is possible that additional testing and analysis
might produce different results and/or different opinions or other opinions. ES has limited its
investigation(s) to the scope agreed upon with its client. ES believes that its opinions are
reasonably supported by the testing and analysis that has been undertaken (if any), and that
those opinions have been developed according to the professional standard of care for the
environmental consulting profession in this area at this time. Other opinions and
interpretations may be possible. That standard of care may change and new methods and
practices of exploration, testing and analysis may develop in the future, which might produce
different results.
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Glossary

Abbreviation ‘Description

ABC Ambient Background Concentration (NEPM 2013 Sch. B1)

ACL Added Contaminant Limit (NEPM 2013 Sch. B1)

ACM Asbestos Containing Material

ADWG Australian Drinking Water Guidelines

AFFF Aqueous Film Forming Foams

AGLM AGL Macquarie Pty Limited

AHD Australian Height Datum

AIC Areas of Identified Contamination

AMG Australian Map Grid

ANZECC Australian and New Zealand Environment Conservation Council

APECS Additional Pre-Existing Contamination Study

APHA American Public Health Association

ARMCANZ Agriculture and Resource Management Council of Australia and New
Zealand

As Arsenic

AS Australian Standard

ASLP Australian Standard Leaching Procedure

ASS Acid Sulfate Soils

AST Aboveground Storage Tank

B(a)P Benzo(a)pyrene

B(a)P TEQ B(a)P Toxic Equivalence Quotient (NEPM 2013 Sch. B1)

bgl Below ground level

BTEX Benzene, Toluene, Ethylbenzene, Xylene

BTEXN Benzene, Toluene, Ethylbenzene, Xylenes, Naphthalene

btoc Below top of casing

Cd Cadmium

CEC Cation Exchange Capacity

COC Chain of Custody

COPC Contaminant of Potential Concern

Cr Chromium

Csat Soil saturation concentration (NEPM 2013 Sch. B1)

CSM Conceptual Site Model

Cu Copper

CVAAS Cold Vapour Atomic AbsoReportion Spectrometry

DEC Dept. of Environment & Conservation (now EPA)

DECC Dept. of Environment & Climate Changed (now EPA)
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Abbreviation Description

DECCW Dept. of Environment, Climate Change and Water (now EPA)

Decon 90 Cleaning agent used to decontaminate equipment during sampling

Depths (m) Depths have been reported as metres below the ground surface
unless noted otherwise.

DO Dissolved Oxygen

DP Deposited Plan

DQA Data Quality Assessment

DAl Data Quality Indicator(s)

DQO Data Quality Objective(s)

DSl Detailed Site Investigation

EC Electrical Conductivity

Eh Redox Potential

EIL Environmental Investigation Level

EMP Environmental Management Plan

ENM Excavated Natural Material

EPA Environmental Protection Authority

ES Environmental Strategies Pty Ltd

ES LPS APECS ScreeningES derived LPS APECS Screening Criteria for Salinity in groundwater

Criteria

ESA Environmental Site Assessment

ESL Ecological Screening Level

ESMW Monitoring Well installed by Environmental Strategies

FA Fibrous Asbestos

FB Field Blank (quality control sample)

F1 TRH fraction C6-C10 less BTEX for HSLs

F2 TRH fraction >C10-C16 less Naphthalene for HSLs

F3 TRH fraction >C16-C34

F4 TRH fraction >C34-C40

GAC Groundwater Assessment Criteria

GCFID Gas chromatography with flame ionization detector

GCMS Gas Chromatograph Mass Spectrometer

GIL Groundwater Investigation Level(s)

GME Groundwater Monitoring Event

GPR Ground Penetrating Radar

GSW General Solid Waste

GSW (Special Waste)

Asbestos Waste

ha

Hectare (10 000 square metres in area)

Hg

Mercury

HIL

Health Investigation Level

AGL Macquarie Pty Limited
Lake Liddell, NSW
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Abbreviation Description

HRA Health Risk Assessment

HSE Health Safety and Environment

HSL Health Screening Level

HW Hazardous Waste

ICPMS Inductively coupled plasma mass spectrometry

ID Identification or inner diameter where referenced to well casing
IL Investigation Level(s)

IP Interface Probe (measure in ground oil & water depth
I1SQG Interim Sediment Quality Guidelines

JSA Job Safety Analysis

km Kilometre

LCS Laboratory Control Sample

LL Lake Liddell

LNAPL Light Non Aqueous Phase Liquid

LOR Limit of Reporting

LPS Liddell Power Station

LRBSL Low Reliability Background Screening Level

m Metre

mbgs Metres below ground surface

mAHD Metres Australian Height Datum

MAH Monocyclic Aromatic Hydrocarbons

mbgl Metres below ground level

mBTOC Metres below top of casing (of monitoring well)
MGA Map Grid of Australia 1994 - Coordinates

mg/kg Milligrams per kilogram

mg/| Milligrams per litre

ML Management Limit for TPH fractions F1-F4 in soil (NEPM 2013)
ml Millilitres

mm Millimetres

Ms MilliSiemens

|MS Matrix Spike or Mass Spectrometry or Mass Spectra
|MSD Matrix Spike Duplicate

MTBE Methyl-tert Butyl Ether

mV Milli-Volts

MwW Monitoring Well

N Nitrogen

NAPL Non-Aqueous Phase Liquid(s)

NATA National Association of Testing Laboratories

NEPC National Environment Protection Council
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Abbreviation Description

NEPM 1999 National Environment Protection (Assessment of Site Contamination)
Measure (as made on 10 December 1999)

NEPM 2013 NEPM 1999 incorporating amendment taking effect on 16 May 2013

NHMRC National Health and Medical Research Council

Ni Nickel

NL Non Limiting

NSW New South Wales

NSW EPA NSW Environment Protection Authority

NSW OEH NSW Office of Environment and Heritage

N/A Not Applicable

OCPs Organochlorine Pesticides

OPPs Organophosphorus Pesticides

PAH Polycyclic Aromatic Hydrocarbon

PARCCS Precision, Accuracy, Representativeness, Comparability,
Completeness, Sensitivity

Pb Lead

PFAS Per and Polyfluorinated alkyl substances

PFOA Perfluorooctanoic acid

PFOS Perfluorooctane sulfonate

PID Photo-lonisation Detector

ppm Parts per million

PQL Practical Quantitation Limit

PSI Preliminary Site Investigation

P&T Purge and Trap

QA Quality Assurance

QC Quality Control

RB Rinsate Blank (quality control sample)

RPD Relative Percentage Difference

SAC Soil Assessment Criteria

SAQP Sampling and Analysis Quality Plan

SB Soil Bore

SDAC Sediment Assessment Criteria

SGS SGS Australia Pty Ltd

SSC Soil Screening Criteria

SWAC Surface Water Assessment Criteria

SWL Standing Water Level

TB Trip Blank

TBA To be advised

TCLP Toxicity Characteristic Leaching Procedure
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Abbreviation Description

TDS Tomago Development Site

Tier 1 Soil VapourGeneric soil vapour assessment criteria referenced for selected
Criteria analytes in NEPM 1999 (amendment 2013) Sch. B1

TOC Total Organic Carbon

Total DS Total Dissolved Solids

TPH Total Petroleum Hydrocarbons

TRH Total Recoverable Hydrocarbons

UCL Upper Confidence Level

USCS Unified Soil Classification System

usT Underground Storage Tank

UCL Upper Confidence Limit

uPVvC Unplasticised polyvinyl chloride

USEPA United States Environmental Protection Agency

USCS Unified Soil Classification System

usT Underground Storage Tank

VOC Volatile Organic Compound

WHS Work Health and Safety

Xylenes The sum of ortho- (o-), meta- (m-), and para- (p-) xylenes
Zn Zinc

uS Micro Siemens

oC Degrees Celsius

ug/L Micrograms per litre
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1 Introduction

1.1 Background

Lake Liddell (LL) lies adjacent to the Liddell Power Station (LPS) off the New England Highway,
Muswellbrook NSW. LL has been used for cooling water and water storage since the LPS was
commissioned in 1971. A location map and layout plan for LL is provided in Appendix C.

In 2013-2014, ERM was engaged by the State of New South Wales to investigate and report on
the environmental condition of sediments and waters in LL. ERM identified certain
contamination of sediments and water in LL.

AGLM acquired the Bayswater Power Stations (BPS) and the LPS, including LL, on 2 September
2014 (Completion). Following Completion, AGLM engaged ES to complete an LL APECS.

The overall objective of the investigation carried out as part of the LL APECS as provided in the
AGLM Specification: Additional Pre-Existing Contamination Study, Bayswater and Liddell Power
Stations, April 2015, (Ref.1) is:

= to define, to the extent practicable, the nature and extent of contamination of sediments,
water and edible aquatic species in LL; and

= to make determination whether the contamination identified was present as at Completion
(Pre-Existing Contamination).

1.2  Definition of Pre-Existing Contamination
For the purpose of the LL APECS ‘Pre-Existing Contamination’ has been defined to mean:

(a) the presence of any contamination (as defined in the Contaminated Land Management
Act 1997 (NSW)) in, on, under or emanating from or migrating onto or through the
Site/s (including any soil, groundwater or surface water on or under the Site/s) or
migrating from the Sites onto any land or water body contiguous with the Site/s, to the
extent to which it occurred on or before 2 September 2014; and

(b) any pollution (as defined in the Protection of the Environment Operations Act 1997
(NSW)) of, or emanating from, the Sites (including any soil, groundwater or surface
water on or under the Sites) or harm to the environment resulting from an activity
undertaken on the Sites prior to 2 September 2014.

The significance of 2 September 2014 is that this is the date of completion for the sale and
purchase agreement (SPA) under which AGLM acquired the Sites. This date is referred to in the
LL APECS report as ‘Completion’.

For the purpose of the definition of Pre-Existing Contamination:

= ‘Contamination’ means as defined in the Contaminated Land Management Act 1997 (NSW)
(CLM Act). The CLM Act defines ‘contamination’ broadly to mean ‘the presence in, on or
under the land of a substance at a concentration above the concentration at which the
substance is normally present in, on or under (respectively) land in the same locality, being
a presence that presents a risk of harm to human health or any other aspect of the
environment’.

= ‘Pollution’” means as defined in the Protection of the Environment Operations Act 1997
(NSW) (POEO Act). The POEO Act defines ‘pollution’ to mean each of ‘water pollution’, ‘air
pollution’, ‘noise pollution’ or ‘land pollution’. Each of these concepts are defined broadly.
By way of example:
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0 ‘water pollution’ includes ‘placing in or on, or otherwise introducing into or
onto, waters (whether through an act or omission) any matter, whether solid,
liquid or gaseous, so that the physical, chemical or biological condition of the
waters is changed’; and

0 ‘waters’ is defined very broadly so as to include all surface or ground waters.

= |Inthe LL APECS, LL is ‘the Site’.

Given the breadth of the definitions of ‘contamination’ and ‘pollution’, any analysis results
showing the presence of any substance above naturally occurring background levels is
considered to be ‘contamination’ or ‘pollution’ for the purpose of the LL APECS. Accordingly,
the LL APECS does not exclude “Pollution” below prescribed screening criteria from being "Pre-
Existing Contamination".

1.3 Lake Liddell

LL is located approximately 15 kilometres (km) south of Muswellbrook and on the north-
eastern side of the New England Highway. LL covers 1133 hectares and has a storage capacity
of 152 000 megalitres. (Ref.1).

LPS was commissioned in 1971, and for many years was the backbone of the NSW electricity
system. LPS was the first major power station to be located inland away from abundant salt
water supplies traditionally used for cooling purposes. LL was constructed for cooling and water
storage, and has been used for this purpose since LPS was commissioned. LL also services the
BPS which was commissioned in 1985.

The northern part of LL previously served as a water recreation source, but following the
detection of Naegleria fowleri (a naturally occurring amoeba) in 2016, LL was indefinitely closed
for all recreational uses. The lake provides a habitat for a variety of wildlife (Ref.2).

Prior to 2016, recreational activities on the lake are generally restricted to the northern and
eastern parts, with restricted areas on the western side close to the LPS inlet pumps and outlet
channel as delineated by permanent lines of linked buoys. Figure 2a showing the areas of LL
which were previously able to be accessed by the public, is provided in Appendix C.

As LL has been continuously used to supply cooling water to LPS since 1971 and the BPS since
1985, the LL APECS is required to evaluate the likelihood of additional Pre-Existing
Contamination to that reported by ERM.

1.4 Objectives of the Investigation

The objective of the LL APECS as provided in the AGLM Specification: Additional Pre-Existing
Contamination Study, Bayswater and LPSs, April 2015, (Ref.3) was;

= to define to the extent practicable, the nature and extent of contamination of sediments
and water;

= to identify whether the flesh of edible aquatic species is contaminated; and

= to make a determination whether the contamination identified is Pre-Existing
Contamination.

In order to achieve the specific objectives of the LL APECS, the scope of work developed within
the Environmental Strategies - BPS, LPS, LL and Tomago Sampling, Analysis and Quality Plan to
Identify Pre-Existing Contamination Prepared for AGL Macquarie; 15092RP01_SAQP, June 2015
(Ref.3) was designed to:

= better define the nature and the lateral and vertical extent of the contamination identified
in the ERM reports;
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= identify any further contamination which may be present on the sites; and
= provide an opinion as to whether contamination identified at LL is ‘Pre-Existing
Contamination’ as per the definition provided in Section 1.2 of this report.

To address the above, the purpose of the LL APECS was to define the nature, concentration and
extent of Contamination and Pollution existing in LL, either at or prior to Completion.

1.5 Scope of Works

1.5.1 General Scope of Works

The general scope of work carried out in the preparation of this LL APECS included the
following:

1 Review of reports and relevant documents provided by AGLM. The following reports have
been reviewed:

= ERM (October 2013) BPS, Preliminary Environmental Site Assessment. Macquarie

Generation — Project Symphony. Ref 0213879RP01_DRAFT Rev02 (Ref.4).
= ERM (October 2013) LPS, Preliminary Environmental Site Assessment. Macquarie
Generation — Project Symphony. Ref 0213879RP02_DRAFT Rev02 (Ref.5).

= ERM (January 2014) BPS, Stage 2 Environmental Site Assessment. Macquarie Generation —
Project Symphony. Ref 0224193RP01 (Ref.6).

= ERM (January 2014) LPS, Stage 2 Environmental Site Assessment. Macquarie Generation —
Project Symphony. Ref 0224198RP02 (Ref.7).

2 Assessment of data gaps and identification of uncertainties and issues that require further
investigation to define, to the extent practicable, the nature and extent of contamination
on LL and to make determinations whether the contamination is ‘Pre-Existing
Contamination’;

3  Assessment of the contaminants of potential concern (CoPC) at LL, including a review of
their physical and chemical properties; and

4  Development of a sampling, analysis and quality plan (SAQP) Environmental Strategies -
BPS, LPS, LL and Tomago Sampling, Analysis and Quality Plan to Identify Pre-Existing
Contamination Prepared for AGL Macquarie; 15092RP01_SAQP, June 2015 (Ref.8), to
inform the works, fill identified data gaps and meet the site specific objectives of the AGLM
Specification: Additional Pre-Existing Contamination LL APECS, Bayswater and LPSs, April
2015, (Ref.3).

A copy of the ES SAQP (Ref.8) is provided in AGLM APECS Volume 7 of 7.

In addition to surface water and sediment, the SAQP required edible aquatic species to be
collected from a number of locations and their flesh analysed for CoPC to assess whether
consumption of the flesh posed an unacceptable risk to human health or the environment.

1.5.2 Site-Specific Scope of Works

The site-specific scope of work carried out in the preparation of the LL APECS was in general
accordance with the ES SAQP Specific Requirements for LL (Ref.8) and included the following:

1.5.2.1 Sediment

Sediment samples were collected using several surface (not diver-assisted) collection
techniques including:

= a manually-driven piston corer used in water depths less than about 20 m;
= agrabsampler; and
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= asmall gravity/piston corer in water depths greater than about 20 m.

1.5.2.2 Surface Water

Water samples were collected from LL using a Wildco™ Beta Horizontal water sampler
deployed from the vessel. This method allowed the collection of discrete water samples from
target depths.

Physico-chemical variables (dissolved oxygen, pH, electrical conductivity, and temperature)
were measured at each of the survey locations, and the location of sampling determined using
GPS.

1.5.2.3 Edible Aquatic Species

Since recreational fishing was previously permitted in LL, edible aquatic fauna (Edible Aquatic
Species) was targeted for collection from four locations at LL using a range of survey
techniques, including fyke netting and angling by Eco Logical Australia (ELA).

Fish were humanely euthanized and prepared in the field for dispatch to the laboratory
following the methods specified in Metal contamination of major NSW fish species available
for human consumption; NSW Health 2001 (Ref.12). Fillets were couriered in either a chilled or
frozen state. Fish carcasses were disposed of responsibly in the field so that they did not attract
scavengers.

The Australian and New Zealand Food Standards Code-Standard 1.4.1- Contaminants and
Natural Toxicants (Ref.13) and Standard 1.4.2- Maximum Residue Limits (Ref.14) requires
analysis to be done of the edible portion of the fish. The liver and gullet can be the main areas
of contaminant accumulation in fish, but it was not proposed to analyse these organs during
the LL APECS as they are not normally consumed. ES notes that the above standard is relevant
only to human health assessments and the data must be qualified if used in an ecological risk
assessment.
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2 Site Information

2.1 Site Identification

The location of the LL is shown on Figure 1, Appendix C. Figure 1 also includes the position of
LL to LPS and BPS. Title details pertaining to LL are provided in Table 2-1 below and described
in detail in the following sections.

Table 2-1: LL Summary Site Details

Site Characteristic Detail

Street Address New England Highway, NSW
Lot / DP Lot Deposited Plan

162 DP752486

25 DP752486

45 DP241179

157 DP752486

3 DP1105210

160 DP752486

1 DP247944

28 DP752486

2 DP1022827

19 DP752486
Local Government Area Shire of Muswellbrook
Land Zoning RE1 — Primary Production (Muswellbrook LEP 2009)
Site Area Approximately 1133 ha
Geographic Coordinates Easting: 9675105.13
(to approximate centre of Lake) Northing: 4590018.046
Projection: GDA94 — NSW Lambert

2.2  Site Description

The current LL layout is presented in Figure 2a, Appendix C. LL is a man-made lake located
predominantly adjacent the eastern side of LPS. At the extremities, LL is approximately 5.5 km
long, running roughly north — south and 4 km wide running roughly east — west. LL covers a
nominal area 1133 ha and has a storage capacity of 152 000 ML, with a maximum depth of
approximately 35 m.

LL discharges into the Hunter River, approximately 11 km to the south, via Bayswater Creek, in
accordance with environment protection licence no. 779 (EPL 779). An overview of EPL 779 is
contained below.
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2.3 Environmental Protection Licences

2.3.1 General

Discharges into LL from BPS are regulated under EPL 779. LL itself forms part of the premises
the subject of EPL 779. Discharges into LL from LPS are controlled under EPL 2122.

ES notes the EPLs for BPS and LPS were updated in 2017 as listed below:

= EPL 779 (BPS): updated 7*" September 2017; and
= EPL2122 (LPS): updated 23™ January 2017.

The key updates to comply with NSW EPA’s direction on the EPL’s in relation to LL are the
addition of water monitoring points as listed in Table 2-3 and Table 2-4.

Details of these EPLs are provided in the following section.

2.3.2 BPS EPL 779

The following is a summary of the key conditions of EPL 779

2.3.2.1 Licensed Activities

Scheduled Activity

*  Chemical Storage
= Coal Works
* Electricity Generation

Fee Based Activity Scale

> 100 T generated or stored
>5 000 000 T annual handling capacity
>4 000 Gwh annual generating capacity

* Chemical storage waste generation
= Coal works
* Generation of electrical power from coal

2.3.2.2 Discharge Concentration Limits and Volumes

Table 2-2 provides details of the discharge concentration limits for the licensed water discharge
points at BPS.

Table 2-2: Water Discharge Concentration Limits

Point No Point Location  Type of Pollutant 100 percentile
Discharge Point concentration
limit
1 Discharge from  Discharge to Oil and Grease mg/L 10
main station oil  waters Total suspended
separator solids mg/L 20
holding basin to
Tinkers Creek
7 Discharge from  Discharge to Conductivity mS/cm 4500
cooling towers waters pH pH 6.5-8.5
to Tinkers
Creek
8 Discharge pipe Discharge and pH pH 6.5-8.5
from LL dam monitoring Total suspended mg/L 30
wall point under solids
Hunter River
Salinity Trading
Scheme
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Point No

Point Location

Type of

Discharge Point

Pollutant

100 percentile
concentration

limit

17 Inlet point Discharge and Boron mg/L 0.81
located on the monitoring Cadmium mg/L 0.0003
Void 4 pontoon  point under Copper mg/L 0.001
pump system Hunter River Iron mg/L 0.27
Salinity Trading  Molybdenum mg/L 0.29
Scheme Nickel mg/L 0.019
pH pH 6.5-9.5
Silver (total) mg/L 0.0005
Total suspended mg/L 30
solids
18 Discharge from  Discharge to Boron mg/L Not reported
Bayswater Ash waters Cadmium mg/L Not reported
Dam unlined effluent quality  Copper mg/L Not reported
flood spillway Electrical pS/cm Not reported
located conductivity
near left Iron mg/L Not reported
abutment Molybdenum mg/L Not reported
Nickel mg/L Not reported
pH pH Not reported
Silver (total) mg/L Not reported
Total suspended mg/L Not reported
solids

ES notes that the EPL 779 does not provide 100 percentile concentration limits for Point 18. It
is understood that Point 18 was appended to the revision of EPL 779 on the 7" September
2017.

Table 2-3 provides the discharge volumes allowed from each licensed discharge point.

Table 2-3: Licenced Discharge Volume Limits

Point Unit of Measure Volume Limit
1 kL/week 36 400

7 ML/month 840

8 ML/day 700

17 ML/day 20

18 Not indicated Not indicated

ES notes that the EPL 779 does not provide Licenced Discharge Volume Limits for Point 18. It
is understood that Point 18 was appended to the revision of EPL 779 on the 7" September
2017.

