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1 INTRODUCTION

Rose Bay Marina and Point Piper Marina are located in Rose Bay within the Woollahra Local
Government Area (LGA) (refer Figure 1.1). The two marinas are now under the single ownership
of Addenbrooke Pty Ltd. This provides the opportunity for a“whole of bay approach” for boat
storage. Addenbrooke Pty Ltd propose to convert a number of existing commercial swing
moorings to floating marina berths, as part of the redevelopment of the existing marinas.

In order to assess the types, levels and extent of sediment contamination, sediment quality
investigations were undertaken in November 2005 and March 2006. These investigations showed
that the sediments at the marinas contained elevated levels of several contaminants with
concentrations decreasing with distance from the Rose Bay Marinaslipway (now disused).

Due to the elevated concentrations of several contaminants, additional sediment sampling and
testing was required to assess the potential impacts of the disturbance of sediments due to vessel
movements and due to construction activities. In addition, testing in accordance with the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANZ, 2000) was required to determine any need for remediation of the
sediments.

The types of tests required involved bioavailability testing and included the following tests:

total concentration of contaminants;
AVS/SEM* testing;

dilute acid extraction testing;
elutriate testing; and

porewater testing.

w W W W W

The elutriate test is used to assess the effects of the disturbance of sediments on water column
organisms while porewater, dilute acid extraction and AV S/SEM tests measure the potential
biocavailability of contaminants.

This report documents the findings of the additional sampling and testing of sediments at Rose
Bay and Point Piper Marinas.

1 AVS means Acid Volatile Sulfide, SEM means simultaneously extracted metals. The test is further described within
the report.
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2 METHODOLOGY

2.1 GENERAL

The additional sampling and testing was undertaken on 15 September 2006. Samples were
retrieved from ten locations as shown on Figure 2.1 and Figure 2.2.

Sediment samples were submitted to alaboratory for analysis to determine the total concentration
of copper, mercury, lead, PAHs, PCBsand TBT. Of the ten samples, four samples were then
selected for bioavailability testing. The four samples selected had contaminant concentrations
representative of the more highly contaminated areas near the Rose Bay and Point Piper slipways
(3 samples) and of the areas where sediments are more likely to be disturbed due to vessel
movements and due to construction activities (1 sample).

2.2 SAMPLE COLLECTION

Collection of the sediment samples was undertaken by SCUBA divers from Marine Pollution
Research. A hand held GPS was used to position the sampling vessdl at the nominated sampling
locations. A 3L sample was collected at each site from approximately the top 300 mm of surface
sediment.

Sampl e processing was undertaken by Patterson Britton and took place on the boat immediately
following recovery of the sediment sample. Samples were homogenised and from each sample,
two 250 ml sub-samples were taken for chemical analysis and a 50 ml sub-sample was taken for
physical analysis. In addition, a 1L bulk sample was taken for elutriate testing and a 1.5L bulk
sample was taken for AVS/SEM, dilute acid extraction and porewater testing.

The sub-samples for chemical and physical analyses were transferred to appropriate sampling jars
using a stainless steel spoon and the bulk samples for bioavailability testing were transferred to
plastic zip lock bags also using a stainless steel spoon. The jars/bags were filled with zero
headspace. Thelid of each sample container was tightly screwed on to avoid loss of sample and
the jars/bags labelled with a unique identification number. To avoid cross contamination, after the
jars/bags were secured, the outside of each sample container was washed with harbour water.

A bulk water sample of harbour water was collected from Rose Bay Marinafor usein the elutriate
tests.

All sampling equipment was decontaminated between each sampling event. Decontamination
procedures included rinsing equipment in harbour water to remove visible sediment, followed by a
Decon 90 rinse and afina rinse in harbour water.
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Rose Bay and Point Piper Marinas Methodology
Further Sediment Sampling and Testing

2.3

SAMPLE HANDLING

Samples for chemical and bioavailability testing were packed in icein an esky immediately after
sampling to maintain the temperature below 4°C. All sample containers were clearly labelled with
unique sample identification numbers. Samples for chemical and bioavailability testing were
transported in an esky in ice to the analytical laboratory. All samples were transported under
Patterson Britton chain of custody procedures.

