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Important note about this report

The sole purpose of this report and the associated services performed by Jacobs is to undertake the studies in
accordance with the scope of services set out in the contract between Jacobs and the Client. That scope of
services, as described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report primarily from the data collected by Jacobs’ personnel in accordance with
Jacobs sampling and analysis plan. The passage of time, manifestation of latent conditions or impacts of future
events may require further examination of the project and subsequent data analysis, and re-evaluation of the
data, findings, observations and conclusions expressed in this report. Jacobs has prepared this report in
accordance with the usual care and thoroughness of the consulting profession, for the sole purpose described
above and by reference to applicable standards, guidelines, procedures and practices at the date of issue of
this report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed or
implied, is made as to the data, observations and findings expressed in this report, to the extent permitted by
law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’ Client, and is subject to, and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third
party.
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Executive Summary

ConocoPhillips Australia Exploration Pty Ltd (ConocoPhillips) are proposing to develop natural gas resources as
part of the Barossa area development, located in waters up to 300 m deep in the Bonaparte Basin, in
Commonwealth waters offshore of northern Australia. To develop a robust understanding of the existing marine
environmental values of the area to inform any future approvals, a targeted baseline marine studies program is
being progressed within and surrounding the Barossa field.

A key component of the baseline marine studies program is a sediment quality and infauna survey that was
undertaken from 8 to 14 April 2015, during the autumn or tropical transitional season.

Seventeen water quality sampling sites were positioned to provide representative coverage of the permit area
and areas of regional interest such as shoals and banks. Sites were located in the permit area (five sites,
labelled SP1 to SP5), around Evans Shoal (four sites, SP7 to SP10), around Tassie Shoal (four sites, SP11 to
SP14), around Lynedoch Bank (three sites, SP15 to SP17) and between the permit area and Evans Shoal (one
site, SP6). Sites surveyed ranged in depth from around 10 m—30 m on top of shoals and banks through to
approximately 280 m in the permit area.

Sediment samples were collected from each site for analysis of nutrients, metals/metalloids, hydrocarbons,
naturally occurring radioactive materials, particle size distribution and infaunal community composition.
Sampling sites ranged in depth from around 70 m at the shoals and banks through to approximately 280 m in
the permit area. Shallow sampling sites on the shoals and banks were found to be unsuitable for sediment
sampling due to the density of coral/biota cover and lack of consistent sediment patches.

Key conclusions from the sediment quality and infauna survey include:

e Of the metals and metalloids tested, only cobalt and nickel were recorded above the ANZECC &
ARMCANZ (2000b) Interim Sediment Quality Guideline (ISQG) - low reliability trigger values. Cobalt was
commonly recorded above the ISQG-low reliability trigger value level at all sites except one site at Evans
Shoal. Nickel concentrations were recorded at or above the ISQG-low trigger value at two sites within the
permit area. Nickel is commonly found in high levels in sediments in Australia (Commonwealth of Australia
2009) and both nickel and cobalt were found at levels greater than the ISQG-low reliability trigger value in
deep offshore waters in the Browse Basin (approximately 30 km north-east of Seringapatam Reef) (SKM
2014).

e Tributyltin and hydrocarbons were below the laboratory reporting limits at all sites. Although historic
exploration has been undertaken in the permit area, potential impacts from these activities were not
detected in the data.

e Radium??® concentrations were recorded above the minimum reporting limit at two sites (one in the permit
area and one to the west of the permit area), but at levels well below the ANZECC & ARMCANZ (2000b)
ISQG-low reliability trigger value for radionuclides. Radium??8 and thorium?2® were not detected at any site.

e The highest total nitrogen and total organic carbon concentrations were associated with the permit area
sediments, which were the deepest and the finest sediment habitats sampled. Lowest levels were recorded
at the shoals. A converse trend was generally observed for sediment total phosphorus concentrations.

e A gradual transition in sediment composition was observed over broad spatial scales (tens of kilometres),
particularly between the permit area and the sediments of the shallow shoals. There was a lesser trend of
an east-west transition in sediment type in the permit area, with finer sediments (sandy muds) in the east to
coarser muddy sands in the west.

e«  While infaunal communities varied across the survey sites, the sites sampled are considered indicative of
the benthic infaunal communities that are likely to occur in the study area. Communities ranged from a
relatively depauperate faunal community (only three individuals representing three taxa per 0.1 m?2) at a site
on Evans Shoal to a diverse and abundant community (63 individuals representing 42 taxa) in the
sediments at another site on Evans Shoal.
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e  The profile images from the Sediment Profile Imagery (SPI) system, deployed at a single site in the permit
area, described a consistently fine and unlayered sediment throughout the upper approximately 18 cm of
the sediment profile, with slightly coarser material at the surface. Bioturbation was evident in the form of
burrows and feeding voids. The particle size analysis of SPI images yielded average particle sizes in the
same size class (63—125 um, or very fine sand) as the median grain size derived from the laboratory
analysis of particle size distribution samples.