2.3.2.3 BPS EPL 779 Pollution Reduction Programs and Environmental Improvement
Programs

Full details of the Pollution Studies and Reduction Programs (PRP) and the Environmental
Improvement Programs (EIP) are detailed in the BPS and LPS EPL’s within Vol 2. BPS APECS and
Vol 3 LPS APECS respectively.

A review of the BPS EPL (EPL 779, as updated 7" September 2017) indicates the following PRP
and EIP’s within this document are associated with LL.

U1l EIP — Coal Handling Plant (CHP — Assessment of water quality and management

“The licensee must provide a report to the EPA that assesses the water quality discharge from
the Bayswater Power Station Coal Handling Plant (CHP). This report must include, but need not
be limited to the following” (EPL 779):
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1. “Water sampling and testing from the natural catchment upstream, flow inputs,
sediment basin located along the north west boundary of the CHP and the confluence of
the overflow from the CHP sediment dam, Tinkers Creek and Lake Liddell where Tinkers
Creek enters the lake;

2. Water balance, catchment study and assessment of sizing of settling basins;

3. A full assessment of all potential pollutants from the CHP, including metals, cations,
anions, total suspended solids, hydrocarbons, surfactants, anti-scalants and any other
chemicals used in the CHP operations;

4. Identify details of all predicted annual discharge rates, frequency and total

discharge volumes from discharges associated with the CHP into Tinkers Creek;

5. A full analysis of all existing pollutants in Tinkers Creek such metals, cations, anions,
total suspended solids, hydrocarbons, surfactants, anti-scalants and potential residues;
6. A review of the potential environmental impact on Tinkers Creek and Lake Liddell from
discharges from the CHP. This should include impacts on water quality, potential impacts
from pollutant loads and the receiving stream and lake ecology; and

7. An assessment of options to manage the CHP sedimentation system to improve water
quality and minimise discharges” (EPL 779).

ES considers Ul to be relevant to LL as it is designed to assess the water quality discharging into
LL.

No details have been provided to ES on the progress of the U1 PRP.

U3 Stormwater Pipeline Program:

“The purpose of this condition is to require the licensee to investigate and determine the
feasibility of upgrades to relevant areas of the Bayswater power Station stormwater
management system” (EPL 779). ES considers U3 to be relevant to LL as some stormwater
pipelines from BPS are understood to allow water to flow into LL.

No details have been provided to ES on the progress of the U3 PRP.

U4 EIP - Lake Liddell Seepage Water Improvement Works:

“By 31 DECEMBER 2019, the licensee must complete all Lake Liddell Seepage Return Works
as detailed in AGL Macquarie correspondence titled "Bayswater Power Station Environment
Protection Licence 779 Variation Application" dated 31 July 2017” (EPL 779).

ES considers U4 to be relevant to LL as it is directly related to an assessment of water seepage
from LL.

No details have been provided to ES on the progress of the U4 PRP.

It should be noted that the work completed as part of the LL APECS were not designed to
achieve objectives of the PRP or EIP listed in EPL 779. The information in connection with the
EPLs was issued to ES after the completion of the LL APECS field program.

EPL 779 also specifies that the site must participate in the Hunter River Salinity Trading Scheme
and salinity discharges from LL are managed in accordance with this scheme.
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233 LPS EPL 2122

The following is a summary of the key conditions of EPL 2122 for the LPS.

2.3.3.1 Licensed Activities
Scheduled Activity

= Coal Works

= Electricity Generation

Fee Based Activity Scale

= Coal works > 5000000 T handled

= Generation of electrical power from coal >4 000 Gwh generated

2.3.3.2 Discharge Concentration Limits and Volumes

Table 2-4 provides details of the discharge concentration limits for the licensed water discharge
points at LPS.

Table 2-4: Water Discharge Concentration Limits

Point No Point Location Type of Pollutant 100 percentile
Discharge Point concentration
limit
12 Water sampling  Discharge and Ammonia mg/L Not reported
platform Monitoring Antimony mg/L Not reported
located on Point Arsenic mg/L Not reported
the Outlet Barium mg/L Not reported
Canal of Liddell Beryllium mg/L Not reported
Power Cadmium mg/L Not reported
Station Chlorine mg/L Not reported
Chromium mg/L Not reported
Chromium (total) mg/L Not reported
Cobalt mg/L Not reported
Conductivity uS/cm Not reported
Copper mg/L Not reported
Fluoride mg/L Not reported
Lead mg/L Not reported
Manganese mg/L Not reported
Mercury mg/L Not reported
Methylene Blue mg/L Not reported
Active Substances
Molybdenum mg/L Not reported
Nickel mg/L Not reported
Nitrogen (total) mg/L Not reported
Oil and Grease mg/L 10
pH pH 6.5-9.0
Phosphorus mg/L Not reported
Selenium mg/L Not reported
Sulfur mg/L Not reported
Temperature degrees Celsius  Not reported
Tin mg/L Not reported
Total dissolved mg/L Not reported
solids
Total organic mg/L Not reported
carbon
TSS mg/L Not reported
Vanadium mg/L Not reported
Zinc mg/L Not reported
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Point No Point Location Type of Pollutant 100 percentile

Discharge Point concentration
limit
13 The water Discharge and Ammonia mg/L Not reported
quality Monitoring Antimony mg/L Not reported
sampling Point Arsenic mg/L Not reported
platform Barium mg/L Not reported
located at the Beryllium mg/L Not reported
Oil and Grit Cadmium mg/L Not reported
Trap weir Chlorine mg/L Not reported
overflow. Chromium mg/L Not reported
Chromium (total) mg/L Not reported
Cobalt mg/L Not reported
Conductivity pS/cm Not reported
Copper mg/L Not reported
Fluoride mg/L Not reported
Lead mg/L Not reported
Manganese mg/L Not reported
Mercury mg/L Not reported
Methylene Blue mg/L Not reported
Active Substances
Molybdenum mg/L Not reported
Nickel mg/L Not reported
Nitrogen (total) mg/L Not reported
Oil and Grease mg/L 10
pH pH 6.5-9.0
Phosphorus mg/L Not reported
Selenium mg/L Not reported
Sulfur mg/L Not reported
Temperature degrees Celsius  Not reported
Tin mg/L Not reported
Total dissolved mg/L Not reported
solids
Total organic mg/L Not reported
carbon
TSS mg/L Not reported
Vanadium mg/L Not reported
Zinc mg/L Not reported

Table 2-5 provides the discharge volumes allowed from each licensed discharge point.

Table 2-5: Licenced Discharge Volume Limits

Point Unit of Measure Volume Limit
12 Not indicated Not indicated
13 Not indicated Not indicated

2.3.3.3 LPS EPL 2122 Pollution Studies and Reduction Programs

Full details of the Pollution Studies and Reduction Programs (PRP) and the Environmental
Improvement Programs (EIP) are detailed in the BPS and LPS EPL’s within Vol 2. BPS APECS and
Vol 3 LPS APECS respectively.

A review of the LPS EPL (EPL 2122, as updated 23™ January 2017) indicates that no PRP or EIP’s
within this document are associated with LL.
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2.4  Site Activities
LL is primarily used for the following:

=  Provision of cooling water to BPS and LPS;
= Receipt of waters from the LPS and, the northern portion and main operations of BPS; and
= Reservoir for runoff from the surrounding environs, including the New England Highway.

As outlined above, LL is now closed to recreational uses.

2.5 Surrounding Land-uses
Description of the surrounding land uses were as follows:

= North —LL Recreational Area (on north east shoreline, including a caravan park) and Pacific
National Antiene Rail Coal Unloader (1 km);

= East— Liddell Colliery (0.2 km);

= South — New England Highway (0.45 km), Cumnock (2 km) and Ravensworth Collieries (3.4
km), and BPS (1.2 km); and

= West — LPS (adjacent to the shoreline), New England Highway (0.15 km) and Drayton
Colliery (1.3 km).

2.6 Topography

LL sits within a small valley, within the larger Hunter Valley. The surrounding topography is
characterised as a series of alternating valleys and ridges radiating out from LL. The exception
to this is an area of significant elevation approximately 2 km to the north of the LL, which is
largely undeveloped, heavily timbered and comprises the southern extremity of hills forming
the northern boundary of the Hunter Valley. On the other three sides of LL, the elevated areas
are largely occupied by the various collieries and power stations named above, with the lower
areas between containing creeks, reservoirs or water ways, which generally flow into LL from
the northern, western and southern sides and discharge from LL on the south-eastern side,
toward the Hunter River.

2.7 Hydrology
As outlined above, LL is a manmade lake which provides cooling water for both LPS and BPS.

A number of creeks and drains discharge runoff and production water into LL. These feed into
LL predominantly from the western side, from the south-western end to the north end. These
waterways include Tinkers Creek, which receives runoff from both LPS and BPS and discharges
into LL on the western side, between the New England Highway and LPS.

LL is also fed by water directly from the Hunter River via a series of pump houses, the first of
which is located on the river adjacent to the outflow of Saltwater Creek, approximately 12 km
south-south-west of LL and approximately 2 km south of Plashett Reservoir.

The nearest surface water receptor to LL is Bayswater Creek, which accepts discharge water
directly from LL via a spillway (discharge point 8 on EPL 779), and flows to the Hunter River
which is located 11 km to the south of LL.

The major surface water features are provided on Figure 2a in Appendix C.

2.8 Geology

The Jerrys Plains 1:25 000 Geological Sheet 9033-11-S (Ref.15) indicates that LL is surrounded
by the geology of two distinct rock types. On the eastern side the surrounding geology consists
of the Whittingham Coal Measures of the Saltwater Creek Formation, which consists of later
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Permian sandstone and siltstone with thin lenticular coaly bands and marine siltstone
intercalated towards the base. This formation is typical of a transitional delta front
environment.

The western side of LL is comprised of Mulbring Siltstone, and forms part of the Maitland
Group. This formation consists of middle-Permian aged dark grey shale and siltstone, which are
micaceous, bioturbated and fossiliferous. This formation is typical of a marine shelf to pro-delta
environment.

The northern section of LL is not shown on the Jerrys Plains sheet and is located on the
Camberwell 1:100 000 Geological Sheet 9133 (Ref.16), which shows similar lithologies adjacent
to LL as are shown on the Jerrys Plain sheet.

2.9 Hydrogeology

As LL is situated within the Hunter River Valley, the direction of regional groundwater flow near
LL is likely to be south to south-east towards the Hunter River.

A groundwater bore search was conducted by ES as part of the LL APECS using the NSW Office
of Water Groundwater Map (Ref.17). A total of eight registered bores were located within
approximately 5 km from the centre of LL. Summarised details of the registered bores are
provided below in Table 2-4.

Table 2-6: Summary Details of Registered Groundwater Bores within 5km of LL

Bore Distance from Direction from Water Bearing Registered Use
Identification  LL (km) LL Zone (m)
GW024022 0.45 West 3.0-3.05 Industrial
(abandoned)
GW201061 1.33 South 12.0-15.1 Monitoring bore
GW20162 1.17 South 14.5-17.4 Monitoring bore
GW080212 1.00 East Not recorded Monitoring bore
GW201845 3.60 East, north-east 3.0-6.5 Test bore
GW201846 3.53 East, north-east 3.53 Test bore
GW201847 4.03 East, north-east 4.03 Test bore
GW201848 2.87 East 3.5-6.5 Test bore

The registered groundwater wells listed above all intercept the shallow local aquifer/s. Given
the setting of LL, it is likely that the shallow aquifer/s flow is towards and discharges into LL,
rather than receiving significant recharge from the lake. The above bores are not provided on
a figure but can be viewed using the NSW Office of Water Groundwater Map (Ref.17)

2.10 Sensitive Environments
The relevant sensitive receiving environments and/or environmental receptors are:

= the Hunter River (approximately 11 km south of LL) and tributaries including;
0 Bayswater Creek on the south-eastern side of LL, immediately downstream of
the LL spillway;
= users of the LL Recreational Area including visitors and permanent residents of the caravan
park (as outlined above, LL is now indefinitely closed to recreational use and so no water
sports or fishing on LL is currently authorised);
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= workers engaged in maintenance in and around LL;
= residents and tenants on rural properties along the Hunter River, east of Bayswater Creek
who may;
0 use and/or come into contact with water in the Hunter River; and/or
0 consume edible aquatic species from the Hunter River; and
= residents of the townships of Maison Dieu and Singleton adjacent to the Hunter River,
(approximately 13 and 15 km east respectively from the junction of the Hunter River and
Bayswater Creek) who may;
O use and/or come into contact with water in the Hunter River; and/or
0 consume edible aquatic species from the Hunter River.

2.11 Current and Proposed Landuse
It is understood that the current uses of LL are expected to continue until the closure of LPS
and the BPS. As outlined above, LL is currently closed indefinitely for recreational use.
However, it is possible that recreational use of LL will resume at some point in the future.

Final use of LL post-closure of the power stations is yet to be determined.
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3 Sampling, Quality and Analysis Plan and Investigation
Methodology

This section outlines the methodology adopted by ES during the works conducted as part of
the LL APECS. Specifically, this section summarises the relevant sections of the ES SAQP (Ref.8)
which was prepared to inform the works required to meet the project objectives as stated in
Section 1.2 of this report.

3.1 Data Quality Objectives (DQO)

The DQO process is a systematic planning tool based on the scientific method for establishing
criteria for data quality and for developing data collection designs. The DQO defines the
experimental process required to test a hypothesis. The DQO process has been developed to
ensure that efforts relating to data collection are cost effective, by eliminating unnecessary,
duplicative or overly precise data whilst at the same time, ensuring the data collected is of
sufficient quality and quantity to support defensible decision making.

It is recognised that the most efficient way to accomplish these goals is to establish criteria for
defensible decision-making before data collection begins and develop a data collection design
based on these criteria. By using the DQO process to plan the investigation effort, the relevant
parties can improve the effectiveness, efficiency and defensibility of a decision in a resource
and cost effective manner.

The DQO process consists of seven steps, which are designed to clarify the LL APECS objectives,
define the appropriate type of data and specify tolerable levels of potential decision errors. The
seven-step DQO process adopted for the ESA can be summarised as:

»= Step 1: State the Problem — concisely describe the problem to be studied. Review prior
studies and existing information to gain a sufficient understanding to define the problem.

» Step 2: Identify the Decision —identify what questions the LL APECS will attempt to resolve,
and what actions may result.

» Step 3: Identify the Inputs to the Decision — identify the information that needs to be
obtained and the measurements that need to be taken to resolve the decision statement.

» Step 4: Define the LL APECS Boundaries — specify the time periods and spatial area to which
decisions will apply. Determine when and where data should be collected.

» Step 5: Develop a Decision Rule — define the statistical parameter of interest, specify the
action level, and integrate the previous DQO outputs into a single statement that describes
the logical basis for choosing among alternative actions.

= Step 6: Specify Tolerable Limits on Decision Errors — define the decision maker's tolerable
decision error rates1 based on a consideration of the consequences of making an incorrect
decision.

* Step 7: Optimise the Design —evaluate information from the previous steps and generate
alternative data collection designs. Choose the most resource-effective design that meets
all DQOs.

DQOs have been developed to detail the type of data that is needed to meet the overall
objectives of this project. The DQOs presented in this LL APECS have been developed consistent
with the following published guidance:

= National Environment Protection Council (1999) National Environmental Protection
Measure 1999 as amended 2013 — Assessment of Site Contamination. Schedule B(2)
Guideline on Site Characterisation (NEPC 2013) (Ref.19);

= NSW DECC (2006) Guidelines for the NSW Site Auditor Scheme (2nd Edition) (Ref.20);

= NSW EPA (1995) Sampling Design Guidelines (Ref.21);
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= NSW EPA (2000) Guidelines for Consultants Reporting on Contaminated Sites (Ref.22); and
= Australian/New Zealand Standard, AN/NZS 4360:2004, Risk Management — Principles and
guidelines (Ref.23).

Full details of the DQOs developed for the LL APECS are provided in (Ref.8) Volume 7 of 7.

3.2 Quality Assurance and Quality Control

To assess the achievement of the project DQO, data quality indicators (DQls), precision,
accuracy, representativeness, comparability and completeness, are employed. The DQls are
defined as follows:

= Precision is a measure of the agreement between duplicate or replicate samples.

= Accuracy is a measure of the agreement between an experimental determination and the
true values of the parameter being measured.

= Representativeness is a measure of how closely the measured results reflect the actual
concentration or distribution of the chemical constituent in the sample of each
environmental medium.

=  Comparability is a qualitative assessment made to express the confidence with which one
data set may be compared with another.

= Completeness is a quantitative measure defined as the percentage of total measurements
made that are judged to be valid compared to the total number of measurements that
were proposed to be made.

= Sensitivity refers to the capability of a method or instrument to detect a given analyte at a
given concentration and reliably quantify the analyte at that concentration.

DQls are used to assess the achievement of both field and laboratory procedures, in accordance
with the requirements of NSW DECC (2006) and NEPC (2013).

The field QA/QC programme set out in the SAQP (Ref.8) required the fieldwork carried out in
support of the LL APECS to be conducted in accordance with the requirements of NEPC (2013),
Australian Standard AS4482.1-2005 to measure the precision of the field and laboratory
analyses and to determine the accuracy of the analytical results. All samples were analysed by
NATA accredited laboratories SGS Australia Pty Ltd (SGS) and Envirolab Services Pty Ltd
(Envirolab). Field QA complies with appropriate standard operating procedures. Results of the
field QA/QA programme are provided in Section 8.1 of this report.

The laboratory QA/QC programme set out in this SAQP requires chemical analyses to be
conducted by laboratories in accordance with the registration of analytical methods provided
by the National Association of Testing Authorities Australia (NATA). Results of the laboratory
QA/QA programme are provided in Section 8.3 of this report.

Full details of the DQls adopted for the LL APECS are provided in the SAQP — Section 3 (Ref.8).

3.3 Contaminants of Potential Concern

Based on results set out in the ERM Report and known historical site operations, the potential
contaminants of potential concern (CoPCs), and indicators of environmental impact within LL
and the AECs discharging into LL, set out below, were identified:

= Trace metals and metalloids:

0 Arsenic O Lead (Pb);
(As); 0 Mercury (Hg);
O Boron (B); 0 Nickel (Ni);
0 Selenium (Se); and
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0 Cadmium 0 Zinc (Zn).
(Cd);
0 Chromium
I+ IV (Cr
Total);
0 Copper
(Cu);
= Total Recoverable Hydrocarbons (TRH);
= Benzene, Toluene, Ethylbenzene and Xylene (BTEX);
=  Polycyclic Aromatic Hydrocarbons (PAHs);
= Volatile Organic Compounds (VOCs);
= Salinity;
= pH;and
= Nutrients (specifically nitrate, nitrite, ammonia and phosphorus).

ES completed further investigation into six potential discharge locations from the LPS to LL in
January 2016. These discharge locations were analysed for the following CoPC, which were
identified by AGLM staff:

= Trace metals and metalloids;

= TRH;
= BTEX;

= PAHs;
=  VOCs;

= Salinity;
" pH;

= Nutrients (specifically nitrate, nitrite, ammonia and phosphorus);
= Per and poly-fluoroalkyl substances (PFAS);

= Polychlorinated biphenyls (PCBs);

=  Ferric Chloride; and

=  Sodium Hydroxide.

Further targeted investigation was carried out at Liddell power station in September/October
2016. The areas targeted were based on the results from the previous two rounds of
investigation. As part of the targeted investigation an additional near shore sediment sample
was collected from LL, north of LPS and adjacent an area identified to have historically been
used for fire-fighting training using Aqueous Film Forming Foam (AFFF) known to contain PFAS.
The sample was analysed for the following CoPC:

= Trace metals and metalloids;

= TRH;

= BTEX;

=  PAHs;

=  VOCs;

= PCBs;

= Monocyclic Aromatic Hydrocarbons (MAHs);
=  Phenols;

= Chlorinated Hydrocarbons

= Halogenated Hydrocarbons; and

= PFAS, as:
0 Perfluorooctane sulfonate (PFOS);
0 Perfluorooctanoic acid (PFOA); and
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0 Perfluorohexane sulfonic acid (PFHxS)

4 Assessment Criteria

4.1 Sediment

The sediment analytical results obtained during the LL APECS have been assessed against

criteria from the following guidelines:

= Australian and New Zealand Environment and Conservation Council (2000) National Water
Quality Management Strategy (ANZECC/ARMCANZ, 2000) Interim Sediment Quality
Guideline High (1ISQG-high) and Low (ISQG-low) Trigger Values (Ref.26);

= PFAS:
0 Commonwealth Department of Environment and Energy (DoEE): Commonwealth

Environmental Management Guidance on Perfluorooctane Sulfonic Acid (PFOS) and
Perfluorooctanoic Acid (PFOA); October 2016, (Ref.30);

0 Cooperative Research Centre for Contamination Assessment and Remediation of the
Environment (CRC Care): Technical Report No.38 — Assessment, management and
remediation for PFOS and PFOA; January 2017, (Ref.31);

= NSW Office of Environment and Heritage (NSW OEH) Science: Draft PFAS Screening
Criteria; May 2017, (Ref.32).

Sediment analytical results compared to guideline criteria are presented in Appendix D.

4.2 Surface Water

The surface water analytical results obtained during the LL APECS have been assessed against

criteria from the following guidelines:

= Australian and New Zealand Environment and Conservation Council (ANZECC, 2000)
Australian New Zealand Australian and New Zealand Guidelines for Fresh and Marine
Water Quality 95% Level of Protection Trigger Values for Fresh Water (Reference Table
3.4.1, ANZECC 2000 Trigger Values for toxicants at alternative levels of protection which
are applicable to slightly-moderately disturbed systems.), (herein after defined as ANZECC
(2000) FW) (Ref.25). ES notes that Selenium and Mercury have been compared to the 99%
level of protection.

= National Health and Medical Research Council (NHMRC, 2008) Guidelines for Managing
Risks in Recreational Water (Ref.34) NHMRC (2008) Recreational).