2.4 ANALYTICAL WORK
2.4.1 Physical analysis
One sample was collected from each location. A visual inspection of the sampleswas
undertaken to determine the sediments characteristics. The samples were then stored for
possible future testing.
2.4.2 Chemical analysis
Advanced Analytical Australia(AAA) was used for the chemical analysis. Sediment
samples collected for chemical analysis were forwarded to the laboratory on 15 September
2006. Contaminants of concern were identified from the results of the November 2005 and
March 2006 sediment quality investigations. Chemical testing of each sediment sample
included:
heavy metals - copper, mercury, lead;
total organic carbon (TOC);
polynuclear aromatic hydrocarbons (PAHS);
tributyltin (TBT); and
polychlorinated biphenyl (PCBS).
2.4.3 Bioavailability testing
Bioavailability testing of the sediment samplesincluded elutriate, AVS/SEM, dilute acid
extraction and porewater testing. Asdescribed in Section 2.1, atotal of four samples
representative of the more highly contaminated areas near the Rose Bay and Point Piper
Marina slipways (3 samples) and of the areas where sediments are more likely to be
disturbed due to vessel movements and due to construction activities (1 sample) were
selected for testing bioavailability testing.
Advanced Analytical Australia undertook the elutriate analysis, and CSIRO undertook the
AV S/SEM, dilute acid extraction and porewater testing. Elutriate testing included analysis
of the harbour water used in the elutriate procedure.
Patterson Britton & Partners page 3
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3 FINDINGS OF THE INVESTIGATION

3.1 PHYSICAL TESTING OF SEDIMENTS

A visua inspection of the samplesindicated that they were generally uniform in texture. The
sediment at Rose Bay and Point Piper Marinas was predominantly medium grained, greyish
brown sand with minor amounts of mud and gravel.

3.2 CHEMICAL TESTING OF SEDIMENTS

As described in Section 2.4.2, chemical testing of the sediment samples retrieved from the
proposed marina redevel opment areaincluded a suite of contaminants identified as contaminants
of concern from the November 2005 and March 2006 sampling programs.

The chemical results for the September 2006 sampling have been compared to the sediment
quality guidelines provided in the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality (ANZECC & ARMCANZ, 2000) (refer Table 3.1). The full laboratory results of
the chemical analysisare included in Appendix A.

The ANZECC sediment quality guidelines provide low and high interim sediment quality
guideline (1ISQG) values. The ISQG values are trigger values that, if exceeded, prompt further
action as defined by the decision tree included in the ANZECC sediment quality guidelines (refer
Plate 3.1.). In accordance with the ANZECC sediment quality guidelines, the first-level screening
compares the trigger value with the measured value for the total contaminant concentration in the
sediment. If the trigger value is exceeded, then this triggers either management/remedial action or
further investigation to consider the fraction of the contaminant that is bioavailable or can be
transformed and mobilised in a bioavailable form.

The sediment quality data for the November 2005, March 2006 and September 2006 sampling has
been compiled and statistical analysis of the results for each anal yte has been undertaken to
calculate the mean, standard deviation and the 95% upper confidence limit of the mean? (95%
UCL (refer Table 3.2). Based on these statistics, four samples were selected for further testing
with contaminant concentrations representative of the more highly contaminated area near the
Rose Bay and Point Piper slipways and of the areas where sediments are more likely to be
disturbed due to vessal movements and due to construction activities.

The samples selected for further testing were PPA1, PPA2, RBA6 and RBA7 (refer Table 3.2 and
Figures2.1 and 2.2).

