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Nomics

ACRONYMS USED IN THIS REPORT

AAA

AASS

ALS

ANC
ANZECC
ARMCANZ

ASSMP
BTEX
CD
CECR
CRS
CSIRO
DECC
DEWHA
DQO
SEWPaC

EIL
EPA
ESA
ESL
HIL
GA
GPS
HSL
ISQG

Advanced Analytical Australia
Actual Acid Sulfate Soils

ALS Laboratory Group

Acid Neutralising Capacity

Australian and New Zealand Environment and Conservation Council

Agriculture and Resource Management Council of Australia and New

Zealand

Acid Sulfate Soil Management Plan

Benzene, Toluene, Ethylbenzene, Xylene

Chart Datum

CSIRO Centre for Environmental Contaminants Research

Chromium-Reducible Sulfur

Commonwealth Scientific and Industrial Research Organization

Department of Environment and Climate Change
Department of Environment, Water, Heritage and the Arts
Data Quality Objectives

(Department of) Sustainability, Environment, Water,
Communities

Ecological Investigation Level
Environment Protection Authority
Ecotox Services Australasia
Ecological Screening Level

Health Investigation Level
Geochemical Assessments Pty Ltd
Global Positioning System Receiver
Health Screening Level

Interim Sediment Quality Guidelines

Populations and
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LOR
MDS
MGA
NAGD

NODGM

NATA

NEPM

OCPs

No Overflowing
oD

OPPs

Overflowing

PAHs
PASS
PCBs
PSD
QA/QC
RPD
RSD
SAP
SOP
SPC

Limit of Reporting
McLennan Diving Services
Map Grid of Australia

National Assessment Guidelines for Dredging (Commonwealth of Australia,
2009)

National Ocean Disposal Guidelines for Dredged Material (superseded by the
NAGD)

National Association of Testing Authorities

National Environmental Protection Measure

Organochlorine Pesticides

See Overflowing

Outside Diameter

Organophosphorus Pesticides

During dredging operations water is brought to the surface as well as
sediment. As well as the sediment, this water is placed in the split hopper
barge. Where there will be no significant adverse impact and to increase
productivity, once the barge is full of water and sediment, additional sediment
is placed within the barge forcing water to “overflow” the sides of the barge.
This continues until the barge is substantially filled with sediment.

An alternative operation to this is non-overflow, where once the barge is full
of water and sediment, no further material is added and no collected water is
allowed to re-enter the water at the dredge location.

Polycyclic Aromatic Hydrocarbons

Potential Acid Sulfate Soll

Polychlorinated Biphenyls

Particle Size Distribution

Quality Assurance/Quality Control

Relative Per Cent Difference

Relative Standard Deviation

Sampling and Analysis Plan

Standard Operating Procedures

Sydney Ports Corporation
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SVOCs Semi-volatile Organic Compounds
TAA Titratable Actual Acidity

TBT Tributyltin

TOC Total Organic Carbon

TPHs Total Petroleum Hydrocarbons
UCL Upper Confidence Limit

VOCs Volatile Organic Compounds
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EXECUTIVE SUMMARY

Introduction

Caltex Refineries (NSW) Pty Ltd (Caltex) maintains a refinery at Kurnell, as well as a port and
berthing facility within Botany Bay, Sydney. The port and berthing facility comprises the Kurnell Wharf
located to the west of Sutherland Point, a sub-berth and associated turning circle and approaches.

Caltex proposes to dredge a footprint including:

1. the approaches and turning circle (Dredge Area 1);
2. sub-berth (Dredge Area 2); and

3. fixed berths #1 and #2 (Dredge Area 3)

These areas can be seen in Figure 1 and the total dredge volume is approximately 153,000m>. The
purpose of this dredging is to remove material that has accumulated since the previous dredging in
1969 as well as an increase in depth in certain areas. In combination this will allow deeper draft
vessels to enter the existing berths.

This consolidated Sampling and Analysis Plan (SAP) Implementation Report presents the findings of
four separate sediment investigations undertaken by WorleyParsons between November 2009 and
August 2012. The objectives of the sediment investigations have been to:

e ensure an adequate spatial and vertical coverage of the dredge footprint to meet the National
Assessment Guidelines for Dredging (NAGD) minimum sampling requirements;

e analyse the dredge material for identified contaminants of potential concern and physical
properties;

e compare the geochemical concentrations in sediments against the NAGD; and
e determine the suitability of dredge material for sea disposal from each dredge area.