In summary, the results of the sediment survey contributed to an appropriate baseline characterisation of the
sediment quality in the study area, and provided an indication of the composition of infaunal communities that
are found in the area.
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1. Introduction

1.1 Background

ConocoPhillips Australia Exploration Pty Ltd (ConocoPhillips), as proponent on behalf of the current and future
joint ventures, are proposing to develop natural gas resources as part of the Barossa area development, located
approximately 300 kilometres (km) north of Darwin, Northern Territory (NT).

To facilitate the environmental approvals process for any future development of the Barossa field and
surrounds, a robust understanding of the existing state of the key environmental values and sensitivities will be
necessary. This understanding will be gained from a series of studies and surveys to assess and monitor the
baseline state of environmental factors such as water quality, sediment quality, noise, metocean conditions and
benthic habitats within petroleum retention lease permit NT/RL5 (referred to as the permit area in this report)
and across a broader geographical area. The field studies assessing these factors commenced in June 2014.

1.2 Overview of existing regional environment

The Barossa area is located in the North Marine Region (Department of Sustainability, Environment, Water,
Population and Communities 2012), which comprises the Commonwealth waters of the Gulf of Carpentaria,
Timor Sea and Arafura Sea as far west as the NT and Western Australian border. The North Marine Region
contains internationally significant breeding and/or feeding grounds for a number of listed threatened and
migratory marine species including nearshore dolphins, turtles, dugongs, seabirds and migratory shorebirds
afforded protection under national legislation and international conventions.

The Timor and Arafura Seas support a variety of shark, pelagic finfish and crustacean species of commercial
and recreational game-fishing importance, e.g. trawl and various finfish fisheries. The shelf break and slope of
the Arafura Shelf is characterised by patch reefs and hard substrate pinnacles that support a diverse array of
invertebrate groups, with polychaetes and crustaceans being the most prolific (Heyward et al. 1997, CEE 2002).
Surveys indicate that between 50 m and 200 m depth, the benthos consists of predominantly soft, easily
resuspended sediments (Heyward et al. 1997, URS 2005, 2007). The diversity and coverage of epibenthos is
low and organisms present are predominantly sponges, gorgonians and soft corals (Heyward et al. 1997, URS
2005, 2007).

Numerous shoals (submerged calcareous banks or ‘seamounts’) exist in the broader region around the permit
area; the closest being Evans Shoal, 60 km to the west and Tassie Shoal, 70 km south-west, and Lynedoch
Bank, 40 km to the south-east. In addition, the new Oceanic Shoals Commonwealth marine reserve (multiple
use zone) lies to the south and south-east of the permit area.

1.3 Objectives
A sediment quality and infauna survey is a key component of the Barossa marine baseline studies program.

Baseline studies were undertaken with reference to the permit area, as shown in Figure 1-1. While this
represents the area of primary interest as part of ConocoPhillips’ staged field development, the broader
surrounds were also characterised, including the nearest seabed features of regional interest to the Barossa
area (i.e. Evans Shoal, Tassie Shoal and Lynedoch Bank).

The specific objectives of the sediment quality and infauna survey were to:

e determine the sediment quality of the marine benthos within the permit area and in the vicinity of Evans
Shoal, Tassie Shoal and Lynedoch Bank

e determine the infaunal community composition throughout the study area.

This report summarises the results of the sediment quality and infauna survey, undertaken in mid-April 2015
during the northern Australian (tropical transitional) autumn.
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2. Methods

The methods employed during the sediment quality survey follow those detailed in the Barossa Environmental
Studies: Sediment Quality and Infauna Field Sampling Plan Method Statement (Jacobs 2015a). An overview of
the methods is provided in the sections below.

21 Sampling sites

Seventeen sampling sites (Figure 2-2) were identified to provide coverage of the permit area and of areas of
regional interest such as shoals and banks. Sites were located in:

o the permit area (five sites, labelled SP1 to SP5)

e Evans Shoal, approximately 60 km west of the permit area (four sites, SP7 to SP10)

e Tassie Shoal, approximately 70 km south-west of the permit area (four sites, SP11 to SP14)

e Lynedoch Bank, approximately 40 km south-east of the permit area (three sites, SP15 to SP17)

e between the permit area and Evans Shoal, approximately 20 km west of the permit area (one site, SP6).
2.2 Sediment sampling
221 Sample collection

In water depths less than 100 m, and where remotely operated vehicle imagery had not already been collected
as part of the benthic habitat survey (Jacobs 2015b), a GoPro Hero 3+ camera and Mangrove VC-4L6
underwater video light were deployed to obtain imagery of the seabed to assess potential for grab sampling
success and potential environmental risk of sampling. Grab samples were not collected at sites lacking large
areas of sediment (due to the low chance of success) and/or where coral/benthic primary producer habitat
(BPPH) cover was identified to be relatively common and at high risk of damage from grab sampling operations.