= PFAS
0 Commonwealth Department of Environment and Energy (DoEE): Commonwealth

Environmental Management Guidance on Perfluorooctane Sulfonic Acid (PFOS) and
Perfluorooctanoic Acid (PFOA); October 2016, (Ref.30); and

0 Australian Government Department of Health (DoH): Health Based Guidance Values
for PFAS For Use in Site Investigations in Australia; April 2017, (Ref.33).

Surface water analytical results compared to guidelines are presented in Appendix D.

4.3 Edible Aquatic Species
The edible aquatic species analytical results obtained during the LL APECS have been assessed
against criteria from the following guidelines:
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= Australian and New Zealand Food Standards Code — Standard 1.4.1 — Contaminants
(Ref.13); and
= Natural Toxicants and Standard 1.4.2 — Maximum Residue Limits (Ref.14).

Edible aquatic species analytical results compared to adopted assessment criteria are
presented in Appendix L.

4.4 Aesthetics

In addition to reporting laboratory results obtained during the LL APECS against the above
assessment criteria, aesthetic considerations were reported on sampling logs.

The assessment of aesthetic considerations relates to the generation of odours, discolouration
as a result of potential contamination and the presence of anthropogenic materials, such as
gross pollutants. Refer to NEPM (2013) Schedule B1 Section 3.6.2 (Ref.19).

4.5 Rationale for and Appropriateness of the Selection of Criteria

4.5.1 Sediment

The sediment criteria adopted are based on the latest regulatory guidelines. Sediments have
unique physio-chemical properties and need to be assessed to assess potential impact to
aquatic ecosystems, but are also compared to Health-based Investigation Levels (HILs) for soils
to assess impact to human health when people are able to be exposed to the sediments.

At the time of the sampling carried out for the LL APECS, the waters of LL were used for
swimming and boating and so the adopted HILs criteria are considered appropriate for the
purpose of the LL APECS.

4.5.2 Surface Water

The surface water criteria adopted are based on the latest regulatory guidelines. Surface waters
which are commonly the receiving bodies for contamination are assessed on criteria based on
the level of protection for aquatic fauna, rather than health considerations.

At the time of the sampling carried out for the LL APECS, the waters of LL were used for
swimming and boating and so the criteria for primary and secondary contact set out in ANZECC
(2000) are considered appropriate for the purpose of the LL APECS.

453 Edible Aquatic Species

At the time of the sampling carried out for the LL APECS, recreational fishing was permitted in
LL, so that edible aquatic species criteria were adopted based on the latest regulatory
guidelines. The edible aquatic species criteria were selected by Eco Logical Australia (ELA) and
were considered appropriate based on the potential consumption of aquatic species collected
from LL.

ES notes that PFAS was not analysed as part of the Edible Aquatic Species assessment as PFAS
was not incorporated into the LL APECS at the time the Edible Aquatic Species assessment
occurred.
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5 Sampling Programme

This section summarises the strategy for the sampling and analysis programme adopted for the
LL APECS as developed within the ES SAQP (Ref.8) Appendix L. The programme was developed
in accordance with:

= National Environment Protection (Assessment of Site Contamination) Measure 1999 as
amended in 2013 (NEPC, 2013) (Ref.19);

= NSW EPA Sampling Design Guidelines (NSW EPA, 1995) (Ref.21); and

= Guidelines for Consultants Reporting on Contaminated Sites (OEH, 2011) (Ref.22).

5.1 Sediment and Surface Water Sampling Programme

Following review of the ERM reports, ES developed a programme of sampling for sediments
and water in LL, which is summarised in Table 5-1. The sampling programme was carried out in
accordance with technical procedures outlined in this section. To the extent practicable, all
fieldwork was performed in accordance with the ES SAQP (Ref.8) and the various guidance
documents on which was based. Departures from the ES SAQP where they occurred were
minor and are not expected to impact the reliability of the results.

Table 5-1: Sampling Programme - LL

Location Surface Water Sample Sediment Sample
Locations Locations

LL Selected areas across 26 (1 m below surfaceand 0.3 m 28 (0-0.1 m, 0.15-0.25 m, 0.4-0.5 m
most parts of LL. above sediment surface) at each location or to refusal)

The sampling locations of the sediment and surface water samples collected from LL are shown
on Figures 3-4 in Appendix C.

The description used in this report to refer to the results of sediment and surface water samples
collected from LL, as part of the LL APECS was either:

= LLSediment samples; and
=  LL Surface water samples.

5.2 Near-shore AEC Sediment and Surface Water Sampling Programme

As a component of the associated AEC investigations at the LPS, surface water and sediment
samples were collected from LL near-shore AECs. These samples have been included as part of
the LL APECS as they were either sampled from LL or from locations likely to discharge directly
into LL. The sampling programme is summarised in

Table 5-2. The sampling programme was carried out in accordance with technical procedures
outlined in the SAQP, as summarised in this section.
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Table 5-2: Sampling Programme — Near-shore AEC sediment and surface water sampling
programme

Area of Concern Location Surface Water Sediment Sample

Sample Locations Locations
LL Near shore AEC 38 33

The AEC LL locations are shown on Figure 5 in Appendix C.

The description used in this report to refer to the results of sediment and surface water samples
collected from AECs around LL, as part of the BPS and LPS APECS will be:

= AECLL Sediment samples; and
= AEC LL Surface water samples.

5.3 Near-Shore LPS Discharge Locations

Six additional locations were investigated by ES in January 2016. ES notes that the samples from
these locations were collected following the completion of the main works at LL and the LPS.
Therefore, to distinguish these samples from others, the following nomenclature was used:

= LAW_LL - Liddell Additional Works Lake Liddell

The six discharge locations are listed below:

Table 5-3: Discharge Locations

Discharge Location ES Corresponding Sediment and
Surface water sampling
locations
1 Stormwater Drain 1 LAW_LL_ESSWO05
LAW_LL_ESSDO5
2 Stormwater Drain 2 LAW_LL_ESSWO06
LAW_LL_ESSDO6
3 Oil and Grit Trap discharge point LAW_LL _ESSWO01
LAW_LL_ESSDO1
4 Chemical Drain LAW_LL_ESSWO03
LAW_LL_ESSDO3
5 Solar Plant Drain LAW_LL_ESSW04
LAW_LL_ESSDO4
6 Sediment and Interceptor Pit Overflow LAW_LL_ESSW02
LAW_LL_ESSDO2

The sampling programme is summarised in Table 5-4 and was carried out in accordance with
technical procedures outlined in the SAQP, as summarised in this section.

Table 5-4: Sampling Programme — Near shore LPS Discharge Point Sediment and Surface
Water Sampling Programme

Area of Concern Location Surface Water Sediment Sample
Sample Locations Locations
LL Near shore discharge 6 6
locations

The sampling locations are shown on Figure 6 in Appendix C.
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The nomenclature used in this report to refer to the results of sediment and surface water
samples collected from LL adjacent to discharge points are:

= LPS discharge point sediment samples; and
= LPSdischarge point surface water samples.

5.4 Edible Aquatic Species Sampling Programme

In addition to surface water and sediment samples there was a requirement to collect
representative samples of edible aquatic species (e.g. fish, eels and yabbies, as available) from
within LL. Sampling for the edible aquatic species was carried out by Eco Logical Australia Pty
Ltd (ELA).

Details of the sampling, analysis and assessment of the edible aquatic species as carried out by
ELA is provided within the report Eco Logical Australia 2015. Toxicity assessment of edible fish
collected from LL. Prepared for Environmental Strategies, 15ARM-1640 (November 2015),
(Ref.24), which is provided in Appendix L.

The ELA edible species sampling programme comprised a single sampling period of three days
to collect fish from four locations at LL, which were selected in areas of LL that appeared likely
to have suitable fish habitat. Sampling, by experienced ELA aquatic ecologists, occurred
between 8 and 10 July 2015. A total of eight fish comprising three species were collected using
a range of potential survey techniques, including fyke netting and angling during sampling at
LL. Anguilla reinhardtii (long-finned eel) were the most abundant species with five specimens
collected from two sampling locations (Sites A2 and A4). Both other species, two Anguilla
australis (short-finned eel) and a single Cyprinus carpio (European carp) were collected from
one sampling location (Site A1), (Ref.24).

ES notes that the edible species sampling programme completed, as required by the AGLM
Specification 2015, (Ref.3), was limited spatially and temporally and was never intended to be
an ecotoxicity study, but was undertaken purely an indication as to whether there may be
reason to consider that fish should not be consumed and whether additional investigation was
required. Due to these limitations, the sampling programme should only be considered a
screening assessment for the purposes of gaining a basic indication of potential human health
risk, due to consumption of edible aquatic species from LL, rather than a comprehensive
scientific study. As such, caution should be applied if seeking to draw more comprehensive
conclusions from the data collected.

ES notes that PFAS was not analysed as part of the Edible Aquatic Species assessment as PFAS
was not incorporated into the LL APECS at the time the Edible Aquatic Species assessment
occurred.
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6 Sampling Methodology

6.1 Sediment

Sediment sampling methods were in general accordance with relevant Australian Standards
and guidance documents including ANZECC/AMCANZ (2000) and the Handbook for Sediment
Quality Assessment (Simpson et al., 2005).

Sediment samples were collected using several surface (not diver-assisted) collection
techniques.

A manually-driven piston corer was used in water depths less than about 20 m and a small
gravity/piston corer in waters greater than about 20 m. A grab sampler was used where a low
volume of sediment was present or where shallow refusal of the manually-driven piston corer
was encountered.

To operate the piston corer, a core barrel (stainless steel, 50.8 or 76.2 mm OD) was manually
pushed into the sediment with the piston remaining at bed level to create a partial vacuum and
draw sediment into the barrel. The core barrel was then lifted onto the vessel (a 5 m aluminium
self-bailing purpose-built boat) and separated from the coring device.

The gravity/piston corer is an effective device that uses its own mass to penetrate into the
sediment and collect a sample. The use of a piston and refined sampling techniques means that
samples are collected and retained without loss of easily re-suspended surficial layers of
sediment. This method is very commonly used in sediment sampling.

At locations where sediment was not present in sufficient thickness to collect an adequate
volume of sample for analysis more than one core was collected and composited to provide a
representative sample of sediment at each location. Where sediment was not present in
sufficient thickness to be able to be collected with the piston or gravity corer (locations SD15,
SD19, SD20, SD21, SD22,SD23, SD24; SD26, SD27, and SD28), sediment samples were collected
with a stainless-steel grab sampler.

Single-use, disposable nitrile gloves were used by ES personnel during sampling, and were
replaced between each sampling location. Samples were subdivided with one part being put
into snap-lock plastic bags for screening with the PID and the other being placed into a
laboratory prepared 250 mL glass jar with Teflon® lined lids. Jars were completely filled to
minimise headspace and potential loss of volatiles. Each jar was labelled with a unique
identifier using a permanent marker in accordance with the nomenclature in Vol. 7 SAQP.

Excess sediment was collected, stored and disposed in a dedicated waste skip located within
the BPS.

ES notes that PFAS was not originally specified as a CoPC for the purposes of the LL APECS at
the start of the assessment. Analysis of PFAS was only completed after further information was
provided by AGLM regarding the use and storage of AFFF at LPS and BPS.

Analysis of PFAS in sediment and surface water samples from within LL was completed from
near shore sampling locations only. Refer to Section 11.5.9 for discussion of PFAS detections
above the LOR within near shore sampling locations, which were collected after the Western
Australia Department of Environment Regulation (WA DER, February 2016) Interim guideline
on the assessment and management of perfluoroalkyl and polyfluroalkyl substances (Ref.35)
was issued.
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All samples in which PFAS was detected above the LOR were collected in accordance with the
AGLM APECS SAQP Vol. 7 and therefore also in accordance with the WA DER guidance,
including the use of containers without Teflon lined lids.

The use of Teflon lined lids, and other sampling procedures for the CoPC listed in Section 3.3
was considered by ES to be appropriate for the analysis of other CoPC from within LL.

6.2 Surface Water

LL water samples were collected using Wildco™ Beta horizontal water sampler deployed from
the vessel. This method allows for the collection of discrete samples from target depths. The
sampler was lowered to the required depths, within 0.3 m above the lake bed, and triggered
by a weight that slid down the retrieval line.

Collection of re-suspended sediment was mitigated by waiting for sediment to settle before
triggering the sampler and closing the tube.

Single-use, disposable nitrile gloves were used by ES personnel during sampling, and were
replaced between, each sampling location. Samples were placed into laboratory prepared
bottles, preserved as required. Bottles were completely filled to minimise headspace and
potential loss of volatiles. Each bottle was labelled with a unique identifier using a permanent
marker in accordance with the nomenclature in Vol. 7 SAQP.

6.3 Edible Aquatic Species

NSW Fisheries were notified of the intention to sample the aquatic species, as required by ELA’s
Scientific Collection Permit.

Edible aquatic species were targeted for collection from four locations at LL using a range of
survey techniques, including fyke netting and angling. All samples collected were caught using
fyke netting.

Physico-chemical variables (dissolved oxygen, pH, electrical conductivity, and temperature)
were measured at each of the edible aquatic species survey locations, and the location of
sampling areas determined using GPS.

Samples were chilled or frozen prior to freighting by courier to the NATA accredited laboratory
Advanced Analytical Australia for analysis.

Animals collected were humanely euthanized and prepared on in the field for dispatch
following the methods specified in Metal contamination of major NSW fish species available
for human consumption (NSW Health 2001). Fillets weighing a minimum of 100 g were
couriered in either a chilled or frozen state. Fish carcasses were disposed of responsibly in the
field so that they did not attract scavengers.

6.4 Preservation of Custody and Samples

All sample containers were completely filled to eliminate headspace and minimise the loss of
volatile compounds.

Appropriately preserved laboratory prepared sample containers were used for all sediment and
water analysis.

Sample preservation was undertaken in accordance with NEPM (2013) with samples
immediately stored in an ice-filled cooler box, prior to being couriered to the laboratory with
the signed chain of custody form filled out with the required analysis.
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6.5 Decontamination Procedures Carried out Between Sampling Events

Between sampling locations, the reusable sediment sampling equipment was dismantled,
brushed clean and rinsed thoroughly with lake water and inspected prior to reuse to ensure no
visible sediment was apparent. Considering the sampling methodology adopted and the setting
of LL, ES consider this to be a suitable method of decontamination.

6.6 Chain of Custody Details

Samples were transported to the laboratory under a chain of custody (CoC). Information on the
CoC included the sampler, sample identifier, sample matrix, collection date, analyses to be
performed, sample preservation method, sample release date and sample received date. COCs
are provided in Appendix | with the respective laboratory certificates.
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7 Laboratory Analysis of Chemicals of Potential Concern
(CoPC)

The following CoPC shown in Table 7-1 were analysed as part of the sediment assessment for
LL:

Table 7-1: CoPC - LL

Location Sample No. of Analysis

Type and Primary
Number Samples
LL Sediment LL 31 49 Trace Metals and metalloids;
locations TRH;
BTEX;
PAHs;
VOCs; and
TOC
Surface LL 26 50 Trace Metals and metalloids;
water locations TRH;
BTEX;
PAHs;
VOCs;
Salinity; and
Nutrients
Edible LL 4 locations 8 Trace Metals and metalloids;
aquatic TRH;
species BTEX;
PAHs; and
VOCs
Near Shore Sediment Refer to 32 37 Trace Metals and metalloids;
AEC Section 11.1 for  locations TRH;
list of AECs BTEX;
PAHs;
VOCs; and

TOC
As above plus:
MAHs;
Phenols;
Chlorinated Hydrocarbons;
Halogenated Hydrocarbons;
Polychlorinated Biphenyls (PCBs); and
Solvents.
Near Shore Surface Refer to 36 36 Trace Metals and metalloids;
AEC Water Section 11.1 for  locations TRH;
list of AECs BTEX;
PAHs;
VOCs — selected samples only
Salinity;
PFAS; and
Nutrients
Near shore Sediment Eastern and 6 Locations 6 Trace metals and metalloids;
discharge northern shore TRH;
Locations of the LPS BTEX;
PAHs;
VOCs;
Salinity;
pH;
Nutrients;
PFAS;
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Location Sample No. of Analysis

Type and Primary
Number Samples

Ferric Chloride;
Sodium Hydroxide; and

TOC
Near shore Surface Eastern and 6 Locations 8 Trace metals and metalloids;
discharge Water northern shore LL; TRH;
Locations of the LPS plus 2 BTEX;
locations PAHs;
proximal VOCs;
AEC 95; Salinity;
pH;
Nutrients;
PFAS;

Ferric Chloride; and
Sodium Hydroxide

2 As above plus
plus 2 Ammonia;
locations MAHS;
north of Phenols;
LPS, Chlorinated Hydrocarbons;
adjacent Halogenated Hydrocarbons;
firefighting Halogenated Benzenes; and
area Solvents.

8 Quality Assurance and Quality Control (QA/QC)

DQl outcomes expressed in terms of Precision, Accuracy, Representativeness; Comparability,
Completeness and Sensitivity (PARCCS) for the LL APECS have been reviewed in detail taking
into account application, frequency, acceptance criteria, and assessment. The full review of the
PARCCS outcomes achieved for the LL APECS in terms of these review parameters is provided
in Appendix J.

For the purposes of clarity, the statements of PARCCS outcomes within the limitations
discussed in Appendix J, have also been provided below.

8.1 Summary of Field PARCCS Outcomes
The following section summaries the assessment of the field QA/QC for the LL APECS.
Records of QA/QC samples collected are provided in Appendix D, G and H.
Refer to Appendix J for further details on the following items:

= Relative Percent Difference (RPD) Calculations;
=  Field Blanks results;

=  Trip Blank results; and

=  Trip Spike results.

8.1.1 Statement of Field Data Precision

ES have reviewed the precision of the field investigation to determine its reliability for the
purposes of the investigation in terms of:

= Appropriate SOPs being used and complied with;
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= Experienced samplers being used;

= All critical samples being collected;

= Field documentation was used and was reviewed as being reliable;

= Climatic conditions were suitable for collection of reliable samples;

=  Appropriate environmental media were sampled;

= Field instrumentation, PID, interface probe, and water quality meter, were calibrated and
were in good operating condition.

Full details of the assessment of the precision of the field operations is presented in Appendix
J.

ES have relied on the precision of the field investigation when making conclusions pertaining
to the objectives of the LL APECS.

8.1.2 Statement of Field Data Accuracy

ES have reviewed the accuracy of the field investigation to determine its reliability for the
purposes of the investigation in terms of:

= Standard Operating Procedures (SOPs) being appropriate and complied with.

Full details of the assessment of the accuracy of the field operations is presented in Appendix
J.

ES have relied on the accuracy of the field investigation when making conclusions pertaining to
the objectives of the LL APECS.

8.1.3 Statement of Field Data Representativeness

ES have reviewed the representativeness of the field investigation to determine its reliability
for the purposes of the investigation in terms of:

=  Appropriate media sampled according to SAQP; and
=  All media identified in SAQP sampled.

Full details of the assessment of the representativeness of the field operations is presented in
Appendix J.

ES have relied on the representativeness of the field investigation when making conclusions
pertaining to the objectives of the LL APECS.

8.1.4 Statement of Field Data Comparability

ES have reviewed the comparability of the field investigation to determine its reliability for the
purposes of the investigation in terms of:

= Same SOPs used on each occasion;

= Experienced samplers used;

= Climatic conditions were suitable for collection of reliable samples; and
= Appropriate environmental media were sampled.

Full details of the assessment of the comparability of the field operations is presented in
Appendix J.

ES have relied on the comparability of the field investigation when making conclusions
pertaining to the objectives of the LL APECS.
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8.1.5 Statement of Field Data Completeness

ES have reviewed the completeness of the field investigation to determine its reliability for the
purposes of the investigation in terms of:

= All critical locations sampled;

= All samples collected,;

= SOPs were appropriate and complied with;
=  Experienced samplers used; and

= Correct documentation

Full details of the assessment of the completeness of the field operations is presented in
Appendix J.

ES have relied on the completeness of the field investigation when making conclusions
pertaining to the objectives of the LL APECS.

8.1.6 Statement of Field Data Sensitivity

ES considers the sensitivity of the field investigation to be reliable for the purposes of the
investigation, and have relied on the sensitivity of the field investigation when making
conclusions pertaining to the objectives of the LL APECS.

8.2 Field PARCCS Compliance

Based on the discussion provided above ES considers the QA/QC of the field investigation, as
assessed against the PARCCS parameters, to be reliable and without bias, and have relied on
the QA/QC of the field investigation when making conclusions pertaining to the objectives of
the LL APECS.

8.3 Summary of Laboratory PARCCS Outcomes

The following section provides an overall comment of each item of the PARCCS review. Refer
to Appendix J for tabulated PARCCS review and discussion of the implications of non-
compliances with the DQ.

8.3.1 Statement of Laboratory Precision

ES have reviewed the precision of the laboratory investigation to determine its reliability for
the purposes of the investigation in terms of analysis of:

= Intra laboratory duplicates;
= Inter-laboratory duplicates; and
= Laboratory prepared volatile trip spikes.

Full details of the assessment of the precision of the laboratory investigation is presented in
Appendix J.

ES considers the precision of the laboratory analyses to be reliable and without bias. Based on
the discussion provided in Appendix J, exceptions reported to the laboratory precision DQls
are not considered likely to have had a systemic impact on the overall precision of laboratory
results.

As a result, ES have relied on the precision of the laboratory data when making conclusions
pertaining to the objectives of the LL APECS.
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8.3.2 Statement of Laboratory Accuracy

ES have reviewed the accuracy of the laboratory investigation to determine its reliability for
the purposes of the investigation in terms of analysis of:

= fijeld blanks;

= rinsate blanks;

= reagent blanks;

= method blanks;

= matrix spikes;

= matrix spikes;

= surrogate spikes;

= reference materials;

= laboratory control samples; and
= |aboratory-prepared spikes.

Full details of the assessment of the accuracy of the laboratory investigation is presented in
Appendix J.

ES considers the accuracy of the laboratory analyses to be reliable and without bias. Based on
the discussion provided in Appendix J, exceptions reported to the laboratory accuracy DQls
are not considered likely to have had a systemic impact on the overall accuracy of laboratory
results.

As a result, ES have relied on the accuracy of the laboratory data when making conclusions
pertaining to the objectives of the LL APECS.