These investigations represent the overall geochemical and physical assessment of sediments within
the proposed dredge footprint, and can be used to determine the potential options for disposal and re-
use of this material. A separate report (URS 2013) has been prepared summarising the potential
options and has identified that the preferred option is to dispose the majority of the material within the
Sydney Offshore Spoil Ground (refer Figure 2). Up to 6,000m*® of material is also suitable to be
disposed of within Botany Bay, as fill material for a former anchor point and areas subject to pipeline
scour (refer Figure 1). The outcomes of the sediment investigations and data interpretation presented
within this report will support applications for approvals for dredging and ocean disposal from the
relevant government agencies (i.e. (Department of) Sustainability, Environment, Water, Populations
and Communities — SEWPaC).
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Following project initiation in 2009, 4 separate investigations were undertaken. Figure 3 contains a
plot of the location of the collected samples.

1) 2009 Preliminary Sediment Investigation (Section 1.1.1)

The preliminary investigation was conducted to gain an initial characterisation of the physical
properties and concentrations of geochemicals within the dredge footprint. At this stage the
final dredge footprint had not been determined and it was expected that additional sampling
would be required based on the findings of these investigations.

A SAP was not submitted to the Department of Environmental, Water, Heritage and the Arts
(DEWHA) (predecessor to SEWPaC) for approval as the sampling was preliminary only, and
sampling needed to fit within tight Caltex schedules.

2) 2010 Supplementary Sediment Investigation (Section 1.1.2)

Following analysis of results from the 2009 investigations, discussions with Sydney Ports
Corp (SPC) pilots and a review of updated hydrographic survey data, a supplementary
sediment investigation was undertaken. The purpose of this investigation was to characterise
physical and geochemical properties within the enlarged dredge area identified by the pilots,
as well as assess the bioavailability and toxicity of elevated tributyltin (TBT) concentrations
analysed during the 2009 investigations.

A SAP was prepared and submitted to DEWHA for review, with minor requested amendments
included (refer Appendix 1) prior to sampling being undertaken.

3) 2011 Supplementary Sediment Investigation (Section 1.1.3)

As the overall project developed, further modifications were made to the dredge footprint,
requiring additional sampling in order to meet NAGD requirements. In addition it was
necessary to identify whether any hydrocarbon contamination was present following an oily
water discharge from the refinery in March 2011.

A SAP was prepared and submitted to the SEWPaC for review, with amendments included
(refer Appendix 2) prior to sampling being undertaken. The SAP also provided details on the
methodology and results from the previous investigations.

4) 2012 Supplementary Sediment Investigation (Section 1.1.4)

A vessel manoeuvrability review by SPC’s pilots in 2012 recommended a proposed widening
of the two fixed berths. This resulted in the identification of additional dredging volumes for
fixed berths #1 and #2 (Dredge Area 3), requiring additional sediment sampling and analysis
in order to meet NAGD requirements.

A Supplementary SAP was prepared for the additional sediment investigation (refer
Appendix 3), however due to Caltex’s time constraints on the development of the fixed
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berths, the supplementary sediment sampling was completed prior to the approval of the
Supplementary SAP by SEWPaC.

Sampling Methodology

In total, 53 locations for sediment samples were selected with the number of samples collected for
each dredge area satisfying the minimum sampling requirements stipulated in the NAGD (refer
Table 1). As recommended by the NAGD, random sampling was used in 2009 and 2012, while a
judgemental sampling pattern was used in 2010 and 2011. Judgemental sampling was used as there
were specific issues to be addressed, including:

e areas with the greatest sediment accretion;
e areas with elevated levels of TBT; and
e areas not covered in previous sampling.

In 2009, 2010 and 2011, samples were collected using vibrocores to a depth of up to 3.5m. The
actual depth depended on the depth of dredging and whether the core reached refusal. In addition,
sediment samples were collected by pushing a core to a depth of 0.5m or use of a Petite Ponar grab
sampler. Where necessary, additional cores and samples were taken to ensure that sufficient volume
of sediment was retrieved for the required analysis. Standard Operating Procedures for the coring,
surface sampling and sub-sampling were prepared and are included in Appendix 6.

Ambient seawater for use in elutriate analysis and elutriate toxicity testing was collected in a triple-
rinsed plastic bucket.

In 2012, cores were collected using a piston push corer or a light weight vibrocorer and driven either
to the depth of dredging or refusal. Where necessary, additional cores and samples were taken to
ensure that sufficient volume of sediment was retrieved for the required analysis.

For all sampling activities, core logs were taken and information recorded on each sample location
(refer Appendix 5). In total 99 primary samples and 24 QA/QC samples were collected (refer
Table 2).