2 Confidence level isthe probability, expressed as a percentage, that a statistical statement is correct. For example, if the 95% UCL
is stated for a mean contaminant concentration, it implies that there is a 95% probability that the mean contaminant concentration
within the sampling areawill not exceed the value determined by this method.
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Rose Bay and Point Piper Marinas
Further Sediment Sampling and Testing

Findings of the Investigation

Table 3.1 Comparison of chemical analysis results for September 2006 samples to
ANZECC guidelines

Normalised  Normalised  Normalised
Sample Copper Mercury Lead PCBs total PAH  Tributyltin  TOC PCBs total PAH Tributyl tin
Description mglkg mglkg  mgkg  pglkg mglkg pgSn/kg % mglkg mglkg pgSn/kg
ISQG Low 65 0.15 50 23 4 5
ISQG High 270 1 220 45 70
RBA1 11 0.14 14 2.1 0.70 3.0
RBA2 20 0.4 27 17 19 8.9
RBA3 26 0.78 56 8.3 31 2.7
RBA4 28 0.35 27 <5 8.3 19 1.8 14 4.6 10.6
RBA5 52 0.53 47 <5 17.9 75 1.8 14 9.9 41.7
RBA6 390 | 3.2 I 170 23 184.3 1300 14 16.4 131.6 928.6
RBA7 180 0.77 120 <5 61 220 0.86 29 70.9 255.8
PPA1 230 85 12 15.8 530 38 3.2 4.2 139.5
PPA2 47 0.91 36 22 2.3 9.6
PPA3 8.6 0.21 18 <0.5 15 0.2
> 1SQG low
>1SQG high
Patterson Britton & Partners page 5
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Rose Bay and Point Piper Marinas Findings of the Investigation
Further Sediment Sampling and Testing

Source: Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000)

Plate 3.1 Decision tree for the assessment of contaminated sediments
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Rose Bay and Point Piper Marinas
Further Sediment Sampling and Testing

Findings of the Investigation

Table 3.2 Compilation and statistical analysis of available sediment quality data

total total
total Tributyl PCBs  PAH TBT
Date Sample Copper Mercury Lead PCBs  PAH tin TOC norm.  norm. norm.
Description mg/kg mgkg mg/kg pglkg mglkg ugSnkg %  mglkg mg/kg  pgSnikg

ISQG Low 65 0.15 50 - - - - 23 4 5
ISQG
High 270 1 220 - - - - - 45 70
Proposed Point Piper marina footprint
Mar-06 PP1 13 0.27 21 <5 0.97 1.9 0.60 - 1.6 3.2
Mar-06 PP2 21 0.4 25 <5 1.7 5.4 0.56 - 3.0 9.6
Mar-06 PP3 6.9 0.15 16 <5 0.58 <0.5 0.38 - 15 <0.5
Mar-06 PP4 9.3 0.17 18 <5 0.86 0.6 0.37 - 2.3 1.6
Sep-06 | PPA2 | a7 0.91 36 - - 22 2.3 - - 9.6
Sep-06 PPA3 8.6 0.21 18 - - 0.25 15 - -- 0.2

Mean 17.63 0.35 22.33 - - - - - 2.13 4.83

ST dev 15.24 0.29 7.39 - - - - - 0.70 4.48

95% UCL 29.72 0.58 28.20 -- - - - - 2.81 8.73
Point Piper Slipway
Sep-06 PPA1 230 | 2.8 | 85 12 15800 530 38 316 4.2 | 139.5 |
Proposed Rose Bay marina footprint
Mar-06 RB1 75 0.15 17 <5 0.91 1 0.62 - 15 1.6
Mar-06 RB2 8.9 0.19 20 <5 1.2 1.3 1.2 - 1.0 1.1
Mar-06 RB3 23 0.48 40 <5 2.8 45 1.6 - 1.8 2.8
Mar-06 RB4 6.5 0.14 16 <5 0.75 <0.5 0.47 - 1.6 <0.5
Mar-06 RB5 39 0.97 72 <5 5.7 9.6 1.9 - 3.0 5.1
Mar-06 RB6 24 0.63 49 <5 3.6 3.8 2.1 - 1.7 1.8
Sep-06 RBA1 11 0.14 14 - - 2.1 0.7 - - 3.0
Sep-06 RBA2 20 0.4 27 - - 17 1.9 - - 8.9
Sep-06 RBA3 26 0.78 56 - - 8.3 3.1 - -- 2.7