8.3.3 Statement of Laboratory Representativeness

ES have reviewed the representativeness of the laboratory investigation to determine its
reliability for the purposes of the investigation in terms of:

= All samples analysed in accordance with the SAQP (Volume 7 of 7).

Full details of the assessment of the representativeness of the laboratory investigation is
presented in Appendix J.

ES considers the representativeness of the laboratory analyses to be reliable and without
bias. Based on the discussion provided in Appendix J, exceptions reported to the laboratory
representativeness DQIs are not considered likely to have had a systemic impact on the
overall representativeness of laboratory results.

As a result, ES have relied on the representativeness of the laboratory data when making
conclusions pertaining to the objectives of the LL APECS.

8.3.4 Statement of Laboratory Comparability

ES have reviewed the comparability of the laboratory investigation to determine its reliability
for the purposes of the investigation in terms of:

= Sample analytical methods used;
=  Sample Limit of reporting (LOR);
= Consistent laboratories; and

= Consistent units.

Full details of the assessment of the comparability of the laboratory investigation is presented
in Appendix J.
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ES considers the comparability of the laboratory analyses to be reliable and without bias.
Based on the discussion provided in Appendix J, exceptions reported to the laboratory
comparability DQls are not considered likely to have had a systemic impact on the overall
comparability of laboratory results.

As a result, ES have relied on the comparability of the laboratory data when making
conclusions pertaining to the objectives of the LL APECS.

8.3.5 Statement of Laboratory Completeness

ES have reviewed the completeness of the laboratory investigation to determine its reliability
for the purposes of the investigation in terms of analysis of:

= All critical samples analysed according to SAQP;
= All analytes analysed according to SAQP;

=  Appropriate methods and LORs;

=  Sample documentation complete; and

= Sample holding times complied with.

Full details of the assessment of the completeness of the laboratory investigation are presented
in Appendix J.

ES considers the completeness of the laboratory analyses to be reliable and without bias.
Based on the discussion provided in Appendix J, exceptions reported to the laboratory
completeness DQlIs are not considered likely to have had a systemic impact on the overall
completeness of laboratory results.

As a result, ES have relied on the completeness of the laboratory data when making
conclusions pertaining to the objectives of the LL APECS.

8.3.6 Statement of Laboratory Sensitivity

ES considers the precision of the laboratory analyses to be reliable and without bias and have
relied on the sensitivity of the laboratory data when making conclusions pertaining to the
objectives of the LL APECS.

8.4 Laboratory PARCCS Compliance

Based on the discussion provided above ES considers the QA/QC of the laboratory investigation
as assessed against the PARCCS parameters, to be reliable and without bias, and have relied on
the QA/QC of the laboratory investigation when making conclusions pertaining to the
objectives of the LL APECS.

8.5 ERM PARCCS Compliance

The ERM LL sampling results were assessed by ERM in terms of PARCCS. ES notes that ERM
included the PARCCS assessment of the LL investigation within their BPS report. As a result,
ES’ PARCCS review of the ERM LL works is provided in Vol. 2 BPS APECS.
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9 Field Observations

The following section documents field observations for sediment, surface water and edible
aquatic species encountered during the fieldwork for the LL APECS. Sediment logs are included
in Appendix E.

9.1 Field Observations - Sediment
Manually recorded sediment field observations are included in Appendix G.

ES notes that hydrocarbon odours were observed in the following locations:

= SD3-0.25-0.32 m Hydrocarbon odour; and
= SD7-0.07 to 1.05m Hydrocarbon odour. Sheen on core at 1.0m.

SD3 and SD7 reported concentrations of TRH (Cs-Cs0) of 1810 and 2610 mg/kg respectively,
which are consistent with field observations.

ES notes that coal was observed in the following locations:

= SD4-0.47 to 0.57 m coal pieces;
= SD12-0.0to 0.5 m coal fragments; and
= SD21-0.0to 0.03 m coal fragments.

SD4 and SD12 were located proximal to the LPS Coal Stockpile Area (AEC 138) and the Outfall
Canal (AEC 90), respectively. Given the location of SD4 and SD12, it is likely that the coal
identified in these locations is related to the operations on the LPS and is considered to be a
form of pollution, in accordance with the definitions provided in Section 1.

SD21 was located approximately 500 m off the south-eastern shore of the LPS in an area not
known to discharge from the LPS into LL. ES cannot comment if this coal was sourced from the
LPS.

Twenty-three sediment sampling locations reported a “Soil Odour” on the borelogs. This was
described by the field staff responsible for logging sediment cores as consisting “of a low
intensity odour of natural origin with no identifiable foreign odours or detectable biological
processes occurring”.

9.2 Field Observations — Surface Water

Manually-recorded field records of surface water sampling are included in Appendix G.

9.2.1 Field Observations — Edible Aquatic Species

Full details of observations made during the edible aquatic species sampling event are provided
in the ELA assessment report (Ref.24), Appendix L.

10 Analytical Results

This section summarises the reported analytical results for samples collected within LL.
Discussion of near shore AEC LL, and LPS discharge point results are presented in Section 11.1.
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10.1 Sediment Analytical Results

Results of sediment analyses are summarised in the following Sections.

Copies of laboratory certificates of analyses are included in Appendix I.

Results tables for all sediment analyses with comparison to the SDAC are provided in Appendix
D.

10.1.1 Trace Metals and Metalloids

A summary of the reported trace metal analytical results are outlined below:

As: concentrations ranged between 2 and 24 mg/kg;

B: concentrations ranged between <5 and 38 mg/kg;

Cd: concentrations ranged between <0.3 and 0.4 mg/kg;

Cr Total: concentrations ranged between 1.4 and 26 mg/kg;
Cu: concentrations ranged between 2.5 and 350 mg/kg;

Pb: concentrations ranged between 4 and 20 mg/kg;

Hg: concentrations ranged between <0.01 and <0.05 mg/kg;
Ni: concentrations ranged between 2.5 and 41 mg/kg;

Se: concentrations ranged between<3 and 20 mg/kg; and
Zn: concentrations ranged between 5.8 and 130 mg/kg.

Further comparison of trace metals concentrations to the SDAC is provided in Section 11.2.1.

With the exception of B, Cd, Hg, and Se, all trace metals sediment samples were reported in
concentrations above the LOR in all sediment samples collected from LL. See below for a brief
summary of the lateral and vertical distribution of the trace metals within LL sediments.

Table 10-1: Summary of lateral and vertical distribution of the trace metals within LL

sediments

Analyte _ Lateral Distribution Vertical Distribution

As Reported in concentration >LOR in  The highest concentrations of As
all samples collected from LL. (ranging from20 to 24 mg/kg) are
Highest concentrations (between 20 located within sediment described
and 24 mg/kg) were reported in as ‘MUD’ or ‘muddy SAND’, and are
samples collected across LL. located within the surficial sediment
Lowest concentrations of As, were layer encountered (between 0-0.26
generally reported in samples m).
collected within 300 m of the LPS Concentrations of As ranging from 2
eastern shore. to 18 mg/kg were reported from

depths >0.15m.
B 26/49 sediment samples reported The highest concentrations of Boron

concentrations of Boron <LOR.
Boron (B) was detected in sediment
samples collected from samples
collected across LL.

The highest concentration reported
was at SD7 (38 mg/kg). SD7 is
located along the eastern shore of
LPS near a discharge point.
Concentrations generally decrease
with distance from LPS.

(ranging from 12 to 38 mg/kg) are
located within sediment described

as ‘MUD’.
The highest concentration SD7
(0.15-0.25) was collected from

material described as ‘MUD’ and was
located in sediment underlying the
surficial sediment layer. The sample
collected from SD7 (0-0.06) reported
concentrations of B <LOR.

The remaining concentrations >LOR
were reported within the surficial
sediment layer.
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Cd

Lateral Distribution

Cd was reported in concentrations
>LOR in six samples collected from
LL.

These detections of Cd were located
within the southern, and western
areas of LL, with the highest
concentration reported at SD3,
SD23, and SD24 of 0.4 mg/kg.

Vertical Distribution

The highest concentrations of Cd
>LOR are generally located within
sediment described as ‘MUD’ or
‘muddy SAND’, and were located
within the surficial sediment layer
encountered (with the exception of
SD3 which was collected from the
layer of material underlying the
surficial sediment.

The surficial sediment layer at SD3
reported concentrations of Cd <LOR

Cr Total

Cr Total was reported in
concentration >LOR in all samples
collected from LL.

The highest concentrations of Cr
Total (between 20 and 26 mg/kg)
were located within the southern,
and western areas of LL, with the
highest concentrations of SD23 (26
mg/kg) and SD24 / SD11 (24 mg /kg).

The highest concentrations of Cr
Total (between 20 and 26 mg/kg)
were collected in material described
as ‘MUD’, and were located within
the surficial sediment layer.

Cu

Cu was reported in concentration
>LOR in all samples collected from
LL.

The highest concentrations of Cu
were located on the western portion
of LL, on either the eastern side
(SD10) or the north-western side
(SD17) of the LPS.

The samples with the highest
concentrations of Cu (between 350
and 120 mg/kg) were collected in
material described as ‘MUD’, and
were located within the surficial
sediment layer.

Pb

Pb was reported in concentration
>LOR in all samples collected from
LL. Concentrations ranged between
4 to 20 mg/kg.

The samples with the highest
concentrations of Pb (between 20
and 15mg/kg) were collected in
material described as ‘MUD’, and
were generally located within the
surficial sediment layer.

Hg

Hg was reported in concentrations
>LOR in 45/49 sediment samples.
Additional near shore sediment
sample collected in October 2016,
was analysed with a higher LOR than
the previous LL sediment samples
(<0.05 mg/kg compared to <0.01
mg/kg).

The highest concentrations of Hg
were generally collected in samples
along the eastern, western and
southern shores of the LPS.

The samples with the highest
concentrations of Hg (between 1.4
and 0.15 mg/kg) were collected in
material generally described as
‘MUD’, and generally from within
the surficial sediment layer.

Ni

Ni was reported in concentration
>LOR in all samples collected from
LL. Concentrations ranged between
2.5 mg/kg to 41 mg/ke.

The highest concentrations of Ni
(between and 31 mg/kg) were
located >700 m from the LPS

The samples with the highest
concentrations of Ni (between 41
and 31 mg/kg) were collected in
material generally described as
‘MUD’, from within the surficial
sediment layer.

Se

Se was reported in concentrations
>LOR in 23/49 of the sediment
samples collected from LL.

These detections of Se were
generally located around the
northern, western and southern
shore of the LPS. Locations along

Se was found to be vertically
distributed within sediments
described as ‘MUD’, ‘muddy SAND’,
or ‘SAND’.

With the exception of SD3 and SD7,
all other samples, which reported
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Lateral Distribution

northern and the eastern portions of
LL also reported concentrations of Se
>LOR.

Vertical Distribution
concentrations of Se >LOR, were
collected from surficial sediment.

Zn

Zn was reported in concentration
>LOR in all samples collected from
LL. Concentrations ranged between

The samples with the highest
concentrations of Zn (between 130
and 96 mg/kg) were collected in

5.8 to 130 mg/kg. material generally described as
‘MUD’, from within the surficial
sediment layer.

Summary results of metals in sediments are presented in Table 1, Appendix D.

10.1.2 TRH

Concentrations of TRH Cs-Cao (not normalised to 1% TOC) in LL sediment samples submitted for
analysis exceeded the LOR (230 mg/kg) in 20 of 47 of the samples analysed. Further discussion
of the TOC normalised results is presented in Section 11.2.4. See below a summary of the
hydrocarbon chain ranges reported by the primary laboratory:

= TRH C¢-Co- maximum concentration <LOR (20 mg/kg);

= TRH >Cy0-Cy4- concentrations ranged from 21 to 320 mg/kg;

= TRH >C;5-Cas- concentrations ranged from 51 to 1800 mg/kg;

= TRH >Cys-C36- concentrations ranged from 54 to 510 mg/kg; and
" TRH >Cs37-C4o- maximum concentration <LOR (100 mg/kg).

The distribution of the TRH within LL sediments is described in the following table:
Table 10-2: Distribution of TRH within LL sediments

Analytes (not Lateral Distribution Vertical Distribution

normalised)
TRH 20 samples analysed for TRH reported Total The highest concentrations of TRH (Ce-Cso)
Petroleum  Hydrocarbons (Ce-Cs0) at (between 1110 to 2610 mg/kg) were found to be

concentrations above the LOR. vertically distributed within sediments described
The highest concentrations of TRH (Cs-Cs0) as ‘MUD’, ‘muddy SAND’, or ‘SAND’, between 0-
(between 2610to 1110 mg/kg) were located  0.32m below the lake bed.

within 300 m of the LPS shoreline.

Summary results of TRH in sediments are presented in Table 1, Appendix D.

TOC normalised TRH results are presented in Table 2, Appendix D and discussed in Section
11.2.4.

Refer to Figure 7, Appendix C, for distribution of TRH Cs-Cyo.

10.1.3 BTEX

Concentrations of BTEX in all LL sediment samples submitted for analysis were reported below
the LOR (0.1 mg/kg).

Summary results of BTEX in sediments are presented in Table 1, Appendix D.

10.1.4 VOCs

Concentrations of VOCs in all LL sediment samples submitted for analysis were reported below
the LOR (0.1 mg/kg).

Summary results of VOCs in sediments are presented in Table 1, Appendix D.
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10.1.5 PFAS

Concentrations of PFAS in LL sediment samples submitted for analysis were reported below the
LOR, with the exception of one location sampled adjacent the Northern Peninsula (0.0012
mg/kg; L_P_ESSDO1).

10.1.6 PAHs

See below a summary of the total PAHs reported by the primary laboratory:

= Low molecular weight PAHs —
0 Naphthalene

Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

= concentrations ranged from 0.7 to 8.2 mg/kg;
= High molecular weight PAHs —
Pyrene
Benz[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Dibenz[a,h]anthracene
Benzo[ghi]perylene
Indeno[1,2,3-cd]pyrene

= concentrations ranged from 0.6 to 6 mg/kg; and
= Total PAHSs - concentrations ranged from <0.8 to 14 mg/kg.

O O0OO0OO0OO0O0o

o

O O0OO0OO0OO0OO0OO0ODOo

The distributions of Total PAHs within LL sediments is described in the following table:
Table 10-3: Distributions of Total PAHS within sediments

Analytes (not Lateral Distribution Vertical Distribution

normalised)
Total PAHs

Concentrations of Total PAHs >LOR were found
to be vertically distributed within sediments

18 samples analysed for Total PAHs
reported concentrations >LOR.

The 18 samples were collected from
sediment within the western and
southern portions of LL.

The sediment samples with the highest
concentrations (between 7 and 8.5
mg/kg) Total PAHs were located off the
southern shore of LL.

described as ‘MUD’, ‘muddy SAND’, or ‘SAND’.
With the exception of SD3 and SD7, all
sediments samples with reported total PAHs
concentrations >LOR, were collected from
surficial sediment or from material underlying
the surficial sediment, where the surficial
sediment was also >LOR,

TOC normalised PAH results are presented in Table 2, Appendix D and discussed in Section

11.2.3.

Refer to Figures 8 to Figure 10, Appendix C, for distributions of Low and High Molecular weight

PAHs and total PAHs.
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10.1.7 Other CoPC

Concentrations of other CoPCin the LL sediment samples, submitted for analysis were reported
below the respective LOR:

e [MAH;
e Phenols;
e PCBs;

e Chlorinated Hydrocarbons;
e Halogenated Hydrocarbons; and
e Solvents.

10.2 Surface Water Analytical Results

The following discussion summarises analytical results for surface water samples collected
from LL.

Copies of laboratory certificates of analyses are included in Appendix I.

Results tables for all sediment analyses with comparison to the SWAC are provided in Appendix
D.

10.2.1 Trace Metals

A summary of the reported trace metal analytical results in surface water samples are outlined
below:

= As: concentrations ranged between 3-4 pg/L (not filtered) and 1-4 ug/L (filtered);

= B:concentrations ranged between 870-980ug/L (not filtered) and 360-920ug/L (filtered);
=  Cd: concentrations ranged between <0.1-0.2 ug/L (not filtered) and <0.1-0.1 pg/L (filtered);
= Cr Total: non-filtered and filtered concentrations were reported below the LOR of 1 pg/L;
= Cu: concentrations ranged between 4-11 pg/L (not filtered) and 2-36 pg/L (filtered);

= Pb: non-filtered and filtered concentrations were reported below the LOR of 1 pg/L;

= Hg: concentrations ranged between <0.05 pg/L (not filtered) and <0.05-0.1 pg/L (filtered);
= Ni: concentrations ranged between 4-6 pug/L (not filtered) and 2-5 pg/L (filtered);

= Se: concentrations ranged between 2-3 pg/L (not filtered) and 1-3 pg/L (filtered); and

= Zn: concentrations ranged between <5 -50 ug/L (not filtered) and <5-560 pg/L (filtered).

Further comparison of trace metals concentrations to the SWAC is provided in Section 12.3.1

10.2.2 TRH

Concentrations of TRH in all LL surface water samples submitted for analysis were reported
below the LOR (0.04-0.65 mg/L).

10.2.3 BTEX

Concentrations of BTEX in all LL surface water samples submitted for analysis were reported
below the LOR (0.5-3 pg/L).

10.2.4 VOCs

Concentrations of VOCs in all LL surface water samples submitted for analysis were reported
below the LOR (0.5-100 pg/L).
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10.2.5 PAHs

Concentrations of PAHs in all LL surface water samples submitted for analysis were reported
below the LOR (0.01-0.02 pg/L).

10.2.6 PFAS

PFOS was detected above the LOR in one of the two surface water samples collected from LL
in October 2016 (L_P_ESSWO01, 0.13 pg/L). Concentrations of all other PFAS were reported
below the LOR. PFOS was detected in a concentration equal to the SWAC for Ecological
Protection (95% Species - Moderately Disturbed); WA Interim PFAS Guidelines 2016: 0.13 pg/L
(L_P_ESSWO01).

10.2.7 Salinity
Concentrations of salinity varied between 780 (SWO07 - 1.0) and 1600 mg/L (SWO08- 5.6).

Further comparison of Salinity to the SWAC is provided in Section 11.3.6.

10.2.8 Ammonia
Concentrations of Ammonia (NH,4) ranged from 10 and 100 pg/L.

Further comparison of NH4 concentrations to the SWAC is provided in Section 11.3.7.

10.2.9 Other CoPC

Concentrations of other CoPC in the surface water samples collected between LL and LPS in
October 2016 were reported below the LOR:

= MAH;
=  Phenols;
= PCBs;

=  Chlorinated Hydrocarbons;
= Halogenated Hydrocarbons;
= Halogentated Benzenes; and
=  Solvents.

10.3 Edible Aquatic Species

Full details of observations made during the edible aquatic species sampling programme are
provided in the ELA report (Ref.24), Appendix L. Conclusions of the ELA Edible Aquatic Species
report are summarised below:

‘Sampling at LL collected eight fish from three different species. All fish were
greater than 10 months old and would have been alive on 2 September 2014,
when the Liddell and BPSs were purchased by AGL Macquarie. All fish had
concentrations of selenium that exceeded the maximum recommended
concentration set by Food Standards Australia and New Zealand. All other
contaminants that were tested were below maximum recommended
concentrations, or did not had a maximum recommended concentration listed
by Food Standards Australia and New Zealand.

The species collected were good indicators of toxin accumulation in fish, as they
ate a wide range of food and would have absorbed toxins via several vectors,
including through gill membranes and ingestion. Longfinned eels are slow
growing, and likely to have been absorbing toxins from LL for up to 20 years
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prior to purchase. The fish collected are likely to be good representatives of the
LL fish community.’

ES consider that the findings of the edible aquatic species sampling programme remain
pertinent to the overall LL APECS as, while recreational use of Lake Liddell is currently
not permitted, it may potentially be re-opened for recreational use at sometime in the
future.

ES notes that PFAS was not analysed as part of the Edible Aquatic Species assessment
as PFAS was not incorporated into the LL APECS at the time the Edible Aquatic Species
assessment occurred.
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11 Discussion of Results

11.1 Near-Shore AEC LL Sampling Locations

As a component of the AEC investigations at the LPS or BPS, a total of 32 sediment and 36
surface water samples were collected (from either LL or from tributaries near to discharge
points into LL). Analysis of these samples is discussed in Section 11.4.

11.1.1 Near-shore AEC LL sampling locations

ES completed surface water and sediment sampling in the following locations which are
considered likely to be transporting sediments and/or surface water into LL:

= Tinkers Creek (AEC 143); = Drainage line Chilcotts Creek (AEC 78);
=  Dump Valve Dam (AEC 109); = Old Coal Stockpile Area (AEC 79);

=  Seepage from Ash Dam (AEC 111); =  Western Holding Pond (AEC 137);

= Creek from Skimmer Dam (AEC 112); = LPS Coal Stockpile Area (AEC 138);

=  Skimmer Dam (AEC 113); = Qutfall Canal (AEC 90);

= Antiene - Basin 3 (AEC 67); = Solar Plant Discharge (AEC 129);

= Antiene Rail Loop (AEC 74); = Chemical Drain Outfall (AEC 94);

= Cullen Gully (AEC 77); = Interceptor Pits (AEC 95); and

= Drainage from Stockpile (AEC 140); Oil and Grit Trap (AEC 99).

Surface water concentrations of CoPC reported in the above AECs are considered by ES to be
indicators of concentrations entering LL. Discharges from LPS and BPS, rainfall, flow rates, and
other variables are likely to affect the concentrations of CoPC entering LL at any given time.

ES has not discussed the potential migration of reported sediment concentrations into LL from
the above AECs, as no assessment has been made to define the sediment transport from these
AECs to LL.

Refer to Section 11.4 for discussion of the concentrations of surface water within these AEC
with a comparison to the LL results.

Sediment and surface water results, collected from the near shore AEC LL locations, are
provided in Appendix D.

11.1.2 Near-shore LL discharge point sampling locations

Six additional surface water and sediment samples were collected in January 2016 from LL
Discharge Point locations within LL. Two additional samples were collected between discharge
points 2 (Sediment and Interceptor Pit Overflow) and Discharge Point 3 (Chemical Drain) within
LL.