A range of over 50 parameters were analysed depending on the sample location, providing a total of
over 2,800 individual analysis results (refer Table 7, Appendix 8 and Appendix 9). Table 4 (in
Section 2.8) contains a summary of the various tests conducted. In addition:

e Section 2.2 contains details on sampling and sample processing;
e Section 2.3 provides additional information on the QA/QC sampling; and

e Sections 2.4 to 2.7 contain details on the analysis that was undertaken as part of the 4
separate investigations, including NAGD Phase Il geochemical analysis, NAGD Phase Ill TBT
elutriate testing and NAGD Phase IV TBT toxicity testing. NAGD Phase Il and IV testing was
required due to the elevated levels of TBT that was identified within the dredge footprint.
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Physical Characteristics

Section 3.1 contains details on the particle size distribution of samples collected within the dredge
footprint. This shows that sediments within the approaches, turning circle and sub-berth (Dredge
Areas 1 and 2) are dominated by sand with a mean sand content of 89% and 93% respectively.

Samples from fixed berths #1 and #2 (Dredge Area 3) contain sand (<5% fine faction) to muddy sand
(10-20% fine fraction), usually overlaying peat (a hard, black consolidated material, ~30-50% fine
fraction content). Peat was either found at the surface or under a layer of unconsolidated sediment
(muddy sand). Due to its hard consolidated nature, the presence of peat often caused core refusal
during sampling activities. This is acceptable under the NAGD guidelines due to the fact that
contaminants are unlikely to penetrate into consolidated layers. A review of historic borehole logs
provided by Caltex (Australian Oil Refinery Limited (1953) Boring Plan AS6201-7 and Plan AA.6653-
1) confirmed that peat had been observed within this area previously. As found during the sampling
discussed within this report, the historic borehole logs showed peat layers at depths of -10 to -13m
Chart Datum (CD). Figure 5 contains details of the spatial distribution of peat based on the sampling
that has been undertaken.

Geochemical Characteristics

The NAGD (Commonwealth of Australia, 2009) requires up to 5 phases of contaminant investigation
depending on the findings of previous phases. Figure E1 summarises these phases.

Geochemical testing on sediment samples from the dredge footprint comprised:

e a suite of heavy metals (silver (Ag), arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr),
copper (Cu), mercury (Hg), manganese (Mn), nickel (Ni), lead (Pb), tin (Sb), selenium (Se),
vanadium (V), and zinc (Zn));

e polycyclic aromatic hydrocarbons (PAHSs);

e total organic carbon (TOC);

o tributyltin (TBT);

e benzene, toluene, ethylbenzene and xylene (BTEX);
o total petroleum hydrocarbons (TPHs) (Cg-Cgg);

e organochlorine pesticides (OCPs);

e organophosphorus pesticides (OPPs); and

e polychlorinated biphenyls (PCBs).
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Figure E1 Assessment of potential contaminants (Figure 3, Commonwealth of Australia,
2009)

Evaluate Existing Information

Information Sufficient for decision, or possibility of
exemption from testing.
Yes Negoliate with Determining Authority (DA)

lxo

Sampling and Analysis of Dredge Spoil

PHASE 1

1. Submit Sampling and analysis plan (SAP) to DA for approval
2. Sampling and Analysis for Contaminants of Concern PHASE 11
3. Compare o Screening Levels

¢ Yes All Contaminants below Screening Levels?
lNo
Compare Data to Background Levels
Yes : 5
¢ All contaminants Below?
l\u
. . . i . R PHASE 111
Compare Elutriate Data to Water Quality (WQ) Guidelines
After Initial Dilution
_ Disposal Controls
All contaminants below relevant WQ guidelines? \_0; Effective
l\'es Yes l\'n
Investigate Bioavailability
_AVS - Speciation Unsuitable for
- . ocean disposal
— Pore Water - Elutriate Data !
- Dilute Acid Extraction
Below Compare with relevant criteria
—

l.-\l]l)\'(‘- Toxic or

Bioaccumulative

PHASE IV

Non-Toxic Acute/Chronic Toxicity and Bioaccumulation

Possibly '[‘mivlor Bioaccumulative

Assess Weight-of-Evidence PHASE Y
& - . L4 : ]
T . ) Pass Fail Spoil nn_l suitable for lllllt‘mlilllt'd
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j:\jobs current\301015-03041 caltex dredging design and approvals\11.0 engineering\consolidated sap impl report\301015-03041-cs-rep-
0011_sap implementation report rev d.docm

Page 5 301015-03041 : CS-REP-0011 Rev D : 9 May 2013



WorleyParsons Nomics

resources & energy

CALTEX REFINERIES NSW
CALTEX KURNELL PORT AND BERTHING PROJECT, BOTANY BAY, NSW
SEDIMENT SAMPLING AND ANALYSIS PLAN IMPLEMENTATION REPORT

Results from geochemical analysis are presented within Section 3.2. Overall the geochemical
analysis has identified only one Potential Contaminant of Concern, TBT. The 95% UCL mean’ for all
other contaminants was below the NAGD Screening Level. BTEX, OCPs, OPPs and PCBs were all
below the LOR in all samples.