Mean 18.43 0.43 34.56 - - - - - 1.75 3.37

ST dev 10.85 0.31 20.75 - - - - - 0.67 2.55

95% UCL 25.07 0.62 47.23 -- - - - - 2.28 5.05
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Rose Bay and Point Piper Marinas Findings of the Investigation
Further Sediment Sampling and Testing

Table 3.2 continued.

total total
total Tributyl PCBs  PAH TBT
Date Sample Copper Mercury Lead PCBs PAH tin TOC norm.  norm. norm.

Description mgkg mg/kg mghkg pgkg mglkg pgSnkkg %  mglkg  mglkg  pgSn/kg

Rose Bay Marina Slipway

Nov-05 BH101 0-0.5 40 0.25 24 - 4.2 38 0.77 - 55 49.4
Nov-05 BH101 0.5-1.0 26 0.46 22 - - - - - -

Nov-05 BH101 1.8-2.25 0.87 0.01 5.9 - - - - - -

Nov-05 BH103 2.0-2.45 0.2 0.04 29 - - - - - -

Nov-05 BH103 2.5-2.95 0.05 0.01 19 - - - - - -

Nov-05  BH1020-05 26 | 041 39 - 57 100 114 - 5.0

Nov-05  BH1020510 | 87 68 - - .. e

Nov-05  BHI0210-16 18 | 027 18 - - e e

Nov-05  BH10220-30 027 _ 002 13 - - e e :
Nov-05  S2010-05 130 [ 78 [ 60 | 52 49 230 298 17 164 | 712
Nov-05  $20105-10 20 [ 27 | 10 - - e e

Nov-05 5202 0-0.5 45 0.48 31 <30 9.5 460 043 | 34 22.1 1069.8

Nov-05 5202 0.5-1.0 57 0.68 44 - - - - - - -
Nov-05 S203A 0-0.5 69 0.64 44 - 5.2 170 1.83 - 2.8 92.9

Nov-05  S203A05-10 | 150 00 - - . -
Nov-05  S2040-0.5 26 . 0438 31 - 57 33 142 - 40 | 232
Sep06  RBA4 28 0385 27 25 8330 19 18 139 | 463 1056
Sep06  RBAS 52 058 47 25 17900 75 18 139 _ 994 4167
Sep-06 | RBAG 30 | 32 | 170 23 1842755 1300 14 1643 | 13163 | 92857
Sep06 | RBA7 180 077 120 25 61000 220 086 291 | 7093 | 25581
Mean 7221 112 8085 - - - ~ 1219 2730  263.68
ST dev 9145 181 14695 - - - ~ 1293 4198  394.96
95% UCL 10754 [ 181 | 13753 - - - - 2244 | 5135 | 489.99 |
> 1SQG low
> 1SQG high

= sample selected for further testing

3.3 FURTHER TESTING OF SEDIMENTS

Asdiscussed in Section 2.4.3, the further testing of the sediments comprised:

AV S/SEM testing;
dilute acid extraction;
elutriate testing; and,
pore water testing.

A summary of the results of each of these testsis provided in Table 3.3 and described in more
detail below.