The six (6) surface water locations within LL were collected from discharge locations reported
to ES by AGLM in November 2015. These discharge locations were located on the eastern and
northern shore of the LPS, and discharge directly into LL. The remaining two locations were
collected from the shore of LL proximal to identified fire-fighting training locations on LPS (AEC
95).

The CoPC for these samples were extended to include the following analytes based on
information provided by AGLM in November 2015:

=  PFAS sourced from AFFF;
=  Ferric Chloride — LL only;
=  Ammonia —LL only; and
=  Caustic acid — LL only.

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0



Two further surface water and sediment samples were collected from two locations in October
2016. The locations were both near shore LL samples and were collected from the eastern side
of the peninsula directly north of LPS (Northern Peninsula). This area was targeted for further
investigation when it was made known to ES by AGLM operation staff that the area had
historically been used for firefighting training. The CoPC investigated during this sampling are
listed in Section 3.3. Most critically. the samples were analysed for an expanded PFAS suite
specifically to investigate the impacts of the historical use of AFFF on the Northern Peninsula.

Refer to Section 11.5 for discussion of the sediment and surface water results (respectively) for
the near-shore LL discharge sampling locations.

Sediment and surface water sample results, collected from the near shore LPS discharge points,
are provided in Appendix D.

Refer to Figure 6 for the near shore LL discharge sampling locations.

The following table describes the near shore AEC sampling locations from which ES collected
sediment and surface water samples:

Table 11-1: Descriptions of near shore AEC sampling locations

Discharge Point Description

Creek from Skimmer Dam (AEC 112) “LIDDELL ASH DAM SKIMMER DAM OVERFLOW”

Seepage from Ash Dam (AEC 111) “LIDDELL ASH DAM SEEPAGE OUTFLOW”

Tinkers Creek (AEC 143) “LIDDELL TINKERS CREEK”.

Outfall Canal (AEC 90) “LIDDELL COOLING WATER OUTFALL CANAL”

LPS Coal Stockpile Area (AEC 138) “LIDDELL MAIN STOCKPILE DRAIN WESTERN (STACKER) END”
Western Holding Pond (AEC 137) “LIDDELL MAIN STOCKPILE DRAIN WESTERN POND".
Northern Peninsula Firefighting training area immediately north of AEC 105.

Refer to Sections 11.5.1 to 11.5.10 for discussion of the sediment and surface water from LL
near shore AEC locations.

11.1.3 LPS Discharge Locations
The following six discharge points were sampled by ES in January 2016:

Table 11-2: Discharge Points Sampled by ES

Discharge Point Description Use
1. Stormwater Drain 1 Liddell Overflow From North End of Site Stormwater overflow collecting surface
DP 1022827 runoff from northern end of Station

including  Flammable Goods Store,
Electrical Workshop and associated adjoin
areas. Main flow is directed to the Silt and

Grit Trap
2. Stormwater Drain 2 Liddell Overflow From North End of Site As above.
DP 1022827
3. Oil and Grit Trap discharge  Liddell Silt and Grit Trap Outlet Discharges water from the AEC 99 (Oil and
point DP 1022827 Grit Trap) after it passes through skimmer
systems and an under over weir system.
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Discharge Point Description Use

4. Chemical Drain Liddell Demin Plant Outlet to LL Outlet for the demineralisation plant.
DP 1022827 Acidic and alkaline water flows from the
water softening back flush into LL.

5. Solar Plant Drain - AGLM informed ES that discharge point 5
(Solar Plant Drain) did not discharge
chemicals to LL

6. Sediment and Interceptor  Liddell Intermediate Drain Pit and Pond Designed as a stormwater overflow drain
Pit Overflow DP 1022827 pond

Refer to Sections 11.5.1 to 11.5.10 for discussion of the sediment and surface water analytical
results reported from the six discharge points identified above.

11.2 LL Sediment Results

11.2.1 Trace Metals Results

Concentrations of Trace Metals and metalloids in all LL sediment samples submitted for analysis
were reported below the SDAC, with the exception of the following analytes:

= As: concentrations ranged between 2 and 24 mg/kg (SDAC = 20 mg/kg 1SQG-low);

= Nickel: concentrations varied between 2.5 and 41 mg/kg (SDAC 21 mg/kg I1SQG-low)

= Cu: concentrations ranged between 2.5 and 350 mg/kg (SDAC 65 mg/kg ISQG-low and 270
mg/kg ISQG-high); and

= Hg: concentrations ranged between <0.01 and 1.4 mg/kg (SDAC 0.15 mg/kg I1SQG-low and
1 mg/kg 1SQG-high)

Laboratory reports results are presented in Table 1, Appendix D.

Refer to Figures 6 to Figure 9, Appendix C, for distributions of Arsenic, Copper, Mercury and
Nickel above either the ISQG-low or ISQG-high.

11.2.2 TOC Normalisation

In conformance with the ANZECC/ARMCANZ (2000) guidance, PAH and TRH results have been
normalised to 1 % TOC for comparison to guideline values. Where PAH or TRH concentrations
were reported to be below LOR and were required to be normalised, ES adopted half the LOR
for these values. The reported VOC results were not normalised to TOC, as they were uniformly
reported at concentrations below the LOR.

The purpose of normalising the organic results to TOC is to estimate the bio-availability of the
reported organic (non-polar) compounds in the sediment. These normalised results are then
compared to the ISQG-Low and ISQG-High SDAC.

Reported concentrations of TOC ranged from 0.13 (SD23) to 53 % (SD4). In order to normalise
the organic compounds to TOC, a minimum TOC of 0.2 and maximum 10% were applied to TOC
values outside this range. TOCs exceeding 10 % are likely due to the presence of materials
described as “black carbon”, which is anthropogenic carbon commonly present in the form of
coal and ash.

The minimum and maximum laboratory reported TOC value were calculated to be as follows:

= Minimum reported TOC Concentration of 0.13 % (SD23) was calculated to be 0.2 % for the
purposes of TOC normalisation; and

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0



= Maximum reported TOC Concentration of 53 % (SD4) was calculated to be 10% for the
purposes of TOC normalisation.

Refer to Table 2, Appendix D, for a comparison between the laboratory reported TOC values
and the calculated values to which the organic material was normalised.

ES notes that the lower the TOC value used, the higher the reported concentration of the
organic analyte. Conversely, calculated TOC concentrations of less 1 %, indicating the presence
of low concentrations or organic carbon, that is known to bind contaminants, will increase the
reported laboratory concentration of organic material, whilst a calculated TOC concentration
greater than 1 % will decrease the laboratory reported concentration reported by the
laboratory.

The highest total concentration of total PAHs (14 mg/kg) was reported within SDO7 (0.15-
0.25m), which reported a TOC concentration of 24 %. The TOC normalised total PAH
concentration in SD0O7 (0.15-0.25m) was 1.4 mg/kg/TOC which is below the ISQG-Low criteria.

Refer to Table 2, Appendix D, for the normalised PAH and TRH results. Note that normalised
results have been compared to guidelines (where available) and units reported as mg/kg/TOC.
Refer to the Sections below for a discussion of the normalised PAH and TRH results.

ES notes that normalising organic compounds to TOC, whilst providing an indicator of the
availability of organic contaminants to the aquatic ecosystem, does not decrease the total
concentrations within the sediment. Total concentrations within sediments are required to be
assessed against specific criteria to determine the impact on human health via ingestion and
dermal contact. Organic compounds in LL sediments were compared to Health Investigation
Level C (Recreational) and Management Limits to determine the human exposure risk.

11.2.3 TOC Normalised PAH Results

Table 11-3 below summarises the TOC normalised PAH results for LL Sediments. Note that a
Standard Deviation (SD) and 95% Upper Confidence Limit (95% UCL) have been calculated for
a combination of all results regardless of sediment strata.

Table 11-3: TOC Normalised PAH results summary

SDAC No. Min Max SD 95% UCL
(mg/kg/ Samples (mg/kg/T  (mg/kg/T (mg/kg/T | (mg/kg/TOC)
TOC) >SDAC ocQ) 00) 0c)

Acenaphthene 0.016 | 24/46 0.005 0.32 0.0663 0.0825
0.5

Acenaphthylene 0.044 | 12/46 0.005 0.25 0.0522 0.0668
0.64

Anthracene 0.085 | 4/46 0.005 0.316 0.0662 0.0827
1.1

Benz(a)anthracene 0.261 | 2/46 0.005 . 0.35 0.339
1.6

Benzo(a) pyrene 0.43 | 1/46 0.005 0.5 0.0942 0.109
1.6

Chrysene 0.384 | 2/46 0.005 1.5 0.26 0.259
2.8

Dibenz(a,h)anthracen 0.063 | 6/46 0.005 0.25 0.0522 0.0668

e 0.26

Fluoranthene 0.6]51 2/46 0.005 4 0.69 0.655

Fluorene 0019 |  24/46 0.005 0.633 0.102 0.115
0.54

Naphthalene 0.16 | 2/46 0.005 0.250 0.052 0.0501
2.1
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SDAC No. Min Max SD 95% UCL

(mg/kg/  Samples (mg/kg/T  (mg/kg/T  (mg/kg/T | (mg/kg/TOC)

TOC) >SDAC (o]9)) (o]9)] (o]9))
Phenanthrene 0.24 | 3/46 0.005 0.429 0.419
1.5
Pyrene 0.665 | 2/46 0.005 0.52 0.495
2.6
Low molecular 0.55 | - 0.035 0.853 0.975
weight PAHs 3.16
High molecular 1.719.6 2/46 0.030 1.94 1.907
weight PAHs
Total PAHs 4| 45 2/46 0.040 18.0 3.262 3.195
Key

Yellow = Above SDAC ISQG-low

B8 - Above SDAC ISQG-high

Further statistical analysis of the TOC normalised PAH results for cohesive (predominantly clays
and muds) and non-cohesive sediments (predominantly sands and gravels) is provided in Table
11-14 and Table 11-15 respectively. Refer to Section 11.2.6 for further information on cohesive
and non-cohesive sediments.

Table 11-4: Cohesive TOC normalised PAH results

Analyte SDAC No. Min Max SD 95% UCL
(mg/kg/TOC)  Samples  (mg/kg/TOC)  (mg/kg/TOC)  (mg/kg/TOC)  (mg/kg/TOC)
>SDAC

Acenaphthene 0.016 | 0.5 12/21 0.005 0.25 0.0531 0.0528
Acenaphthylene 0.044 | 0.64 5/21 0.005 0.250 0.0534 0.0525
Anthracene 0.085] 1.1 1/21 0.005 0.250 0.0533 0.0524
Benz(a)anthracene 0.261 | 1.6 1/21 0.005 . 0.429 0.538
Benzo(a) pyrene 0.43]1.6 1/21 0.005 0.5 0.105 0.149
Chrysene 0.384 ] 2.8 1/21 0.005 1.5 0.321 0.409
Dibenz(a,h)anthracen 0.063 | 0.26 2/21 0.005 0.25 0.0534 0.0525
e
Fluoranthene 0.6 5.1 1/21 0.005 4.0 0.862 1.072
Fluorene 0.019 | 0.54 10/21 0.005 0.250 0.053 0.0527
Naphthalene 0.16 | 2.1 1/21 0.005 0.250 0.0522 0.0562
Phenanthrene 0.24 | 1.5 1/21 0.005 . 0.537 0.675
Pyrene 0.665 | 2.6 1/21 0.005 . 0.646 0.803
Low molecular weight  0.55 [3.16  1/21 0.035 4.250 0.896 1.24
PAHs
High molecular weight 1.7 | 9.6 1/21 0.030 11.25 2.412 3.05
PAHs
Total PAHs 4|45 1/21 0.040 18.0 3.864 4.875

Key

Yellow = Above SDAC ISQG-low

|88 - Above SDAC 15QG-high

Table 11-5: Non-cohesive TOC normalised PAH results
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Contaminant SDAC No. Samples Min Max SD 95% UCL

(mg/kg/TOC)  >SDAC (mg/kg/TOC)  (mg/kg/TOC)  (mg/kg/TOC)  (mg/kg/TOC)

Acenaphthene 0.016 | 0.5 12/25 0.005 0.316 0.0764 0.111
Acenaphthylene 0.044 | 0.64 7/25 0.005 0.25 0.0523 0.0787
Anthracene 0.085 | 1.1 3/25 0.005 0.316 0.076 0.112
Benz(a)anthracene 0.261 ] 1.6 1/25 0.005 1.392 0.275 0.182
Benzo(a) pyrene 0.43| 1.6 0/25 0.005 0.38 0.086 0.123
Chrysene 0.384 | 2.8 1/25 0.005 1.013 0.201 0.154
Dibenz(a,h)anthracene 0.063 | 0.26  4/25 0.005 0.25 0.0523 0.0787
Fluoranthene 06]5.1 1/25 0.005 2.658 0.521 0.313
Fluorene 0.019 | 0.54  14/25 0.005 0.633 0.129 0.102
Naphthalene 0.16 | 2.1 1/25 0.005 0.25 0.0529 0.0856
Phenanthrene 0.24 | 1.5 2/25 0.005 1.646 0.323 0.277
Pyrene 0.665 | 2.6 1/25 0.005 2.025 0.398 0.252
Low molecular weight  0.55 | 3.16  5/25 0.035 4.051 0.833 0.726
PAHs

High molecular weight 1.7 | 9.6 1/25 0.030 7.532 1.482 0.987
PAHs

Total PAHs 4|45 1/25 0.040 13.92 2.737 2.096

Key

Yellow = Above SDAC ISQG-low

|88 - Above SDAC 15QG-high

Statistical analysis of the TOC normalised PAH data indicates that in general, cohesive
sediments contain higher calculated concentrations compared to non-cohesive sediments,
which reflect the greater sorption capacity of the finer-grained, cohesive sediments. The
sample set is considered to be of a size where the effects of a single outlying result would have
minor impact the outcomes of the analysis.

Refer to Appendix C, Figures 15 to 29 for distributions of all TOC normalised PAHs results.
Refer to Appendix M for the results of the statistical analysis of TOC normalised PAH data.

11.2.4 TOC Normalised TRH Results

Twelve concentrations of total TRH were reported by the laboratory to be above the SDAC;
however, due to the TOC of these samples being >1% for all but two samples (SD23 0-0.1 and
SD26 0-0.05), the TOC normalised results for nine of these samples were reduced below the
SDAC. See below.

Table 11-6: Not normalised and TOC normalised results comparison

Sampling Location Laboratory reported TRH TOC (%) TOC normalised TRH
concentration (mg/kg) (mg/kg/TOC)
SD7 0.15-0.25 2610 24 261
SD3 0.25-0.32 1810 17 181
SD2 0.15-0.24 1710 15 171
SD2 0-0.1 1210 28 121
SD26 0-0.05 1110 0.79 1405
SD4 0-0.08 1110 53 111
SD4 0.15-0.25 860 40 86
SD10 0.14-0.26 830 11 83
SD13 0-0.02 680 19 68
SD6 0.15-0.25 640 9.2 69
SD24 0-0.04 620 8.6 72
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Sampling Location Laboratory reported TRH TOC (%) TOC normalised TRH

concentration (mg/kg) (mg/kg/TOC)
SD23 0-0.1 590 0.13 2950

Key
Yellow = Above SDAC (NAGD 2009)

Of the above twelve samples:

= Seven were collected in sediment described as ‘MUD’;
= Three were collected in sediment described as ‘muddy SAND’; and
= Two were collected in sediment described as ‘SAND’.

Therefore prior to TOC normalisation, the TRH results collected from cohesive sediments were
generally higher than those collected from non-cohesive sediments. Further discussion of
cohesive and non-cohesive sediments is provided in Section 11.2.6.

Table 11-7 below summarises that the TOC normalised TRH results for LL Sediments.
Note that a SD and 95% UCL have been calculated for the following:

= All sediment samples;
=  Cohesive sediment samples only; and
= Non-cohesive sediment samples only.

Table 11-7: TOC Normalised TPH Results summary

Contaminant SDAC No. Min Max SD 95%

(mg/kg) Samples (mg/kg/TOC) (mg/kg/TOC) (mg/kg/TOC)  UCL(mg/kg/TOC)
>SDAC

Total Petroleum 550 3/46 11.5 2950 510 539

Hydrocarbons (all

samples)

Total Petroleum 550 1/21 115 1600 339 472

Hydrocarbons

(cohesive samples)

Total Petroleum 550 2/25 11.5 2950 621 804

Hydrocarbons (non-

cohesive samples)

Key

Yellow = Above SDAC (NAGD 2009)

In general, non-cohesive sediments contained a higher 95% UCL of mean normalised TPH
concentrations compared to cohesive sediments, because they contained only low
concentrations of TOC.

Further interrogation of the results shows that the three TOC normalised TPH results that
exceed the SDAC, also contained TOC of <1 %. Therefore, the laboratory reported
concentration was divided by a TOC of <1%, increasing the reported concentration (by up to a
factor of five). The increased concentration was a result of a higher bio-availability of TRH in
these sediments due to the low reported TOC concentrations (<1 %).

ES notes that one of these samples (SD22 0-0.05) contained laboratory reported concentration
of TPH below the SDAC. The TOC concentration within this sample was 0.18 %, and therefore
by normalising the sample to TOC, the calculated concentrations were raised from 330 to
1650mg/kg/TOC (which is above the SDAC of 550 mg/kg). See the table below for a summary:

Sampling Laboratory reported concentration TOC TOC normalised TRH

Location (mg/kg) (%w/w) (mg/kg/TOC)
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SD22 0-0.05 330 0.18 1650.

SD23 0-0.1 590 0.13 2950.
SD26 0-0.05 1110 0.79 1405.
Key

Yellow = Above SDAC (NAGD 2009)
TOC normalised results have been rounded

Refer to Appendix O for an assessment of TOC normalised TRH data.

Refer to Appendix C, Figure 30 for distributions of TOC normalised TRH results.

11.2.5 Grainsize and Sediment Contaminant Concentrations

Grainsize analyses were completed on five samples collected from the western portion of LL.
This was outside the original scope of work requested by AGLM and was completed by ES to
gain a greater understanding of the effect of grainsize on contaminant concentration. Not all
samples were analysed for grain size analysis due to budget constraints, and therefore field
descriptions have been used to determine the most likely grain sizes in the remaining 41
samples.

In general, sediment described primarily as ‘MUD’, being cohesive sediments that comprise
high proportions of clay-sized fractions, reported the highest concentrations of Trace Metals,
TRH (not TOC normalised) and PAHs (not TOC normalised), which is consistent with the
ANZECC& ARMCANZ (2000) guidelines that states that:

“The clay/silt fraction has a high surface area and because of its surface
chemistry is more likely to adsorb organic and heavy metal contaminants.”

Table 11-8 below presents the six sediment samples with the highest concentrations of TOC
normalised Low molecular weight PAHs) in comparison with field descriptions and depth below
sediment surface.

Table 11-8: Low molecular weight PAHs (TOC normalised) above SDAC compared to sampling
location

SD22 0-0.05  Surficial sediment layer MUD - grey brown, occasional gastropod  4.25
shells, soil odour.

SD26 0-0.05  Surficial sediment layer Muddy SAND - grey, fine grained, well 4.051
sorted, soil odour.

SD23 0-0.1 Surficial sediment layer MUD - grey brown, anoxic odour. 1.75

SD7 0.15- Second sediment layer, MUD - dark grey / black, slight 0.76

0.25 overlain by a SAND (0-0.07 hydrocarbon odour.

m)

SD16 0.15- Surficial sediment layer Muddy SAND - dark brown, lighter 0.7

0.25 colour with depth, minor rootlets, soil
odour.

SD27 0-0.04  Surficial sediment layer Muddy SAND - grey, fine grained, 0.607
abundant gastropod shells, soil odour.

Five of the six of the above samples were collected from the surficial sediment layer, with all
samples reporting ‘MUD’ or ‘muddy SAND’ sediments “.

Additionally, the three sampling locations which reported concentrations of Trace Metals
concentrations (either Hg or Cu) above the ISQG-high SDAC (SD7 0.15-0.25, SD10 0.14-0.26,
and SD17 0-0.1) were described as being comprised of ‘MUD’ or ‘muddy SAND’.

Refer to Appendix | for the Grain Size Analysis Laboratory Certificates.
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11.2.6 Cohesive and Non-cohesive sediment distribution
Non-cohesive Sediments

Field observations of sediment type indicate that the non-cohesive sediments (gravels and
sands) are primarily located along the northern, eastern and southern shores of the LPS (within
300 m of the shore). One sample location (SD14) located in the ‘Antiene Arm’ of LL also
reported non-cohesive sediments. Non-cohesive sediments are generally located in areas of
higher ambient water flow velocities.

The non-cohesive sediments observed around the LPS generally reported lower concentration
of CoPC (not normalised).

The additional investigation of the six LPS discharge locations identified all near shore
sediments to be composed of non-cohesive sediments (clayey sands to gravels).

In general, the concentrations of CoPC reported in non-cohesive sediments at the LPS discharge
locations, were less than those reported in cohesive sediments within LL. Refer to Section 11.5
for further discussion.

Cohesive Sediments

Cohesive sediments (silts and clays) were observed beyond 300 m of the LPS shoreline, with
the exception of one sampling location SD17, which was within 300 m of the north-western
shoreline of the LPS. Cohesive/fine-grained sediments are generally located in low energy
areas of sediment deposition within LL.

As previously described, the highest concentrations of contaminants within the sediments of
LL, are present in cohesive/fine grained sediments that have accumulated in low energy
environments.

11.2.7 TOC in Sediment

Reported concentrations of TOC ranged between 0.13 and 53 %. The ERM (2014) Project
Symphony, BPS. Stage 2 Environmental Site Assessment (Ref.6) reported TOC contents ranging
from 1.1 to 64.2 %.

Table 11-9 below provides the field descriptions of the sampling locations where the ERM
report identified TOC >10 %.

Table 11-9: Reported TOC and Field Descriptions (ERM Report)

Sampling Sample Field Description

Location

SD4 0-0.08 SAND, black, fine grained, well sorted 53
SD12 0-0.5 Coal Fragments, black, minor gravel, trace fine grained sand. 46
SD4 0.15-0.25 MUD, black, soil odour 40

SD23 0.15-0.21 Muddy SAND - light brown, fine grained, well sorted, rootlets, soil odour, 30
(potentially pre lake).