TBT

TBT was found at elevated levels throughout the dredge footprint.

o Within the approaches and turning circle (Dredge Area 1), TBT was present in the majority of
samples and exceeded the NAGD TBT Sediment Quality High Value (70 pgSn/kg) in over
one quarter of samples. As the 95% UCL of the mean (408 ugSn/kg) exceeded the NAGD
TBT Sediment Quality High Value, Phase Il testing was required to determine bioavailability
of TBT.

o Within the sub berth (Dredge Area 2), TBT was present in the majority of samples and
exceeded the NAGD TBT Sediment Quality High Value in approximately one quarter of
samples. As the 95% UCL of the mean (314 ugSn/kg) exceeded the NAGD TBT Sediment
Quality High Value, Phase Il testing was required to determine bioavailability of TBT.

e Out of 39 samples within fixed berths #1 and #2 (Dredge Area 3), TBT was present in the
majority of samples but only exceeded the NAGD TBT Screening Level (9 ugSn/kg) in 5
samples and the NAGD TBT Sediment Quality High Value in 1 sample. However the 95%
UCL of the mean (25 ugSn/kg) exceeded the NAGD TBT Screening Level, requiring Phase Il
testing to determine bioavailability of TBT.

While sample locations with elevated concentrations of TBT in whole sediments are found across the
dredge footprint, elevated concentrations of TBT (normalised to 1% TOC) are predominantly present
in the approaches, turning circle and fixed berths (Dredge Areas 1 and 2) (refer Figure 12). A number
of samples in the fixed berths (Dredge Area 3) contain elevated TOC contents of more than 10% and
up to 40%, resulting in reduced TBT concentrations when normalised to 1% TOC (as specified for
comparison to NAGD Screening Levels).

Normalised concentrations of TBT in sediments are generally below the NAGD Screening Level in the
northern part of the approaches and turning circle (Dredge Area 1) and in the south eastern area of
the turning circle (refer Figure 12).

The majority of sediment samples that exceed the NAGD Screening Level are located in the upper
1 m of sediment (refer Figure 13) when compared to sediments below 1 m depth (refer Figure 14).

' A calculated statistical value that exceeds the mean 95% of the time.
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Phase Il TBT Testing — Water Column

Phase Il elutriate TBT testing was conducted to assess the potential release of sediments into the
water column during disposal operations. This testing showed that without allowing for initial dilution,
the mean concentration of elutriate TBT exceeded the ANZECC/ARMCANZ (2000) water quality
guideline value (6 ng/L). As the raw elutriate results are conservative in nature, the NAGD allows for
correction of these raw results by initial dilution modelling. Note that this dilution modelling is
separate to that undertaken as part of the EIS submitted by Caltex for this project (URS, 2013a).

Preliminary initial dilution modelling was undertaken using the more conservative NAGD analytical
method, considering both disposal within Botany Bay as well as disposal at the Sydney Offshore Spoil
Ground. This modelling indicated that TBT would still exceed the water quality guideline value.
Following further review of these results it was determined that disposal of contaminated material
within Botany Bay would not be pursued further. No further dilution modelling within Botany Bay was
undertaken by WorleyParsons from this point.

The more accurate NAGD numerical (STFATE) initial dilution modelling method was then adopted,
modelling disposal at the Sydney Offshore Spoil Ground. Modelling was initially undertaken using the
physical, geochemical and elutriate properties of sampled sediments collected from the approaches
and turning circle (Dredge Area 1), as this contained the highest sampled mean elutriate TBT
concentrations of all areas. In addition, modeling assumed the disposal of material from four methods
of dredging:

e backhoe loading a split hopper barge with and without overflow; and
e trailer suction hopper dredging with and without overflow.

The different methods of dredging affect the water and sediment content of the material that would be
disposed, causing variations in the dilution of the material.

This modelling indicated that after initial dilution, the maximum concentration of TBT at the Sydney
Offshore Spoil Ground would range from 4.3 x 10” to 8.9 x 10 ng/L, substantially below the
ANZECC/ARMCANZ (2000) trigger values at the 95% and 99% species protection levels (6 ng/L and
0.4 ng/L respectively).