Patterson Britton & Partners page 8
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Rose Bay and Point Piper Marinas
Further Sediment Sampling and Testing

Table 3.3 Results of Further Testing

Findings of the Investigation

total
PAH TBT
Sample Copper  Copper ~ Copper  Copper | Mercury  Mercury  Mercury  Mercury Lead Lead Lead Lead | norm. Napth. norm. TBT SEM AVS Excess
Description | mglkg mglkg pg/L uglL mglkg mglkg ugiL pg/L mglkg mglkg ugiL pg/L mglkg pg/L pgSn/kg pg/L pmollg ~ pmollg umollg
Total DAi\ICUiBE pore elutriate Total DA”cuiEie pore elutriate Total DA”cuiEie pore eluti Total elutriate Total elutriate
conc. water conc. water conc. water ate conc. conc.
extr. extr. extr.
Guidelines 65 65 9.5¢ 13 0.15 0.5 0.10 0.10 50 50 442 44 4 500 5 0.006
270 270 1 1 220 220 45 70
RBA6 390 160 6.4 37 |32 I 0.017 0.057 <0.1 170 117.0 4.0 10.0 131.6 <1 928.6 <0.005 6.3 0.1 6.2
RBA7 180 50.5 28 29 | 077 <0.01 0.028 <0.1 120 54.5 24 8.2 70.9 <1 255.8 <0.005 20 05 -1.5
PPA1 230 447 1 25 |28 <001 0067 <01 85 436 0.6 37 42 <1 1395 <0.005 2.3 18 -05
PPA2 47 284 48 10 0.91 0.018 0.043 <0.1 36 255 13 22 <1 9.6 <0.005 12 0.1 -1.1
Seawater 13 <0.1 <1 <1
> 1SQG low
L1 isem
a. ANZECC guideline for slightly to moderately disturbed systems, 95% species protection
b. ANZECC guideline for slightly to moderately disturbed systems, 99% species protection
c. CSIRO pore water guideline
Patterson Britton and Partners page 9
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Rose Bay and Point Piper Marinas Findings of the Investigation
Further Sediment Sampling and Testing

3.3.1

3.3.2

3.3.3

AVS/SEM

AV S/SEM testing refersto acid volatile sulfide (AVS) and simultaneously extracted metals
(SEM). Where the concentration of AV'S (that is, sulfide released by dilute acid treatment
of moist sediment) exceeds the sum of the SEM from the same treatment, the excess
sulfideis able to bind certain metalsin insoluble and hence biologically unavailable forms.

The results of the AV S/SEM testing indicated that the concentration of AV S does not
exceed the sum of the SEM and therefore does not assist completely in binding metalsin
insoluble and biologically unavailable forms.

Dilute acid extraction results

A proportion of the metalsin a sediment sampleislikely to be present in biologically
unavailable forms (such as within rock fragments and mineral grains). A dilute acid
extraction (1 M hydrochloric acid for one hour) extracts the more readily available metals.
Although thisis not equivalent to the bioavailable fraction, it is a closer approximation to it
than total metal sediment data.

The results of the dilute acid extraction testing indicated that mercury concentrations were
below the guideline levels for all samplestested. Mercury istherefore unlikely to be
bioavailable in the sediments.

Copper and lead concentrations were above the guideline levels for the two samples
recovered near the Rose Bay slipway indicating copper and lead may be bioavailable in the
sedimentsin the vicinity of the slipway.

Pore water testing results

Pore water is assumed to represent the major route of exposure by organisms to sediment
contaminants. Where pore water concentrations are below the ANZECC/ARMCANZ
marine water quality guidelinesit is thought unlikely that there would be adverse effects on
organisms.

Heavy Metals
The results of the pore water testing indicated that there were measurable quantities of

copper, lead and mercury in the pore water for all samples. However, the concentrations of
mercury and lead in the pore water were below the ANZECC/ARMCANZ marine water
quality guidelines recommended for slightly to moderately disturbed systems.

Concentrations of copper in the pore waters exceeded the ANZECC/ARMCANZ marine
water quality guidelines recommended for slightly to moderately disturbed systems for
three of the four samplestested. However, CSIRO has advised that because this guideline
has been devel oped based on effects data for (i) organisms that do not reside in the
sediments (benthos), or (ii) life stages of benthic organisms that occur solely in the water
column, e.g. planktonic/larval life stages that exist in the water column before settling on
the sediment substrate, it is not appropriate for application as a copper criteriafor sediment
pore water (Dr Stuart Simpson, CSIRO, pers comm).