SD2 0-0.1 SAND - dark grey, coarse grained, gastropod shells to 1mm@ 28
SD7 0.15-0.25 MUD - dark grey / black, slight hydrocarbon odour. 24
SD13 0-0.02 MUD - dark grey, rootlets 19

SD3 0.25-0.32 Muddy SAND - grey, firm, fine grained, well sorted, organic matter, rootlets, 17
hydrocarbon odour

SD2 0.15-0.24 Muddy SAND - grey, firm, fine grained, very well sorted, rootlet 15
SD9 0-0.1 SAND - grey, fine grained, gravel, soil odour. 12
SD1 0.15-0.25 Muddy SAND - grey, firm, fine grained, well sorted 11
SD9 0.15-0.25 SAND - grey, fine grained, gravel, soil odour. 11
SD10 0.14-0.26 MUD - dark grey, soil odour 11
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With the exception of sediment at locations SD10, SD13 and SD23, the highest concentrations
of TOC are present in sediment within 300 m of the LPS northern, eastern and southern shores
in predominantly coarser grained sediments.

The field observations in five of the 10 above sampling locations, noted either organic matter,
hydrocarbon odours, or coal fines within the sampling cores which are consistent with higher
TOC contents.

The two locations (SD4 and SD12), containing sediment with the highest TOC content, are
located east of the LPS coal stockpile areas. These sampling locations noted coal within the
sampling location, consistent with TOC content >40 %.

Sediment at location SD4 contained the highest concentration of total PAHs (8.5 mg/kg), whilst
sediment at location SD12 contained the fourth highest total PAH concentration (7 mg/kg). Due
to high TOC contents in these locations, PAHs concentrations normalised to 1 % TOC reduced
to 0.85 mg/kg/TOC and 0.7 mg/kg/TOC, respectively and were below the SDAC of 4 mg/kg
(ISQG-low).

Refer to Appendix C, Figure 31 for a quantified distribution map of laboratory reported TOC
throughout the LL sediments.

11.2.8 Pre-existing Soils

During the investigation, ES observed materials underlying unconsolidated sediments thought
to represent the original/ natural soils, prior to the development of LL in the 1970s. This
material, present in 14 of 28 sampling locations, was generally described as ‘sandy/ silty Clay’
in Table 11-10.

Table 11-10: Description and location of 'natural soils'

Sample Location Top Bottom  Underlying Natural material - Original Surface Refusal noted
Depth Depth
(m) (m)
SD03 0.25 0.32 Not reported. Refusal at 0.32 m
SD23 0.15 0.21 Muddy SAND - light brown, fine grained, well sorted, Refusal at0.21 m
rootlets, soil odour, (potentially pre lake).
SD07 1.05 Not reported. -
SD08 0.43 Not reported. -
SD09 1.03 Not reported. -
SD11 1.12 Not Reported. -
SD12 0.5 Not Reported. -
SD18 0.35 Not Reported. Refusal at 0.35 m
SD20 0.02 Not Reported. Refusal at 0.02 m
SD22 0.05 Not Reported. Refusal at 0.05 m
SD24 0.22 Not Reported. Refusal at 0.22 m
SD26 0.05 Not Reported. -
sD27 0.04 Not Reported. -
SD25 0.4 0.53 Sandy CLAY - grey with grey brown mottling, soil -
odour.
SD14 0.41 0.46 Sandy CLAY - light brown, medium plasticity, soil -
odour.
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Sample Location Top Bottom  Underlying Natural material - Original Surface Refusal noted
Depth

SDO06 0.42 0.55 Sandy CLAY - light grey, coarse grained, organic -
matter, rootlets, soil odour.

SDO1 0.35 0.43 Sandy CLAY - yellow brown with grey, gravel to Refusal at 0.43 m
5mm@, soil odour.

SD15 0.04 0.07 Silty CLAY - brown with black mottling, medium Refusal at 0.07 m
plasticity, soil odour.

SD21 0.03 0.11 Silty CLAY - brown, medium plasticity, soil odour. Refusal at 0.11 m

SD28 0.02 0.09 Silty CLAY - brown, stiff, medium plasticity, soil -
odour.

SD10 0.27 0.43 Silty CLAY - brown, stiff, organic matter, soil odour. Refusal at 0.43 m

SD17 0.5 0.55 Silty CLAY - brown, stiff, soil odour. -

SD04 0.75 0.87 Silty CLAY - brown, trace sand, rootlets, soil odour. -

SD05 0.05 0.1 Silty CLAY - green brown / olive, trace gravel, Refusalat0.10m
rootlets, soil odour.

SD13 0.02 0.1 Silty CLAY - green brown, stiff, rootlets, soil odour. Refusal at 0.10 m

SD19 0.02 0.09 Silty CLAY - grey brown, stiff, medium plasticity, Refusal at 0.09 m
organic matter, rootlets, soil odour.

SD16 0.37 0.46 Silty CLAY - pale green, stiff, soil odour. Refusal at 0.46 m

SD02 0.26 0.35 Silty CLAY / MUD - olive / green brown, medium Refusalat 0.35m
plasticity, rootlets, soil odour

One location had material underlying sediments described as ‘muddy SAND’, which was
thought to also be related to the original or pre-LL soils.

Twelve locations did not encounter material thought to be representative of the original pre-
LL soils; however, five of these locations encountered refusal between 0.02 m and 0.35m below
the lake bed.

Three primary samples were analysed from material considered to be pre-existing prior to the
construction of LL. These samples were:

= SD19 (0.02-0.09);
= SD23(0.15-0.21); and
= SD25 (0.4-0.5).

A summary of the pre-existing soil analytical results> LOR is provided below in Table 11-11
below.

Table 11-11: Analytical results of pre-existing soils

SDAC (mg/kg) Minimum concentration Maximum Concentration
(1SQG-Low | ISQG-High)  (mg/kg) (mg/kg)

As 20| 70 2 12

Cr Total 80| 370 7.2 8.7

Cu 65 | 270 4.2 13

Pb 50 | 220 7 11

Hg 0151 <0.01 0.03

Ni 21|52 4.4 10

Zn 20 | 410 8.9 27

TOC n/a 1.7% 30 %

The concentrations of analysed pre-LL samples reported concentrations of CoPC less than
surficial sediments. Furthermore, the pre-LL samples did not report concentrations of PAHs,
TRH, BTEX or VOCs above the LOR.
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11.3 LL Surface Water Results

11.3.1 Trace Metals

Concentrations of Trace Metals in surface water samples submitted for analysis by ES were
reported above the adopted surface water assessment criteria (SWAC) for:

= B: 50 non-filtered and 49 filtered samples reported concentrations of B above the SWAC
(370 pg/L);

= Cd: 4 non-filtered samples reported concentrations equal to the SWAC (0.2 pg/L).

= Cu: All 50 non-filtered and filtered samples reported concentrations of Cu above the SWAC
(1.4 pg/L);

= Hg: 2 filtered samples reported concentrations of Hg above the SWAC (0.06 pg/L); and

= Zn: 3 non-filtered and 1 filtered sample reported concentrations above the SWAC (8 pg/L).

ES notes that the following samples reported higher concentrations of filtered samples when
compared to non-filtered samples

= SW19 - 15.8 reported filtered concentrations of Cu, Hg, and Zn > non-filtered
concentrations; and

= SW24- 19.6 reported filtered concentrations of Hg > non-filtered concentrations.

= ES cannot explain this variation but notes that non-filtered samples would be likely to
contain a higher percentage of suspended solids, onto which heavy metals are known to
be adsorbed. This is relevant, as the suspended solids would allow a greater concentration
of adsorbed CoPC to be ingested by aquatic animals.

11.3.2 TRH

Concentrations of TRH in all LL surface water samples submitted for analysis were reported
below the LOR (0.04-0.65 pg/L) and the SWAC.

11.3.3 BTEX

Concentrations of BTEX in all LL surface water samples submitted for analysis were reported
below the LOR (0.5-3 pg/L) and the SWAC.

11.3.4 VOCs

Concentrations of VOCs in all LL surface water samples submitted for analysis were reported
below the LOR (0.5-4 pg/L) and the SWAC.

11.3.5 PAHSs

Concentrations of PAHs in all LL surface water samples submitted for analysis were reported
below the LOR (0.01-0.02 pg/L) and the SWAC.

11.3.6 Salinity

Concentrations of salinity in shallow (1.0 m surface water samples) and deep (>1 m surface
water samples) is described below:

= Shallow surface water: Salinity concentrations ranged between 780 and 1 500 mg/L
indicating a brackish environment.

= Deep surface water: Salinity concentrations ranged between 880 and 1 600 mg/L indicating
a brackish environment.
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ES note that BPS EPL 779 imposes a maximum discharge limit for saline water into LL via
Tinkers Creek (being discharge point 7 under EPL 779) of 4 500 uS/cm. The other licenced
discharge points under the BPS EPL 779 are not reported to be subject to salinity
discharge limits.

ES reported a maximum salinity concentration within LL of 30 000 mg/L in sample
LAW_LL_ESSWO03 collected from the chemical drain (designated as discharge point 4 as
shown in Section 5.3). The sample was collected directly from the outlet of the chemical
drain within LL. The Chemical Drain (Discharge Point 4) is not a licenced discharge point
currently covered under the BPS EPL 779 or the LPS EPL 2122.

11.3.7 Ammonia

Concentrations of Ammonia in shallow (1.0 m surface water samples) and deep (>1 m surface
water samples) are described below:

=  Shallow surface water: Ammonia concentrations ranged between 10 and 60 ug/L;

= Deep surface water: Ammonia concentrations ranged between 10 and 100 pg/L;

=  Atotal of two samples (SW04 1.0, and SW21 15.8) exceeded the SWAC recreational criteria
of 50 pg/L; and

= Five (5) additional samples reported concentrations of Ammonia equal to the SWAC
(recreational) of 50 pg/L.

11.4 AECLL Results

Sections 11.4.1 to 11.4.7 summarise the concentrations of CoPC reported in surface water
samples collected from near-shore AEC LL locations. As stated previously, as a component of
the AEC investigations at the LPS or BPS, a total of 32 sediment and 36 surface water samples
were collected (from either LL or the tributaries near to discharge points into LL).

11.4.1 Trace Metals Surface Water

As stated in Section 12.1, 18 AECs around LL were sampled to determine the concentrations of
CoPC discharging into LL from the BPS and LPS assets. Below is a summary of the Trace Metal
concentrations from these locations:

= As: concentrations ranged between <1-130 pg/L (not filtered) and <1-51 pg/L (filtered).
These values exceed the SWAC of 13 pg/L (ANZECC 2000 FW) and 50 pg/L (NHMRC (2008)
Recreational).

= B:concentrations ranged between 49-2000 ug/L (not filtered) and 46-2000 pg/L (filtered).
These values exceed the SWAC of 370 pg/L (ANZECC 2000 FW 95%)..

= Cd: concentrations ranged between <0.1-1.6 pg/L (not filtered) and <0.1-0.8 pg/L (filtered).
These values exceed the SWAC of 0.2 pug/L (ANZECC 2000 FW 95%).

= Cu: concentrations ranged between <1-600 (not filtered) and <1-89 ug/L (filtered) These
values exceed the SWAC of 1.4 pg/L (ANZECC 2000 FW 95%).

= Pb: concentrations ranged between <1-25 pg/L (not filtered) and <1-89 pg/L (filtered).
These values exceed the SWAC of 3.4 ug/L (ANZECC 2000 FW 95%).

= Hg: concentrations ranged between <0.05-0.23 pg/L (not filtered). These values exceed the
SWAC of 0.06 pg/L (ANZECC 2000 FW 99%). ES notes that the LOR for two samples
(N_P_ESSWO01 and N_P_ESSWO02) was above the SWAC.

= Ni: concentrations varied between <1-230 pg/L (not filtered) and <1-210 pg/L (filtered).
These values exceed the SWAC of 11 pg/L (ANZECC 2000 FW 95%) and 30 ug/L (NHMRC
(2008) Recreational).
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= Se: concentrations ranged between <1-120 pg/L (not filtered) and <1-42 pg/L (filtered).
These values exceed the SWAC of 5 ug/L (ANZECC 2000 FW 99%) and 10 pg/L (NHMRC
(2008) Recreational).

= Zn: concentrations ranged between <5-410 pg/L (not filtered) and <5-350 pg/L (filtered).
These values exceed the SWAC of 8 ug/L (ANZECC 2000 FW 95%).

In general, the Trace Metal concentrations at the AECs around LL reported higher
concentrations then those reported in the LL samples.

11.4.2 TRH Surface Water
TRH was reported in the following near-shore AEC sampling locations:

L_94_ESSWO1 — TRH C10-Ca0 790 pg/L;

= L_109_ESSWO1 —TRH Ci0-Ca0 2100 pg/L;

= | 109 ESSWO02 — TRH Cy0-Cs0 690 pg/L;

= | 111 ESSWO01 —TRH Cy0-C14 58 pg/L and TRH Ci5-Czg 390 pg/L; and
= | 137 ESSWO02 — TRH Cy0-C40 2700 pg/L.

The TRH concentrations at the AEC locations were reported to be higher than concentrations
reported in the LL samples.

11.4.3 BTEX Surface Water
Concentrations of BTEX within surface water samples collected at the AEC locations near LL
were reported to be below the LOR (0.5-3 pg/L) and the SWAC.

11.4.4 VOC Surface Water

Concentrations of VOCs within surface water samples collected at the AEC locations near LL
were reported to be below the LOR (0.5-3 pg/L) and the SWAC. ES notes that not all samples,
collected from the AEC LL locations, were analysed for VOCs.

11.4.5 PAHs Surface Water

Concentrations of PAHs within surface water samples collected at the AEC locations near LL
were reported to be below the LOR (0.01-0.02 pg/L) or the SWAC for all samples.

ES notes that the LOR for two samples (N_P_ESSWO01 and N_P_ESSWO02) were above the SWAC.

11.4.6 Salinity - Surface Water

As stated in Section 11.1, the AEC locations near LL were sampled to determine the
concentrations of CoPC (including salinity) discharging into LL from the BPS and LPS assets.
Reported salinity results in these locations ranged from 270 mg/L (AEC 95) to 5400 mg/L (AEC
94). The mean concentration of 1535 mg/L is greater than the average concentration of salinity
in LL and is above the 1000 mg/L value stated in the ANZECC/ ARMCANZ (2000) guidance
(Ref.25).

The five highest reported salinity concentrations potentially discharging into LL from the AEC
locations near LL are listed in Table 11-12 below.

Table 11-12: Salinity surface water results in AEC LL Locations

Sample ID Salinity (mg/L) LPS or BPS asset
L_94_ESSWO02-2 5400 LPS
L_78_ESSWO01 4200 LPS
L_139_ESSWO01 3200 LPS
L_138_ESSWO02 2400 LPS
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| L_130_ESswo1 2400 LPS

11.4.7 Ammonia Surface Water

As stated in Section 11.1, the AEC locations near LL were sampled to determine the
concentrations of CoPC (including ammonia) discharging into LL from the BPS and LPS assets.
Reported ammonia results in these locations ranged from 10 pg/L (AEC 139) to 650 ug/L (AEC
113). A total of two samples reported concentrations of ammonia above the NHMRC (2008)
recreational) criteria of 500 pg/L.

The five highest reported ammonia concentrations potentially discharging into LL are listed in
Table 11-13 below:

Table 11-13: Ammonia surface water results in AEC LL Locations

Sample ID ‘ AEC Ammonia (pg/L) LPS or BPS asset

L_113_ESSWO01 AEC 113 - Skimmer Dam 650 LPS

L_63_ESSWO01 AEC 63 - Lake Liddell 610 LPS
Dam Wall

L_138_ESSWO02 AEC 138 - LPS Coal 260 LPS
Stockpile Area

L_94_ESSW02-2 AEC 94 - Chemical Drain 190 LPS
Outlet

L_130_ESSWO01 AEC 130 - Old Coal 160 LPS
Stockpile Area

L_111_ESSWO01 AEC 111 — Seepage from 120 LPS
Ash Dam

11.5 LPS discharge point Results
11.5.1 Trace Metals

11.5.1.1 Sediment

The following Trace Metals concentrations in sediments collected from near-shore LPS
discharge points, were reported above the SDAC (Table 11-14).

Table 11-14: Trace Metal concentrations collected in sediment from LPS discharge points

SDAC (mg/kg) No. Samples >SDAC Min (mg/kg) Max (mg/kg)
(ISQG-Low | 1SQG-High)

Pb 50 | 220 2 10 82

Zn 200 | 410 1 12 970

Yellow = Above SDAC ISQG-low
|88 - Above SDAC 15QG-high

The Pb and Zn concentrations within sediments at LPS discharge points are the highest
concentrations encountered within LL sediments during the LL APECS.

11.5.1.2 Surface water

The following Trace Metals concentrations collected from surface water in the near shore LPS
discharge points were reported above the SDAC (Table 11-15).

Table 11-15: Trace Metal concentrations collected in surface water from LPS discharge points
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SWAC (pg/L) No. Samples >SWAC Min (pg/L) Max (pug/L)

(ANZECC | NHMRC)

B 370 | 4000 8 890 1100

Cu 1.4 | 1000 8 3 13

Cr 1|50 1 <1 4

Hg 0.06 | 1 1 <0.05 )

Zn 8 | 5000 3 <5 64
Key

Yellow = Above SWAC ANZECC (2000) FW
= Above SWAC NHMRC (2008) Recreational Guidelines

The B, Cu and Zn concentrations reported are consistent with surface water samples collected
in LL. The Hg sample, reported at LAW_LL_ESSWO03, was the highest concentration of Hg
reported in LL during the LL APECS by an order of magnitude. The Cr concentration was also
reported from LAW_LL_ESSWO03. Sampling location LAW_LL_ESSWO03 was collected from
discharge point 4 (Chemical Drain).

One sample, LAW_LL_ESSWO03, reported a concentration of Cd of <1 pg/L. The limit of reporting
in this sample was raised above the SWAC as a result of high conductivity in the sample
requiring dilution.

11.5.2 TRH

11.5.2.1 Sediment

All sediment samples from the LPS discharge points reported concentrations of TRH below the
LOR (230 mg/kg TRH Cg-Cyo). As a result, the TRH results were not TOC normalised.

11.5.2.2 Surface water

All surface water samples from the LPS discharge points reported concentrations of TRH below
the LOR.

11.5.3 BTEX

11.5.3.1 Sediment

All sediment samples from the LPS discharge points reported concentrations of BTEX below the
LOR (0.1-0.3 mg/kg). As a result, the BTEX results were not TOC normalised.

11.5.3.2 Surface water

All surface water samples from the LPS discharge points reported concentrations of BTEX below
the LOR.

11.54 VOCs

11.5.4.1 Sediment

All reported concentrations of VOC were reported to be below the LOR from the LPS discharge
points. As a result, the VOC results were not TOC normalised.

11.5.4.2 Surface water

All surface water samples reported concentrations of VOCs either below the LOR or the SWAC
from the LPS discharge points.
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11.5.5 PAHs

11.5.5.1 Sediment

With the exception of one sample (LAW_LL ESDO5), all laboratory reported PAH results in
sediments were below the LOR from the LPS discharge points.

The PAH results were then TOC normalised, in line with all other LL samples (see Section 11.2).
The following PAHs were subsequently reported above the SDAC (Table 11-16).

Table 11-16: PAHs Reported Above the SDAC (after TOC Normalisation)

Analyte SDAC (mg/kg/TOC) No. Samples Min (mg/kg/TOC)  Max (mg/kg/TOC)
(1SQG-Low | 1SQG-High) >SDAC
Acenaphthene 0.016 | 0.5 6/6 0.031 0.5
Acenaphthylene 0.044 | 0.64 4/6 0.031 0.250
Anthracene 0.085] 1.1 2/6 0.031 0.250
Dibenz(a,h)anthracene 0.063 | 0.26 2/6 0.031 0.250
Fluorene 0.019 | 0.54 6/6 0.031 0.250
Naphthalene 0.16 | 2.1 2/6 0.031 0.250
Phenanthrene 0.24 | 1.5 2/6 0.031 0.5
Low molecular weight 0.55 | 3.16 3/6 0.219 1.75
PAHs
Key

Yellow = Above SDAC ISQG-low
|88 - Above SDAC 15QG-high

The concentrations of TOC normalised PAHs within near-shore LPS discharge points
sediments are consistent with the reported concentrations within other sediments of similar
composition within LL.

11.5.5.2 Surface water

With the exception of one sample (LAW_LL_ESSWO03), all PAH results within surface water were
reported at concentrations below the LOR from the LPS discharge points.

1-Methylnaphthalene (0.3 pg/L), 2-methylnaphthalene (0.2 pg/L) and Phenanthrene (0.02
pg/L) were all reported marginally above the LOR (0.01 pg/L). These analytes were reported
below the adopted SWAC. These were the only surface water samples from within LL, or the
surrounding tributaries, to report concentrations of PAHs above the LOR in surface water.

CSIRO (2005) (Ref. 11) states that PAHs are hydrophobic organic contaminants. Therefore, it is
likely that the reported PAH concentrations above the LOR, are associated with PAHs adsorbed
to suspended particles within the water column.

11.5.6 PCBs

11.5.6.1 Sediment

All reported concentrations of PCBs in sediments were reported to be below the LOR from the
LPS discharge points.

PCBs were not TOC normalised as all results were reported below the LOR.

PCBs are hydrophobic and bioaccumulators, and generally bind to organic carbon. PCB
impacts, if present, would be anticipated to be detected within the sediments sampled.

ES notes that the Total PCB LOR of 1 mg/kg is greater than the SDAC (1ISQG-low) (Ref.25).
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11.5.6.2 Surface water

All reported concentrations of PCBs in surface waters from the LPS discharge points were
reported to be below the LOR. The LOR for Arochlor 1254 (0.1 pg/L) was greater than the SWAC
of 0.03 pg/L. ES considers that the risk of Arochlor 1254 being above the adopted SWAC is low
considering the hydrophobic nature of PCBs.