Following the 2012 supplementary sampling, additional numerical modelling for the disposal at the
Sydney Offshore Spoil Ground was undertaken based on the physical, geochemical and elutriate
properties of material from the fixed berths (Dredge Area 3). By this stage it was determined that
dredging in this area would be undertaken using a backhoe loading a split hopper barge (no
overflowing) and therefore only this scenario was modelled for the disposal of material. The results
identified that after initial dilution, the maximum concentration of TBT at the Sydney Offshore Spoil
Ground would be 2.86 x 107 ng/L, again substantially below the ANZECC/ARMCANZ (2000) trigger
values for TBT.

Both the worst case condition existing within the approaches and turning circle (Dredge Area 1) and
the least contaminated condition within fixed berths #1 and #2 (Dredge Area 3) were modelled for
initial dilution during disposal at the Sydney Offshore Spoil Ground. The results of this modelling
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showed that it is unlikely that disposal of the sediments at the Sydney Offshore Spoil Ground will
adversely affect water quality during disposal or affect benthic organisms in the water column.

Phase IV TBT Testing — Bioavailability/Toxicity Testing

Due to the sandy nature of the sediments, it was considered inappropriate to undertake Phase Il pore
water bioavailability testing, and therefore NAGD Phase IV toxicity testing was conducted. Testing
was undertaken as recommended by the CSIRO using whole sediment toxicity testing of Melita
(Melita plumulosa) and toxicity testing of elutriates for Sydney Rock Oyster (Saccostrea
commercialis). Toxicity testing found that the test sediments were considered to be non-toxic to the
reproduction and survival of the amphipod Melita plumulosa, and that there was no detectable toxicity
to the bivalve embryos from the elutriate samples tested.

Acid Sulfate Soil Testing

While not required as part of the NAGD, when during early stages of the project onshore disposal was
being considered, acid sulfate soil testing was undertaken. Both field screening and detailed
laboratory analysis was carried out. The results of these tests indicate that Actual Acid Sulfate Soils
(AASS) are present in two of the sixteen selected samples prior to disturbance of the sediments. Both
samples were obtained from the fixed berths in Dredge Area 3. Based on this, an Acid Sulfate Sail
Management Plan (ASSMP) would be required if the proposed works are expected to result in the
oxidation of the dredged material during removal, transportation, reuse or disposal. The requirement
for an ASSMP is discussed in further detail within the EIS (URS, 2013a), however for the purposes of
the NAGD, no further action is required.

Results of Testing Associated with Oily Water Discharge

Surface samples from the November 2011 sediment investigation reported concentrations of total
TPHs and total PAHs within limits previously reported across the dredge footprint in November 2009
and March 2010 sediment investigations. Concentrations of TPHs and total PAHs were below the
NAGD Screening Levels for all surface sediment samples tested in the November 2011 investigation.
This data indicates that contamination of surface sediments within the dredge footprint resulting from
the oily water discharge from the Caltex Refinery in March 2011 was not discernible.

Peat Layer

As previously discussed a hard consolidated peat layer is widely spread within the fixed berths
(Dredge Area 3). The peat layer has different properties compared to other surficial sediments
sampled within the dredge footprint and therefore additional analysis of the NAGD Phase Il results of
this material has been conducted. This analysis shows that while some individual levels exceed
NAGD Screening Levels, the material is uncontaminated.
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Field observations have shown the peat to be generally highly consolidated and completely dry and
flaky inside the core barrel upon recovery from the seabed. This demonstrates a natural origin and
the uncontaminated character of the material at depth. While levels of As exceeded NAGD Screening
Levels, the non-contaminated nature of the peat is demonstrated by the very low concentrations of all
geochemicals that were analysed (i.e. trace metals, TBT, TPHs, OCPs, OPPs, and PCBs). An
exception to this is elevated concentrations of TBT in surface samples at VC5E.

VOCs and SVOCs. During the 2010 sampling, to check for contamination peat samples were tested
for VOCs and SVOCs. The laboratory data indicated that concentrations of VOCs and SVOCs for
these samples were typically below Limit of Reporting (LOR) (refer Appendix 8).

TOC. TOC testing of peat samples has shown elevated TOC contents of up to 40%. This contrasts
with the lower TOC content in surficial muddy sands overlying the peat and the clean quartzose and
well sorted sand, present at depths below 0.5 m in the north-eastern part of fixed berth #1. As
discussed below, the increased level of TOC has a strong correlation to the level of As, signifying that
the As is a natural component of the peat and not due to contamination.

Arsenic. The geochemical analyses of the peat shows elevated concentrations of As that exceed the
NAGD Screening Level of 20 mg/kg (range in peat: 30.6 to 72.9 mg/kg). One of these samples
(72.9 mg/kg) also exceeds the NAGD Sediment Quality High Value of 70 mg/kg.

Since the consolidated peat unit represents a different sedimentary unit compared to overlying or
adjacent unconsolidated sediments (i.e. sands and muddy sands) and has high levels of As, the
ambient baseline level for As using trace element ratios was determined. This was done by
normalising to ‘non pollutant’ elements, such as Al and Fe, as recommended in the NAGD.