Patterson Britton & Partners page 10

rp5635-03aes061019_Sediments.doc



Rose Bay and Point Piper Marinas Findings of the Investigation
Further Sediment Sampling and Testing

3.34

Criteriafor pore water copper should only consider benthic organism lifestages that arein

intimate contact with the sediment porewater (Simpson 2006). CSIRO has advised that a

guideline level of 9.5 ug Cu/L is considered appropriate for protection of effects of copper
on benthic biota resident in sediments in saltwater (estuarine/marine) environments.

Pore water concentrations of copper for all samples tested were below the pore water
guideline recommended by CSIRO. In accordance with the decision tree included in the
ANZECC sediment quality guidelines, no further actionisrequired i.e. remediation of the
sedimentsis not required.

PAHsand TBT

Currently the only available bioavailability test for PAHs and TBT is pore water testing.
However, CSIRO advised that due to the difficulties associated with sampling the pore
water reliably, a representative sample of the pore water could not be recovered from the
sediment. The methods currently available to sample the pore water would result in
changes in the chemistry of the sample and hence the bioavailability of the PAHsand TBT.
CSIRO consider that the results of an elutriate test would be sufficient to determine if it is
likely that there would be adverse effects on organisms due to the concentrations of PAHs
and TBT observed in the sediments. Therefore, no PAH or TBT testing of pore water was
undertaken.

Elutriate testing results

The elutriate test is designed to simulate release of contaminants from disturbance of the
sediment. Release can occur by physical processes (for example, directly from sediment
pore water) or avariety of chemical changes such as oxidation of metal sulfides and release
of contaminants adsorbed to particles or organic matter. The seawater from the site used in
the elutriate test is also analysed to determine the background concentration of

contminants. The results of the elutriate test can then be used to assess the impact of the
disturbance of sediments due to vessel movements and due to proposed
demolition/construction activities. Where elutriate water concentrations are below the
ANZECC/ARMCANZ marine water quality guidelines, it is thought unlikely that there
would be adverse effects on organisms.

The elutriate testing indicated that concentrations of mercury, PAHsand TBT were all
below laboratory detection and below the ANZECC/ARMCANZ marine water quality
guidelines recommended for dlightly to moderately disturbed systems.

Elutriate water concentrations of copper and lead for all samples tested exceeded the
ANZECC/ARMCANZ marine water quality guidelines recommended for slightly to
moderately disturbed systems. However, following subtraction of the background
concentration of copper observed in the seawater and taking into account expected dilution
with the overlying harbour water (greater than 1: 40)3, the concentrations of copper and
lead would fall below the ANZECC/ARMCANZ marine water quality guidelines
recommended for slightly to moderately disturbed systems.

3 Estimates of expected dilution are provided in the main body of the EIS document for redevel opment of the marinas.
Patterson Britton & Partners page 11
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Rose Bay and Point Piper Marinas Findings of the Investigation
Further Sediment Sampling and Testing

The results of the elutriate testing indicated that it is unlikely there would be adverse
effects on organisms due to the disturbance of sediments from vessel movements and/or
due to proposed demoalition/construction activities. In addition, the absence of PAHs and
TBT in the elutriate waters indicate that PAHs and TBT are unlikely to be bioavailablein
the sediments. In accordance with the decision tree included in the ANZECC sediment
quality guidelines, no further action isrequired i.e. remediation of the sedimentsis not
required.
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4  CONCLUSIONS

The sediment sampling and testing program has shown that in accordance with the decision tree
included in the ANZECC/ARMCANZ (2000) sediment quality guidelines, remediation of the
sediments at the Rose Bay and Point Piper Marinas is not required. In addition, the sediment
testing and testing of the harbour water have shown that there is unlikely to be any impacts on
aguatic organisms due to the disturbance of sediments from vessel movements and the proposed
demolition and construction activities as part of the marina redevelopment, having regard to the
expected dilution in the overlying harbour water.
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