11.5.7 Salinity

11.5.7.1 Surface water

The reported salinity results from the LPS discharge points for five of six samples from the LPS
discharge points ranged in concentration between 1500 to 1700 mg/L. This is consistent with
the previously reported concentrations (ERM report, Ref. 4) within LL (see Section 11.3.6).

One sample, LAW_LL _ESSWO03, collected from discharge point 4 (Chemical Drain), reported a
salinity concentration of 30,000 mg/L, which is 18 times greater than the maximum
concentration reported in water within LL (see Section 11.3.6).

The Commonwealth of Australia (2011) Australian Drinking Water Guidelines 6 (Ref. 27)
indicates that salinity in the surface water is within the range considered unacceptable for
drinking (TDS >1200 mg/L).

Table 1-1 of the National Water (2011) Brackish groundwater: a viable community water supply
option? (Ref. 28) considers that surface salinity value reported at sample LAW_LL ESSWO03 to
be ‘Saline’ and limited to industrial uses only.

The salinity concentrations discharging into LL at LAW_LL_ESSWO03 are an order of magnitude
above the ANZECC/ARMCANZ (2000) guidelines (Ref. 25) that states “...adverse biological
effects would be expected in Australian aquatic ecosystems if salinity was allowed to increase
to around 1000 mg/L".

11.5.8 Ammonia

11.5.8.1 Surface water

Concentration of ammonia in four samples collected from the near shore LPS discharge points
were greater than the SWAC (recreational), with one of these samples reported to be above
the SWAC (health) of 900 pg/L.

The highest ammonia concentration of 1,000 pg/L was reported at LAW_LL_ESSWO03, which
was collected from discharge point 4 (Chemical Drain).

11.5.9 PFAS

11.5.9.1 Sediment

Sediment samples collected from LL and the LPS discharge points all reported PFAS
concentrations <LOR with the exception of one location sampled adjacent the Northern
Peninsula (0.0012 mg/kg; L_P_ESSDO01). It should be noted that an intra-laboratory duplicate
sample was collected at this location and that the detection of PFOS was made in the duplicate
sample only. PFOS was not detected in the primary sample collected from this location.

ES considers the detection of PFOS, within the duplicate sample only, to be an indication of the
heterogenous nature of the sediment sampling location. This sample was collected after the
WA DER (February 2016) guidance was issued and sampling was carried out in accordance
withthe AGLM APECS SAQP Vol. 7 and the WA DER (February 2016) guidance, refer to Section
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6.1 for discussion. ES has adopted the approach that the highest concentration of either the
duplicate, triplicate, or primary sample would be considered representative of the sampling
location. Therefore, for the purposes of the LL APECS, the reported concentration of 0.0012
mg/kg of PFOS in the duplicate sample is reported to be representative of sampling location
L_P_ESSDO1.

11.5.9.2 Surface water

PFOS was detected above the LOR and equal to the SWAC for Ecological Protection (95%
Species - Moderately Disturbed; WA DER, February 2016), in one of the two surface water
samples collected from LL in October 2016 (L_P_ESSWO01, 0.13 pg/L). This sample was collected
in accordance with the AGLM APECS SAQP Vol. 7 and the WA DER (February 2016) guidance.
Refer to Section 6.1 for discussion. Concentrations of all other PFAS were reported below the
LOR.

11.5.10 Inorganics

11.5.10.1 Surface water

Reported concentrations of chloride, pH, sodium and sulphate from the LPS discharge points
were reported in concentrations exceeding the SWAC as outlined below (Table 11-17):

Table 11-17: Inorganic concentrations reported above the SWAC

SWAC (mg/L) No.Samples Min (mg/L) Max (mg/L)
>SWAC
Chloride 400 1/6 310
pH 6.5-8.5 2/6
Sodium 300 2/6 240
Sulphate 400 6/6 500
Key

Yellow = Above SWAC ANZECC (2000) FW

- = Above SWAC NHMRC (2008) Recreational Guidelines

Concentrations of chloride, pH, sodium and sulphate, collected from sampling location
LAW_LL ESSWO03, were an order of magnitude, or more, greater than the SWAC. This sampling
location was collected from discharge location 4 (the Chemical Drain), which is understood to
discharge water from the Demin Plant.

Chloride, sodium and sulphate were only analysed from the 6 discharge locations, and not as
part of the wider LL surface water investigation. These additional analytes were analysed by ES
after information provided by AGLM indicated that these were likely to be contaminants of
potential concern (CoPC) at the discharge locations. These CoPC were identified based on the
chemicals used at the source of the discharge drains (i.e. the chemicals used at the Demin Plant,
which is the source of liquid discharging through the Chemical Drain).

The LL surface results show pH ranged between 7.7 and 8.8. Reported pH results, from all but
one sampling location collected from the LPS discharge locations, ranged from 8 to 8.8 which
is consistent with the wider LL sampling results. However, sampling location LAW_LL_ESSWO03
reported a pH value of 12.2, which is considerably more alkaline than all other samples
collected by ES from LL. This sampling location was collected from point 4 (Chemical Drain).
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11.6 ES and ERM LL Results Comparison

The following section provides a brief summary of the key findings of the ERM (October 2013)
report (Ref. 4) in relation to sediment and surface water concentrations. These key findings
have been compared to data collected by ES from LL.

11.6.1 Sediments

The following table briefly compares the reported ERM LL sediment data to the ES collected
data below (Table 11-18):

Table 11-18: General comparison between ERM and ES sediment results

ERM

ERM reported concentrations of
Phenols, BTEX and PCBs < LOR

Comparison to ES data
This is consistent with the ES sediment results

Concentrations of As, Hg, and Ni
were reported above the 1SQG-
low.

This is consistent with the ES sediment results

One sampling location (BW_SS27)
reported concentrations of Cu and
Hg >ISQG-high.

The BW_SS27 sediment sample was collected from within 80 m of
discharge point 4 (Chemical Drain).

ES sampling location SD7 was collected from the same location.

SD7 reported a concentration of Hg > ISQG-high and a Cu concentration
>|SQG-low, and therefore is consistent with the ERM results reported
from this area.

ERM reported Se concentrations
between 1 to 45.2 mg/kg

ES reported concentrations of Se between <3 and 20 mg /kg. The highest
concentration of Se reported by ERM (BW_SS40) was located
approximately 400 m west of ES sampling location SD17, which reported
a maximum concentration of 11 mg/kg.

Two AECs (111 and 112) that are understood to discharge in LL are
located approximately 300 m north and south west of BW_SS40.
Concentrations of Se in sediment from these two AECs ranged between
<3 and 12 mg/kg.

ERM reported concentrations of
PAH in mg/kg and did not specify
if the reported concentrations
were TOC normalised.

ES understands that the PAH concentrations reported by ERM were not
TOC normalised. A comparison of the PAH concentrations (not
normalised to TOC) indicated that the ERM data set reported higher
concentrations of PAHs in comparison to ES. ERM maximum total PAH
concentration was 39.1 mg/kg (BW_SS45) with ES’ 14 mg/kg (SD07).

It is noted that TOC normalisation was not carried out as part of the ERM
assessment and therefore the ERM PAH dataset could not be compared
to the ANZECC (2000) guidelines (Ref.26).

ERM reported concentrations of
TRH ranged from 22 to 3790
mg/kg.

ES understands that ERM did not normalise their reported TRH
concentrations to TOC.

The maximum reported concentration of TRH (2610 mg/kg TRH C6-C40)
was collected from sampling location SD07.

In general, the majority of the ES and ERM TRH concentration >LOR were
reported in the same area east of the LPS.

It is noted that TOC normalisation was not carried out as part of the ERM
assessment and therefore the ERM TRH dataset could not be compared
to the ANZECC (2000) guidelines (Ref.26).

ERM sampling locations were
collected primarily off the north-
eastern, eastern and southern
shores of the LPS, with one
sampling  location  collected
towards the ‘Antiene Arm’ of LL.

ES collected samples from similar locations to ERM, with the addition of
location towards the northern shore of the LPS, and the northern and
western portions of LL.

11.6.2 Surface Water

The following table briefly compares the reported ERM LL surface water data to the ES collected
data (Table 11-19):
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ERM

ERM did not report concentrations in LL surface
water above the ANZECC (2000) Recreational
criteria.

Table 11-19: General comparison between ERM and ES surface water results

Comparison to ES data

ES surface water results reported concentrations of
Ammonia within LL above the ANZECC (2000)
Recreational criteria.

ES also reported concentrations of As, B, Ni, Se, Hg,
Chloride, Sodium, Ammonia, and sulphate above the
ANZECC (2000) Recreational criteria from either
AECs that discharge into LL or the six discharge
locations from the LPS.

ERM reported B and Cu above the ANZECC (2000)
FW criteria for the majority of samples.

This is consistent with ES results. ES also reported
zinc in the majority of samples above the ANZECC
(2000) FW guidelines.

ERM reported Ni and Se in a number of surface
water samples from LL.

ES results indicate that the LL surface water samples
reported concentrations of Ni and Se below the
ANZECC (2000) FW criteria. Se and Ni were reported
in a number of AEC discharge locations in
concentrations above the ANZECC (2000) FW
criteria.

ES notes that ERM’s reported LOR for Se was higher
than the ANZECC (2000) FW criteria.

Furthermore, ES adopted the ANZECC (2000) 99%
protection for Hg Se and B, which are more stringent
criteria than adopted by ERM.

ERM did not report
concentrations within LL

analytical  Salinity

ES reported a maximum salinity concentration
within LL of 30 000 mg/L in sample LAW_LL_ESSWO03
collected from discharge point 4 (chemical drain).
Concentrations within deep and shallow surface
water samples collected from within LL ranged from
780 to 1600 mg/L..

ERM sampling locations were collected primarily
off the north-eastern, eastern and southern shores
of the LPS, with one sampling location collected
towards the ‘Antiene Arm’ of LL.

ES collected samples from similar locations to ERM,
with the addition of location towards the northern
shore of the LPS, and the northern and western
portions of LL.

11.7 Edible Fish Species and Sediment Selenium Concentrations

The ELA report (Ref.24), Appendix L identified Selenium above the maximum recommended
concentration of 1mg/kg in the flesh of eels caught during the assessment. ELA noted that

‘it is likely that the concentration [of selenium] is increased by proximity and
relationship with the two power stations. A (1996) survey that analysed metal
concentrations in 1164 fish from Lake Macquarie found that 59% of samples
exceeded the standard for selenium (Wlodarczsky and Beath 1997). Selenium was
attributed to pollutants released from two nearby coal burning power stations, and
anglers were warned that high consumption of locally caught fish may result in
adverse impacts to health (NSW Health 2001)’.

Concentrations of Selenium in LL sediments ranged from <3 to 20 mg/kg, with concentrations
in sediments that discharge into LL ranged from <3 to 59 mg/kg. The ERM (January 2014) report
(Ref.6), identified Selenium in sediments ranged from 1 to 45.2mg/kg, with the highest
concentrations reported proximal to the discharge location of Tinkers Creek (AEC 143).

The ES sediment samples collected from within LL which reported concentrations of Selenium
of 25 mg/kg were generally described as ‘MUD’. This is consistent with ANZECC (2000) (Ref.26),
which reports that silt/clay fractions typically adsorb higher contaminant concentrations (see
Section 11.2.5 for further discussion).
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As discussed in Section 11.2.5, the grain size analysis of samples reported to be comprised of
‘MUD’, contain 76 to 93 % Silt and/ or Clay with a particle size of <0.63 um. This particle size,
according to ANZECC (2000) is capable of ingestion by biota:

‘Particles <63 um are more common in the gut of sediment-ingesting biota (Tessier
et al. 1984). It is not unusual to normalise contaminant analyses on the basis of
the clay/silt fraction’

Therefore, it is likely that the selenium reported in sediments describe as ‘MUD’, is capable of
being ingested, forming a possible exposure pathway to the aquatic biota within LL.

11.8 Summary of Results

This section provides a brief summary of the results provided in Sections 11.2 to 11.5.

11.8.1 LL Sediment

= Sediment results reported by ERM (Ref. 6) from LL were similar in concentration to those
reported by ES’ primary laboratory.

= LL sediments reported concentrations of Trace Metals, TOC normalised PAHs and TRH
above the SDAC.

= The ES sampling locations were generally consistent with ERM’s (Ref. 6); however, ES
collected a higher density of samples towards the northern shore of the LPS, and the
northern and western portions of LL.

=  The ERM report (Ref. 6) does not state if organic results were TOC normalised.

= Highest concentrations of CoPC were reported in LL sediments defined as cohesive.

11.8.2 LL Surface Water

= Surface water results reported by ERM (Ref. 6) from LL reported generally lower
concentration to those reported by the primary laboratory engaged by ES.

= Surface water samples collected from LL reported concentrations of Trace Metals above
the ANZECC (2000) FW criteria, and Ammonia above the NHRMC (2008) Recreational
criteria.

= One surface water sample collected from LL, adjacent the northern peninsula reported
PFOS equal to the SWAC for Ecological Protection (0.013 pg/L).

= The ES sampling locations were generally consistent with that of ERM’s; however, ES
collected a higher density of samples towards the northern shore of the LPS, and the
northern and western portions of LL.

11.8.3 Salinity

= Salinity concentrations within LL ranged from 780 to 1600 mg/L, which exceed the
ANZECC/ARMCANZ (2000) guidelines which states that “...adverse biological effects would
be expected in Australian aquatic ecosystems if salinity was allowed to increase to around
1000 mg/L".

= The maximum reported salinity concentration of 30 000 mg/L discharging into LL from the
LPS was collected from discharge point 4.

11.84 Inorganics

= Discharge locations into LL reported concentrations of surface water above the ANZECC
(2000) FW and Recreational criteria for Trace Metals, Ammonia (recreational and health),
Chloride, pH, Sodium and Sulphate.
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12 Method for Determining Pre-Existing Contamination

The overall objective of the LL APECS is to define, to the extent practicable, the nature and
extent of contamination on LL and to make a determination as to whether the contamination
was Pre-Existing Contamination. Given this, the specific objectives were to:

= better define the nature and the lateral and vertical extent of the contamination identified
in the ERM Reports on LL;

= jdentify further contamination which may be present at LL; and

= provide an opinion as to whether contamination identified at LL is ‘Pre-Existing
Contamination’ as per the definition provided in Section 1 of this report.

12.1 Pre-Existing Contamination Decision Process

In order to make a determination of whether contamination the contamination identified is
Pre-Existing Contamination, ES have adopted a lines of evidence decision process, which
examines the information available at each step to allow a determination to be made as to
whether contamination is actually, or is likely to be Pre-Existing Contamination.

The decision process is as follows:

1. A determination was made as to whether the levels detected were above naturally
occurring background levels. If not, then Pollution or Contamination was considered to not
exist. If so, then the steps below were completed in order to determine whether the
Pollution or Contamination identified was Pre-Existing Contamination.

2. An assessment was made as to the most likely source/s of the identified Pollution or
Contamination. Once this was done, an assessment was undertaken to confirm whether
the most likely source/s of the Pollution or Contamination were present at Completion.
This involved a review of the reports prepared by ERM and obtaining information from
AGLM regarding any incidents or changes to activities or structures which occurred post-
Completion.

3. |If based on this information the most likely source of the Pollution or Contamination
identified:

a. arose post-Completion then it was considered to be unlikely to be Pre-Existing
Contamination; or

b. was present as at Completion, then it was considered likely that the Pollution or
Contamination was wholly or partially Pre-Existing Contamination.

4. Where it was considered likely that the Pollution or Contamination was wholly or partially
Pre-Existing Contamination, the proportion which was Pre-Existing Contamination was
estimated based on the best information available (including ERM’s reports, the length of
time which the most likely source/s of the Pollution or Contamination were present at the
sites both before and after Completion and information from AGLM regarding any
incidents or changes to activities or structures which occurred post-Completion).

The decision process is provided in full as a flow chart in Appendix B.

12.2 Post-Completion Contamination

Where contamination is thought to be a combination of Pre-Existing Contamination and
contamination arising post Completion, that is ‘Post-Completion Contamination’, then an
assessment has been made as to the extent to which the contamination is thought to be Pre-
Existing Contamination’ based on the decision process outlined above. Where the precise
allocation as to ‘Pre-Existing Contamination’ and otherwise is not known, an estimate has been
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made based on the best information available, including records and information provided by
AGLM regarding activities (including remediation or spills) which have occurred post
Completion.

For contamination which is considered to be the result of sources which existed prior to
Completion and which remain in place, an estimate has been made as to the extent to which
the contamination is Pre-Existing Contamination based on:

= the period of time the source of the contamination has been operating or has been in place
on LL; and

= the period of time which has elapsed from Completion, until the date on which the relevant
samples were taken.

The only exceptions to this process are if:

= AGLM is known to have remediated a source of contamination since Completion; or
= the contamination is known to have been caused by an incident or circumstances which
occurred after Completion.

12.3 Post Completion Incidents

On the 6" November 2017, AGLM provided ES with information related to four incidents that
had occurred at either the BPS or LPS Post Completion and had the potential to impact the
sampling results collected during the APECS. These incidents were:

= An elevated pH recording of 9.32 within BPS EPL 779 Discharge Point 7 (Tinkers Creek) on
the 9" of April 2017;

= AFerric Chloride leak resulting in a pH reading of 5.7 on the 11™ March 2015;

= An elevated pH reading at the Bayswater Demin Plant on the 14" May 2015; and

= A Spill of 20L of fuel on the 8" January 2016.

ES understands that the elevated pH reading reported at BPS EPL 779 Discharge Point 7
(Tinkers Creek) had the potential to impact the pH and Ammonia results reported in this LL
APECS. Specifically, those pH and Ammonia results reported from the following AECs:

= AEC 25 (Coal Settling Basin);

= AEC 27 (over under weir to Tinkers Creek) Understood to be the location of the BPS EPL
779 Discharge Point 7 location;

= AEC 109 (Dump Valve Dam); and

= AEC 143 (Tinkers Creek).

See Table 12-1 below for a summary of the reported pH and Ammonia results collected from
above AECs.

Table 12-1: Discharge Point 7 post Completion Incident — Relevant AEC surface water results

Sampling Sampling Reported Reported

Location Date pH Ammonia
concentration
(mg/L)

B_25 ESSWO01 7/07/2015 6.7 0.04

B_25 ESSW02 7/07/2015 7.5 0.03

AEC 27 No surface water sampling occurred in

this location
L_109_ESSWO01 9/07/2015 8.3 0.02
L_109_ESSWO02 9/07/2015 8.5 0.02
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Sampling Sampling Reported Reported
Location Date pH Ammonia

concentration
(mg/L)
L_143_ESSWO01 15/07/2015 7.2 0.05

The AGLM report stated that on the 9 April 2015 stated that an estimated 50-100 litres of
accumulated ammoniated water from an ammonia tank was discharged through the
stormwater drain at 1100 hours, understood to be at BPS, proximal to AEC 3 (1/2 Forebay).

At 1144 hours to 1240 hours the pH limit of 8.5 at the BPS EPL 779 Discharge Point 7 was
exceeded. At 1156 hours, the pH peaked at 9.32.

ES completed sampling approximately three months following the incident in AECs listed
above. The pH recorded from these AECs were either equal to or below the BPS EPL 779
Discharge Point 7 limit. Therefore, ES considers that the conclusions drawn from the pH
results collected from AEC 25, AEC 109, and AEC 143 are reliable for the purposes of the LL
APECS.

The BPS EPL 779 Discharge Point 7 does not provide an ammonia discharge limit, and at the
time of the incident AGLM did not report recording ammonia concentrations from this
location. Therefore, due to the lack of information, ES considers the Ammonia concentrations
reported from AEC 25, 109, and 143 to be estimates only of actual ammonia in surface water.
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13 Conclusions

The following section provides discussion as to whether evidence exists to support a
determination of Pre-Existing Contamination based on the assessment of the results reported
for scope of work completed for the LL APECS.

13.1 General

Based on the limitations of the LL APECS, to the extent that any CoPCs detected below the
adopted assessment criteria in the LL APECS are above naturally occurring background levels,
then they are considered to be Pollution (given the definitions adopted for this LL APECS). All
reported results should be re-considered in the event of a change in the current landuse or
relevant assessment criteria, to determine the risks to human health and the environment.

13.2 Sediment

The report by ERM relating to the environmental condition of sediment and waters in LL
reported that concentrations of some CoPC in sediments exceeded the criteria adopted for the
assessment. Specifically, concentrations of the arsenic, copper, mercury and nickel were
reported above adopted sediment acceptance criteria.

ES notes that some of the Sediment Assessment Criteria (SDAC) reported above by ERM differ
from that reported by ES. ES have checked the accuracy of the SDAC used in the LL APECS and
are satisfied that the criteria used by ES for LL APECS are reliable.

The results reported by ERM provide evidence that Pre-existing Contamination was present in
sediment in LL at Completion.

Sediment thickness measured across LL by ES, indicated that sediment build up in LL occurs at
a very low rate, with sediments in many locations sampled being less than 0.1 m thick and pre-
lake materials being encountered in a number of locations. This supports the determination
that most of the sediment collected as part of the LL APECS was in situ at the time of Completion
and, accordingly, the Contamination and Pollution detected in sediments constitutes Pre-
existing Contamination.