Using Aluminium (Al) as a proxy for partial size, (elevated concentrations of Al representing fine-
grained particulates), a bivariate plot of the concentrations of aluminium against As in whole
sediments has been produced to review the relationship of As to particle size (refer Figure 9). This
plot shows that high concentrations of Al in fine-grained peat correlate positively with elevated
concentrations of As in peat. Although the concentrations of As in peat exceed the NAGD Screening
Level concentration of 20 mg/kg, the strongly positive correlation with Al (i.e. grain size) suggests a
natural (i.e. non-anthropogenic) and grain size-dependent origin of As within the peat.

Similarly, peat and unconsolidated sediments in the fixed berths (Dredge Area 3) also show strongly
positive correlations for bivariate pairs As/Fe (refer Figure 10), and As/TOC (refer Figure 11).

Therefore, the elevated concentrations of As in the peat are substantially due to the fine-grained
nature of the peat material and likely to be of a natural origin. The elevated levels of As do not
appear to be due to contamination.

Conclusion

Based on the Phase I, lll and IV geochemical testing, it is considered that the sediment is suitable for
unconfined disposal within the Sydney Offshore Spoil Ground. The following results were found.
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e Sediments from the dredge footprint showed TBT to be the only contaminant of potential
concern. Phase Ill and IV testing showed that while elevated, the TBT in the dredge sediments
are unlikely to adversely affect water quality or benthic organisms within the water column, while
toxicity tests indicate that TBT is unlikely to cause chronic toxic effects to benthic organisms.

o The 95% UCL for trace metals and PAHs were below respective NAGD Screening Levels.
e BTEX, OCPs, OPPs, PCBs were all below the LOR in all samples.

e While elevated levels of As were found in peat samples, the 95% mean UCL is less than the
NAGD screening levels, and it is believed that the As is of natural origin.

o Within Dredge Area 1, sediments in the northern part of the approaches and in the central and
south eastern area of the turning circle contain comparatively low TBT concentrations relative to
sediments at other sample locations within the dredge footprint.
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Figure 1. Overall Site Plan and Proposed Dredge Depths in Dredge Footprint.
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1 INTRODUCTION

Caltex Refineries (NSW) Pty Ltd (Caltex) proposes to dredge parts of the seabed associated with its
port and berthing facility located in Botany Bay. The areas to be dredged (the dredge footprint) are as
follows (refer Figure 1):

e approaches and turning circle (Dredge Area 1) (to be dredged to -12.8 m Chart Datum (CD));
e sub-berth (Dredge Area 2) (to be dredged to -14.0 m CD); and
o fixed berths #1 and #2 (Dredge Area 3) (to be dredged to -12.8 m CD).

The estimated dredge volume is approximately 153,000 m?.

Sediment sampling and analysis was undertaken to determine the potential options for disposal or
reuse of this material. A separate report summarising the options and identifying the preferred
alternatives has been prepared (URS, 2013b) and identified that the preferred option is to dispose the
majority of the dredged materials to the Sydney Offshore Spoil Ground (refer Figure 2). The
alternative options report (URS, 2013b) also recommends disposing up to 6,000 m? of the ‘cleaner’
dredged material is proposed to be disposed in Botany Bay. This will be used as fill material for a
former anchor point and areas subject to pipeline scour within Botany Bay (refer Figure 1).

The evolvement and development of the project, including changes in the proposed dredge footprint
and dredge material volumes, resulted in four separate sediment investigations being undertaken in
Botany Bay in 2009, 2010, 2011 and 2012. The results of these investigations plus the associated
physical and geochemical data are included in this Sampling and Analysis Plan (SAP) Implementation
Report.

The consolidated findings of this Report supersede the SAP Implementation Report for Dredge Areas
1, 2 and 3 from June 2012 (WorleyParsons, 2012b) and the Supplementary SAP Implementation
Report for the expanded Dredge Area 3 from November 2012 (WorleyParsons, 2012c).

The purpose of this Report is to outline the methodology and findings of the sediment investigations
and to provide an assessment of the suitability of dredge material for ocean disposal under the
requirements stipulated in the National Assessment Guidelines for Dredging (NAGD) (Commonwealth
of Australia, 2009).

While each sediment investigation comprised only a part of the overall assessment, the combined
assessment data provides sufficient information for an assessment under the NAGD.
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Figure 2. Sydney Offshore Spoil Ground

1.1 History of Sediment Assessments in the Proposed Dredge
Areas

The locations where samples were collected on the four separate sediment investigations are shown
in Figure 3.