13.2.1 LL Sediment

Results of the present LL APECS indicate that concentrations of arsenic, copper, mercury and
nickel as well as the organic compounds, Total Organic Carbon (TOC) normalised Polycyclic
Aromatic Hydrocarbons (PAHs) and Total Petroleum Hydrocarbons (TPH) exceeded the SDAC
as follows:

= Metals and Metalloids
0 Arsenic: 12 out of 46 samples >ISQG-low — 20 mg/kg (maximum 24 mg/kg);
0 Copper: 15 out of 46 samples >ISQG-low — 65 mg/kg, 2 samples >ISQG-high —
270 mg/kg (maximum 350 mg/kg);
0 Mercury 10 out of 46 samples >ISQG-low — 0.15 mg/kg, 2 samples >ISQG-high
—1 mg/kg (maximum 1.4 mg/kg); and
0 Nickel: 11 out of 46 samples >ISQG-low — 21 mg/kg (maximum 41 mg/kg).
= Qrganic Compounds
O PAHs (all results TOC normalised)
= Acenaphthene:
e 24 out of 46 samples >ISQG-low — 0.016 mg/kg, (maximum
0.316 mg/kg);
= Acenaphthylene:

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0



e 12 out of 46 samples >ISQG-low — 0.044 mg/kg, (maximum
0.25 mg/kg);
* Anthracene:
e 4 out of 46 samples >ISQG-low — 0.085 mg/kg, (maximum
0.316 mg/kg);
* Benz(a)anthracene:
e 2 out of 46 samples >ISQG-low — 0.261 mg/kg,1 sample
>|SQG-high — 1.6 mg/kg (maximum 2.0 mg/kg);
= Benzo(a)pyrene:
e 1 out of 46 samples >ISQG-low — 0.43 mg/kg, (maximum
0.5 mg/kg);
*  Chrysene:
e 2 out of 46 samples >ISQG-low — 0.384 mg/kg, (maximum
1.5 mg/kg);
* Dibenz(a,h)anthracene:
e 6 out of 46 samples >ISQG-low — 0.063 mg/kg, (maximum
0.25 mg/kg);
*  Fluoranthene:
e 2 out of 46 samples >ISQG-low — 0.6 mg/kg, (maximum 4.0
mg/kg);
*  Fluorene:
e 24 out of 46 samples >ISQG-low — 0.019 mg/kg, 1 sample
>1SQG-high — 0.54 mg/kg (maximum 0.633 mg/kg);
= Naphthalene:
e 2 out of 46 samples >ISQG-low — 0.16 mg/kg, (maximum
0.25 mg/kg);
*  Phenanthrene:
e 3 out of 46 samples >ISQG-low — 0.24 mg/kg, 2 sample
>ISQG-high — 1.5 mg/kg (maximum 2.5 mg/kg);
= Pyrene:
e 2 out of 46 samples >ISQG-low — 0.24 mg/kg, 2 sample
>ISQG-high — 2.6 mg/kg (maximum 3.0 mg/kg);
* Low molecular weight PAHs:
e 6 out of 46 samples >I1SQG-low — 0.552 mg/kg, 2 sample
>ISQG-high — 3.16 mg/kg (maximum 4.25 mg/kg);
* High molecular weight PAHs:
e 2 out of 46 samples >ISQG-low — 1.7 mg/kg, 1 sample
>ISQG-high — 9.6 mg/kg (maximum 11.25 mg/kg); and
=  PAHs (Sum of total):
e 2 out of 48 samples >ISQG-low — 4 mg/kg, (maximum 18
mg/kg).
O TPH (results TOC normalised)
* (C6-C40: 3 out of 46 samples >NADG 2009 — 550 mg/kg (maximum
2950 mg/kg).

It is noted that TOC normalisation was not carried out as part of the ERM assessment and
therefore the ERM dataset could not be compared to the ANZECC (2000) guidelines (Ref.26).
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13.2.2 Sediment from Discharge Points from LPS - Locations

The LL APECS reported concentrations of lead, zinc, PAHs and TPH in sediment collected from
six specific points on the shore of the eastern shore of the LPS that discharge directly into LL.
These exceeded the SDAC as follows:

=  Metals
0 Lead: 2 out of 6 samples >ISQG-low — 50 mg/kg (maximum 82 mg/kg); and
0 Zinc: 1 out of 6 samples >ISQG-low — 200 mg/kg, 1 sample >ISQG-high — 410
mg/kg (maximum 970 mg/kg).
= Qrganic Compounds
O PAHs (all results TOC normalised)
= Acenaphthene:
e 6 out of 6 samples >ISQG-low — 0.016mg/kg, (maximum
0.0556 mg/kg).
= Acenaphthylene:
e 4 out of 6 samples >ISQG-low — 0.044 mg/kg, (maximum
0.25 mg/kg);
* Anthracene:
e 4 out of 6 samples >ISQG-low — 0.085 mg/kg, (maximum
0.25 mg/kg);
= Dibenz(a,h)anthracene:
e 3 out of 6 samples >ISQG-low — 0.063 mg/kg, (maximum
0.25 mg/kg);
*  Fluorene:
e 6 out of 6 samples >ISQG-low — 0.019 mg/kg, (maximum
0.1667 mg/kg);
* Naphthalene:
e 2 out of 6 samples >ISQG-low — 0.16 mg/kg, (maximum
0.25 mg/kg);
* Phenanthrene:
e 2 out of 6 samples >ISQG-low — 0.24 mg/kg, (maximum 2.5
mg/kg);
* Low molecular weight PAHs:
e 3 out of 6 samples >ISQG-low — 0.552 mg/kg, (maximum
1.75 mg/kg);
O TPH (results TOC normalised)
= TPH Cs-Cso: 1 out of 6 samples >NADG 2009 — 550 mg/kg (maximum
575 mg/kg). All of the infrastructure or activities in and around LL
were present or occurring at, or prior to, Completion. Accordingly, ES
considers that all of the sediment contamination identified in LL
constitutes Pre-existing Contamination.

13.2.3 Sediment from LL adjacent the Northern Peninsula

ES reported PFAS in LL a near-shore sediment sample collected from one of the two sampling
locations the north-eastern side of the Northern Peninsula firefighting area, immediately
northwest of AEC 105. PFAS was detected in the form of PFOS in a concentration greater than
the Limit of Reporting (LOR) - 0.0012 mg/kg (L_P_ESSDO1). ES have been informed by AGLM
that “to the best of AGLM’s knowledge and belief, no PFOS has been used anywhere on BPS or
LPS post-Completion”. Based on this information ES consider the detected PFOS
concentration at L_P_ESSDO1 to be Pre-Existing Contamination.
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13.3 Surface Water

The report by ERM relating to the environmental condition of sediment identified elevated
concentrations of boron, chromium and copper for the majority of samples of surface water
collected.

All of the infrastructure and activities in and around LL were present and occurring at, or prior
to, Completion. Accordingly, ES considers that the surface water contamination identified in
LL predominantly constitutes Pre-existing Contamination.

13.3.1 Surface Water from LL

The LL APECS reported concentrations of ammonia, boron, copper, mercury and zinc within LL
above the Surface Water Assessment Criteria (SWAC) as follows:

= Ammonia: 2 out of 44 samples > NHRMC (2008) guideline of 50 pg/L (maximum 100 pg/L);
= Metals and Metalloids;
0 Boron (B): 50 out of 50 samples >ANZECC 2000 FW 95% - 0.09 mg/L (maximum
0.98 mg/L);
0 Copper (Cu): 50 out of 50 samples >ANZECC 2000 FW 95% - 0.0014 mg/L
(maximum 0.011 mg/L);
0 Mercury (Hg): 2 out of 50 samples >ANZECC 2000 FW 95% - 0.06 mg/L
(maximum 0.1 mg/L); and
0 Zinc (Zn): 3 out of 50 samples >ANZECC 2000 FW 95% - 0.008 mg/L (maximum
0.05 mg/L).
Surface Water from AECs which discharge into LL

ES completed surface water sampling in the following locations which are considered likely to
be discharging LL:

= Tinkers Creek (AEC 143); = Drainage line Chilcotts Creek (AEC 78);
=  Dump Valve Dam (AEC 109); = Old Coal Stockpile Area (AEC 79);

=  Seepage from Ash Dam (AEC 111); = Western Holding Pond (AEC 137);

=  Creek from Skimmer Dam (AEC 112); = LPS Coal Stockpile Area (AEC 138);

= Skimmer Dam (AEC 113); = Qutfall Canal (AEC 90);

= Antiene - Basin 3 (AEC 67); = Solar Plant Discharge (AEC 129);

= Antiene Rail Loop (AEC 74); = Chemical Drain Outfall (AEC 94);

= Cullen Gully (AEC 77); = Interceptor Pits (AEC 95); and

= Drainage from Stockpile (AEC 140); = Qil and Grit Trap (AEC 99).

The LL APECS reported concentrations of the following metals and metalloids and inorganics
above the SWAC in surface water from Areas of Environmental Concern (AECs) on the BPS
and LPS that discharge into LL as follows:

= Metals and Metalloids
0 Arsenic: 3 out of 36 samples > Recreational Water & Aesthetics — 50 pg/L
(maximum 130 pg/L);
0 Boron: 32 out of 36 samples > ANZECC 2000 FW 95% - 90 pg/L, 7 of 36 samples
>Recreational Water & Aesthetics — 1000 pg/L (maximum 2000 pg/L);
0 Cadmium: 10 out of 36 samples > ANZECC 2000 FW 95% - 0.2 pg/L, (maximum

1.6 pg/L);
0 Copper: 33 out of 36 samples > ANZECC 2000 FW 95% - 1.4 pg/L, (maximum
600 pg/L);
O Lead: 4 out of 36 samples > ANZECC 2000 FW 95% - 3.4 ug/L, (maximum 25
mg/L);
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O Mercury: 5 out of 36 samples > ANZECC 2000 FW 95% - 0.06 pg/L, (maximum
0.25 ug/L);

0 Nickel: 6 out of 36 samples > ANZECC 2000 FW 95% - 11 pg/L, 2 of 36 samples
>Recreational Water & Aesthetics — 100 pg/L (maximum 230 pg/L);

0 Selenium: 9 out of 36 samples > ANZECC 2000 FW 95% - 5 ug/L, 7 of 36 samples
>Recreational Water & Aesthetics — 10 pg/L (maximum 120 pg/L);

0 Zinc: 23 out of 36 samples > ANZECC 2000 FW 95% - 8 pg/L, (maximum 410
ug/L);

=  Ammonia: 13 out of 38 samples > NHRMC (2008) Recreational guideline of 50 pg/L
(maximum 650 pg/L).

13.3.2 Surface Water from LPS Discharge Points into LL

ES reported concentrations of the following metals and inorganics above the SWAC from
water collected from specific points that discharge into LL.

= Metals and metalloids;
O Boron: 8 out of 8 samples > ANZECC 2000 FW 95% - 90 ug/L, 2 of 8 samples
>Recreational Water & Aesthetics — 1000 pg/L (maximum 1100 ug/L);
0 Copper: 8 out of 8 samples > ANZECC 2000 FW 95% - 1.4 pg/L, (maximum 13

ug/L);

0 Mercury: 1 out of 8 samples > ANZECC 2000 FW 95% - 0.06 pg/L, (maximum
1.2 pg/L);

O Zinc: 3 out of 8 samples > ANZECC 2000 FW 95% - 8 ug/L, (maximum 64 ug/L);

= |norganics

0 Ammonia: 4 out of 6 samples >NHMRC (2008) 50 pg/L. One sample
(LAW_LL_ESSWO03) reported a concentration of 1,000 pg/L which is above the
ANZECC (2000) FW 95% (900 ug/L);

0 Chloride: 1 out of 6 samples >Recreational Water & Aesthetics — 400 mg/L
(maximum 46 000 mg/L);

0 Sodium: 2 out of 6 samples >Recreational Water & Aesthetics — 300 mg/L
(maximum 8900 mg/L);

0 Sulphate: 6 out of 6 samples >Recreational Water & Aesthetics — 400 mg/L
(maximum 35 000 mg/L).

13.3.3 Surface Water from LL adjacent the Northern Peninsula

ES reported PFAS in one of the two LL surface water samples collected from the north-eastern
side of the Northern Peninsula firefighting area, immediately northwest of AEC 105. PFAS was
detected in the form of PFOS in a concentration equal to the SWAC for Ecological Protection
(95% Species - Moderately Disturbed); WA Interim PFAS Guidelines 2016: 0.13 pg/L
(L_P_ESSWO01). As outlined above, ES have been informed by AGLM that “to the best of
AGLM'’s knowledge and belief, no PFOS has been used anywhere on BPS or LPS post-
Completion”. Based on this information ES consider the detected PFOS concentration at
L_P_ESSDOL1 to be Pre-Existing Contamination.

13.3.4 Salinity

ERM did not report analytical salinity concentrations within LL as part of the previous
assessment (Ref.6). Concentrations within both deep and shallow surface water samples
collected from within LL during the LL APECS ranged from 780 to 1600 mg/L. The mean
concentration of 1153 mg/L exceeds the adopted acceptance criteria.

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0



ES also reported a maximum salinity concentration within LL of 30 000 mg/L, collected from
the outlet of Discharge Point 4 (Chemical drain) which emanates from the LPS (refer to Section
5.3). The Chemical Drain discharge point is not licenced under the BPS EPL 779 or the LPS EPL
2122.

All of the infrastructure and activities in and around LL were present and occurring at, or prior
to, Completion. Accordingly, ES considers that the salinity in surface water in LL predominantly
constitutes Pre-existing Contamination.

13.3.5 Ammonia

As summarised in Section 13.3.1, Ammonia was reported in concentrations above the SWAC
from samples collected during the LL APECS. All of the infrastructure and activities in and
around LL were present and occurring at, or prior to, Completion. Accordingly, ES considers
that the ammonia in surface water in LL predominantly constitutes Pre-existing Contamination.

13.3.6 Edible Aquatic Species
The Edible Aquatic Species Assessment completed as part of the LL APECS concluded that:

“Sampling at LL collected eight fish from three different species. All fish were
greater than 10 months old and would have been alive on 2 September 2014
(Completion), when the Liddell and BPSs were purchased by AGL Macquarie. All
fish had concentrations of selenium that exceeded the maximum recommended
concentration set by Food Standards Australia and New Zealand.”

All of the infrastructure and activities in and around LL were present and occurring at, or prior
to, Completion. Accordingly, ES considers that all of the selenium detected in fish in LL
constitutes Pre-existing Contamination.

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0



14

References

The following references were used in the preparation of this report:

1. http://www.rms.nsw.gov.au/about/news-events/news/members-of-
parliament/2014/140707-lake-liddell-boating-
facilitiesupgraded.pdfhttp://www.rms.nsw.gov.au/about/news-
events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilities-
upgraded.pdf (Accessed 2015).

2. https://www.agl.com.au/about-agl/how-we-source-energy/thermal-energy/agl-
macquariehttps://www.agl.com.au/about-agl/how-we-source-energy/thermal-
energy/agl-macquarie (Accessed 2015).

3. AGLM Specification: Additional Pre-Existing Contamination Study, Bayswater and LPSs,
April 2015.

4. ERM (October 2013) BPS, Preliminary Environmental Site Assessment. Macquarie
Generation — Project Symphony. Ref 0213879RP01_DRAFT Rev02.

5. ERM (October 2013) LPS, Preliminary Environmental Site Assessment. Macquarie
Generation — Project Symphony. Ref 0213879RP02_DRAFT Rev02.

6. ERM (January 2014) BPS, Stage 2 Environmental Site Assessment. Macquarie
Generation — Project Symphony. Ref 0224193RP01.

7. ERM (January 2014) LPS, Stage 2 Environmental Site Assessment. Macquarie
Generation — Project Symphony. Ref 0224198RP02.

8. Environmental Strategies - BPS, LPS, LL and Tomago Sampling, Analysis and Quality
Plan to Identify Pre-Existing Contamination Prepared for AGL Macquarie;
15092RP01_SAQP, June 2015.

9. Australian and New Zealand Environment and Conservation Council / Agriculture and
Resource Management Council of Australia and New Zealand (October 2000) National
Water Quality Management Strategy; Australian and New Zealand Guidelines for Fresh
and Marine Water Quality.

10. Australian Government (2009) National Assessment Guidelines for Dredging.

11. CSIRO (2005) Handbook for Sediment Quality Assessment; Simpson et al.

12. NSW Health (2001) Metal contamination of major NSW fish species available for human
consumption.

13. Australian Government (2015) Australian and New Zealand Food Standards Code-
Standard 1.4.1- Contaminants and Natural Toxicants.

14. Australian Government (2015) Australian and New Zealand Food Standards Code-
Standard 1.4.2- Maximum Residue Limits.

15. Geologicial Survey of NSW, Department of Mineral Resources (1987) Jerrys Plains 1:25
000 Geological Sheet 9033-11-S, Edition 1.

16. Geologicial Survey of NSW, Department of Mineral Resources (1991) Camberwell 1:100
000 Geological Sheet 9133, Edition 1.

17. http://allwaterdata.water.nsw.gov.au/water.stmhttp://allwaterdata.water.nsw.gov.a
u/water.stm (Accessed 2015).

18. http://www.abc.net.au/news/2014-08-20/agl-modelling-says-hunter-power-plant-
and-aluminium-smelter-cou/5683466http://www.abc.net.au/news/2014-08-20/agl-

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study

Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0


http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilitiesupgraded.pdf
http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilitiesupgraded.pdf
http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilitiesupgraded.pdf
http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilitiesupgraded.pdf
http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilities-upgraded.pdf
http://www.rms.nsw.gov.au/about/news-events/news/members-of-parliament/2014/140707-lake-liddell-boating-facilities-upgraded.pdf
https://www.agl.com.au/about-agl/how-we-source-energy/thermal-energy/agl-macquarie
https://www.agl.com.au/about-agl/how-we-source-energy/thermal-energy/agl-macquarie
https://www.agl.com.au/about-agl/how-we-source-energy/thermal-energy/agl-macquarie
https://www.agl.com.au/about-agl/how-we-source-energy/thermal-energy/agl-macquarie
http://allwaterdata.water.nsw.gov.au/water.stm
http://allwaterdata.water.nsw.gov.au/water.stm
http://allwaterdata.water.nsw.gov.au/water.stm
http://www.abc.net.au/news/2014-08-20/agl-modelling-says-hunter-power-plant-and-aluminium-smelter-cou/5683466
http://www.abc.net.au/news/2014-08-20/agl-modelling-says-hunter-power-plant-and-aluminium-smelter-cou/5683466
http://www.abc.net.au/news/2014-08-20/agl-modelling-says-hunter-power-plant-and-aluminium-smelter-cou/5683466

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.

30.

31.

32.

33.

34.

35.

modelling-says-hunter-power-plant-and-aluminium-smelter-cou/5683466 (Accessed
2015).

National Environment Protection Council (1999) National Environmental Protection
Measure 1999 as amended 2013 — Assessment of Site Contamination. Schedule B(2)
Guideline on Site Characterisation (NEPC 2013).

NSW DECC (2007) Guidelines for the Assessment and Management of Groundwater
Contamination.

NSW EPA (1995) Sampling Design Guidelines.

NSW EPA (2000) Guidelines for Consultants Reporting on Contaminated Sites.
Australian/New Zealand Standard, AN/NZS 4360:2004, Risk Management — Principles
and guidelines.

Eco Logical Australia (2015) Toxicity assessment of edible fish collected from LL.
Prepared for Environmental Strategies, 15ARM-1640 (November 2015).

Australian and New Zealand Environment and Conservation Council (ANZECC, 2000)
Australian New Zealand Australian and New Zealand Guidelines for Fresh and Marine
Water Quality 95% Level of Protection Trigger Values for Fresh Water.

Australian and New Zealand Environment and Conservation Council (ANZECC, 2000)
Interim Sediment Quality Guideline Trigger Values.

Commonwealth of Australia (2011) Australian Drinking Water Guidelines 6

National Water (2011) Brackish groundwater: a viable community water supply option?
New South Wales (NSW) Environment Protection Authority (EPA) Environment
Protection Licence (EPL) 2122.

Commonwealth Department of Environment and Energy (October 2016) -
Commonwealth Environmental Management Guidance on Perfluorooctane Sulfonic
Acid (PFOS) and Perfluorooctanoic Acid (PFOA).

Cooperative Research Centre for Contamination Assessment and Remediation of the
Environment (January 2017) — Technical Report No.38; Assessment, management and
remediation for PFOS and PFOA.

NSW Office of Environment and Heritage (May 2017) — Draft PFAS Screening Criteria.
Australian Government Department of Health (April 2017) — Health Based Guidance
Values for PFAS for use in Site Investigations in Australia.

National Health and Medical Research Council (NHMRC, 2008) Guidelines for Managing
Risks in Recreational Water.

Western Australia Department of Environment Regulation (WA DER, February 2016)
Interim guideline on the assessment and management of perfluoroalkyl and
polyfluroalkyl substances.

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0


http://www.abc.net.au/news/2014-08-20/agl-modelling-says-hunter-power-plant-and-aluminium-smelter-cou/5683466

>
o
o
m
<
=
X
>
|
2
O
7,
=
3
3
)
4
®
wn
2
)
(o
>
)
=2
=
Q)
S
Ll

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0




>
v
v
m
P
O
X
v o)
|
v
q
i
m
X,
wn
=g
-
oQ
(@)
@)
-
e~
Q
3,
-
Q)
=7
@)
-
O
®
0,
A
@)
-
1
q
@)
(@)
()
wn
wn

AGL Macquarie Pty Limited Additional Pre-Existing Contamination Study
Lake Liddell, NSW Vol 4 of 7: 15106 LL APECS — FINAL Rev.0




Pre-Existing Contamination Decision Process

Do the sampling and analysis results from this Contamination
assessment or the previous ERM assessments, indicate or pollution is

that any contamination or pollution is present above not present
naturally occurring background levels?

Yes

Was the most likely source/s of the contamination and/or The

pollution identified present at Completion? contamination or
pollution
identified is
considered
unlikely to be
Pre-Existing
Based on data collected during this assessment, the I Contamination
previous ERM assessments and a review of the
information and records provided by AGLM, is it
considered likely that the contamination and/or pollution
occurred either:

(a) wholly before Completion; or

(b) partially before Completion?

Yes/source unknown

Yes - wholly Yes - partially

All of the
contamination
and/or
pollution is
considered to

The proportion of the contamination
and/or pollution which is Pre-Existing
Contamination must be estimated
based on the best information
available (including data collected

be Pre-Existing
Contamination

during this assessment, the previous
ERM assessments and a review of the
information and records provided by
AGLM regarding any incidents or
changes to activities or structures
which occurred post-Completion).

Printed 15/02/18 (13:54)
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Site Location

Pre-Existing Contamination Study mmstrategies
Lake Liddell NSW

15106 LL APECS

Antiene
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Ki|0meters NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),
swisstopo, Mapmylindia, © OpenStreetMap contributors, and the GIS User Community
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Figure AEC LL Locations
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