The following section describes the basis for each of the separate investigations.

1.1.1 2009 Preliminary Sediment Investigation

Caltex identified the need to dredge three areas within its port and berthing facility to remove
sediment that had accumulated since the last dredging campaign undertaken in 1969. These areas
were:

e approaches and turning circle (Dredge Area 1);

e sub-berth (Dredge Area 2); and
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o fixed berths #1 and #2 (Dredge Area 3).

The preliminary sediment investigation aimed to characterise the physical properties and the types
and concentrations of geochemicals present in the sediments of the dredge footprint. At that stage it
was expected that the actual dredge footprint and volumes may change, however preliminary data
was required to determine which contaminants may require additional testing once the final dredge
footprint was known.

The dredging requirements were determined from the Sydney Ports Corporation’s (SPC) 2007
hydrographic survey.

A SAP was not submitted to the then Department of Environmental, Water, Heritage and the Arts
(DEWHA) (predecessor to the Department of Sustainability, Environment, Water, Populations and
Communities - SEWPaC) for review prior to sampling. This was due to the preliminary nature of the
sampling, the overall project schedule at that stage and the requirement to fit in with a suitable
opening within Caltex’s shipping movements, that arose at short notice.

The preliminary sediment investigation was not intended to comprise a full sediment assessment
under the NAGD, but enabled a refinement of the sampling and testing undertaken in subsequent
investigations in 2010, 2011 and 2012. Due to its preliminary nature and a subsequent requirement
for additional sampling, separate reporting of the analytical results was not undertaken for the 2009
sampling. The 2010 Sampling and Analysis Plan (WorleyParsons, 2010) provided detail on the
methodology and results from the 2009 preliminary investigation (refer Appendix 1).

1.1.2 2010 Supplementary Sediment Investigation

Subsequent to the 2009 survey, discussions with the SPC pilots, and review of the SPC 2009
hydrographic survey, it was determined that the dredge footprint needed expanding. In addition,
results of the 2009 sediment investigations showed elevated concentrations of tributyltin (TBT). As
such, further sediment sampling and analysis was required and undertaken as a supplementary
sediment investigation in March 2010. The purpose of this investigation was to:

e characterise the geochemical properties of sediment within the expanded areas of the dredge
footprint; and

e assess the bioavailability and toxicity of elevated TBT concentrations observed in the 2009
preliminary investigation across the dredge footprint.

A SAP was prepared for this investigation (WorleyParsons, 2010) and submitted to the then DEWHA
(predecessor to SEWPaC) for review in February 2010. Following minor requested amendments, the
SAP was approved in March 2010 (refer Appendix 1).

1.1.3 2011 Supplementary Sediment Investigation

Following the sediment sampling investigation in 2010, Caltex further revised their dredging
requirements. Therefore, further sampling and analysis requirements were identified in association
with:
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e inclusion of dredging of fixed berths #1 and #2 (Dredge Area 3) adjacent to the Kurnell Wharf
and in the turning circle to -12.8 m CD;

e identified accumulation of sediment following a review of the 2011 SPC hydrographic survey;

e meeting the required minimum number of sample locations specified in the NAGD for the
increase in dredge volume since the previous sediment sampling and analysis;

e provide a better spatial and vertical coverage of the physical and geochemical characteristics
of the sediments within the dredge footprint; and

o identify whether any hydrocarbon contamination was present in the surficial sediments within
the dredge footprint following an oily water discharge from the Caltex Refinery in March 2011.

A Supplementary SAP (WorleyParsons, 2011) was prepared for the additional sediment investigation.
The Supplementary SAP specified the program of sampling and analysis that would be undertaken in
accordance with the NAGD. It also provided details on the methodology and results from the two
previous sediment investigations (refer Appendix 2).

The Supplementary SAP was submitted to SEWPaC for review in September 2011 and the
Supplementary SAP was amended in accordance with the review comments.

The third sediment sampling and analysis investigation was completed in November 2011 in
accordance with the Supplementary SAP and SEWPaC comments.

1.1.4 2012 Supplementary Sediment Investigation

In 2012 it was identified that additional dredging would be required for fixed berths #1 and #2 adjacent
to the Kurnell Wharf as a result of a vessel manoeuvrability review by SPC’s pilots. The additional
dredging requirements are a result of a proposed widening of the two fixed berths (Dredge Area 3).
Therefore, additional sediment sampling and analysis was required to:

e meet the required minimum number of sample locations specified in the NAGD (due to the
increase in dredge volume); and

e provide a better spatial and vertical coverage within the entire enlarged dredge footprint of
Dredge Area 3.

A Supplementary SAP (WorleyParsons, 2012) was prepared for the additional sediment investigation
(refer Appendix 3). The supplementary sediment sampling was completed prior to the approval of
the Supplementary SAP by SEWPaC (submitted in August 2012) due to Caltex’s urgent time
constraints on the development of the fixed berths.

The fourth sediment sampling investigation was completed in August 2012.
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Figure 3. Sediment Sample Locations (2009, 2010, 2011 and 2012 sediment investigations).
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1.2 Project Objectives

Since the first preliminary sediment investigation in 2009, project requirements have changed due to
changes in dredge volume and footprint. However, the overall objectives of each of the sediment
sampling investigations was to:

e ensure an adequate spatial and vertical coverage of the dredge footprint to meet the NAGD
minimum sampling requirements;

e analyse the dredge material for identified contaminants of potential concern and physical
properties;

e compare the geochemical concentrations in sediments against the NAGD; and
e determine the suitability of dredge material for sea disposal from each dredge area.

The overall sediment sampling and analysis undertaken in the four sediment investigations is
summarised in this Report. The outcomes of the sediment investigations and data interpretation will
support applications for approvals for dredging and ocean disposal from the relevant government
agencies (i.e. SEWPaC).
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2 METHODOLOGY

2.1 Sediment Sampling Locations

The proposed dredge footprint and volume for each investigation was determined by reviewing the
most recent hydrographic survey data available at the time of sampling.

e Sample locations in the initial sampling program (2009) were randomly selected in
accordance with NAGD requirements.

o As the dredge design changed, subsequent sediment investigations (2010 and 2011 only)
used a judgemental sampling pattern to locate samples based on the following information:

o identification of areas with the greatest sediment accretion within the proposed
dredge footprint;

o identification of areas that had been shown to contain elevated concentrations of TBT
in the initial sampling investigation; and

o to provide coverage of areas not sampled in previous investigations due to the
broadening of the dredge footprint, or recent accumulation of sediment.

e Sample locations in the 2012 sediment investigation were assigned using a random sampling
pattern. The supplementary sampling ensured that the entire area of the expanded dredge
footprint in Fixed Berths #1 and #2 was covered.

In total, sediment samples were collected at 53 discrete sample locations over the four sampling
programs (refer Table 1). The number of sample locations for each of the three individual Dredge
Areas is adequate to satisfy the minimum sampling requirements stipulated in the NAGD.

The sample locations from all four sediment investigations are shown in Figure 3. Coordinates
(MGA94, Zone 56) for all sample locations are shown in Appendix 4.
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Table 1 Number of Actual and Required Sample Locations Across the Dredge Footprint

Number of Sample Locations

Estimated
Dredge Area Dredge Volume Number Locations NAGD Minimum
3 Required Sample
(m’) Sampled q ] P
Locations

Combined Dredge Areas, 1,2 and 3 153,000 53 (+5 repeat locations) 20
Approaches and Turning Circle .

60,250 19 (+2 repeat locations) 14
(Dredge Area 1)
Sub-berth (Dredge Area 2) 12,750 7 (+3 repeat locations) 7
Fixed Berths #1 and #2 (Dredge Area 3) 80,000 27 16

Note: Repeat locations were generally resampled for the purpose of assessing TBT for the NAGD Phase |l
assessment.

2.2 Sediment Sample Collection and Processing

2.2.1 2009, 2010 and 2011 Sediment Investigations
SAMPLE COLLECTION

Vibrocores were collected by McLennan’s Diving Services (MDS) aboard the crane barges Alkira and
Polaris under the supervision of a WorleyParsons environmental scientist (refer Photo 1). An on-
board global positioning system receiver (GPS) was used to position the vessel to within 5 m of each
sample location.

Vibrocores were taken to a depth of up to 3.5 m, depending on the depth of dredging required, or until
refusal. The equipment used in the sampling of sediments was a Rossfelder™ P3 model vibrocore
with 100 mm steel core tubes (refer Photo 2). Divers were used to verify the vertical penetration of
each vibrocore into the sediments and to assist in sample retention and minimizing core loss.
Vibrocores were capped at each end following core retrieval. During vibrocoring in fixed berth #1, a
vibrocore frame (refer Photo 3) was used to ensure that the vibrocore tube remained vertical whilst
penetrating the hard peat layers that were present at that locality.

Surface samples collected during the first three sediment investigations in 2009, 2010 and 2011 were
either collected by MDS divers pushing a core tube to a depth of 0.5 m or by Petite Ponar grab
sampler.

Where necessary, two or more cores were taken to ensure that sufficient volume of sediment was
retrieved for the required geochemical analyses.

A WorleyParsons senior environmental scientist determined the acceptability of the sediment core
following collection. The criteria for acceptance of the core 