Three replicate sediment samples were collected at each site where feasible using a 0.1 m2 or 0.2 m2 van Veen
grab (Figure 2-1) deployed from the stern of the survey vessel Warrego via the vessel’s A-frame. Of the three
replicates, two were collected for contaminants, nutrients and particle size distribution (PSD) sampling, and the
third grab collected for infaunal sampling. The grab was thoroughly cleaned with Decon 90 prior to deployment
at each sampling site.

If no sample was obtained following three replicate deployments, sites were moved at least 500 m and the
direction from the original site location noted in the new site label.
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Figure 2-1: van Veen grab with infaunal sediment sample from site SP2

WV04831-NMS-RP-0027 9
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222 Sample processing, preservation and storage

Sampling data were recorded on a field sheet with date, time, position, depth and in situ observations for each
grab sampling attempt (see Appendix A). Sediment descriptions, descriptions of sediment features (e.g. worm
tubes) or biota were also noted, along with type(s) of sample collected for each attempt. Contaminants samples
were taken from the surface (upper approximately 5cm) of sediment from two replicate grab samples per
sampling site, where possible. Sediment within the grab was carefully removed and transferred to a glass bowl
using plastic sampling utensils that had been pre-cleaned with Decon 90. Sediment within 5 mm of the side of
the grab was not sampled to minimise risk of contamination. The sediment was then carefully homogenised in
the glass bowl before transfer to appropriate sample jars.

Two replicate grabs samples were collected from which 70 ml of sediment were collected for metals, nutrients
and TOC. A 150 ml sample was collected for hydrocarbons and TBT, with 250 ml collected for naturally
occurring radioactive materials (NORMs). These samples were processed on board the vessel by filling sample
jars to the neck, leaving minimal sufficient air space to allow expansion of the frozen sediment. The
contaminants sampling did not require the full sample surface, which allowed collection of a representative PSD
sample from one of the same grab samples as the contaminants. A single replicate 300-500 ml sample of
sediment was collected for particle size distribution (PSD) analysis, placed in a plastic ziplock bag and frozen.

A third replicate comprising a whole grab sample was collected for infaunal analysis and transferred into a
500 um box sieve. The sample was then photographed with a slate identifying sample site name and date in
view, and then sieved by washing through with seawater from a deck hose. The potential risk of transfer of
pelagic biota >500 ym into the sample from the deck hose during processing is mitigated through rationalisation
of pelagic biota out of the dataset prior to analysis (Section 2.2.4). The remaining material in the sieve was
transferred to ziplock bags, into which 80% ethanol was then added. The sample was then gently mixed to
make sure that the preservative adequately penetrated the sediment.

Samples were stored in laboratory-supplied jars or ziplock bags, and labelled with the site name, replicate
number, the date and time of sampling, and the analysis required. An additional label on waterproof paper was
added into the infaunal sample to mitigate for risk of the ethanol degrading the external label during processing.
All samples were preserved and handled in accordance with the requirements of the analytical laboratories.

The location of the sampling sites was considered remote and, therefore, the preservation techniques were
selected to achieve the maximum holding times for each parameter (Table 2-1). For example, the holding time
for total recoverable hydrocarbons (TRHs) is 14 days; therefore, these samples were transported to Perth and
hand-delivered to the appropriate laboratory in time to meet the holding time requirements.

Samples were then stored appropriately until delivery to the appropriate National Association of Testing
Authorities (NATA) accredited laboratory (Table 2-2), with supporting chain of custody form requesting the
analysis required.

223 Sample analysis

Analytes and their respective laboratory limits of reporting (LOR), 99% species protection guideline trigger value
(ANZECC & ARMCANZ 2000a) and low reliability values for contaminants having insufficient data to derive
reliable national guidelines (ANZECC & ARMCANZ 2000b) are presented in Table 2-1. All geochemical
analyses were undertaken using standard methods at NATA accredited laboratories.

Particle size distribution analysis of sediments was undertaken via laser diffraction and sieving. Full PSD
analysis was completed for appropriate differentiation of coarse sediment components, which may be an
important factor in an area with such a diverse range of particulate substrate habitats (from shallow offshore
shoals to deep offshore sediments). This analysis consisted of:

i)  Laser diffraction of particle sizes <500 ym. This characterised the finer sediments and allowed comparison
with existing ConocoPhillips data.
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i) Wet/dry sieving of sediments for the following size classes: <500 ym, 500 ym, 1 mm, 2 mm, 4 mm, 8 mm
and >16 mm (i.e. remaining fraction retained on the 16 mm sieve). This appropriately characterised the
coarser component of sediments and allowed comparison with existing ConocoPhillips PSD data.

224 Data analysis

Sediment analyte concentrations were compared to ANZECC & ARMCANZ (2000b) trigger values for Western
Australian tropical offshore sediments. All other values were compared to ANZECC & ARMCANZ (2000a)
Interim Sediment Quality Guideline (ISQG) low reliability trigger values for marine sediments with a 99% level of
species protection where available. Where no ANZECC & ARMCANZ ISQG ftrigger value is available,
comparison was made with other guideline levels, i.e. the National Assessment Guidelines for Dredging (NAGD)
where relevant (Commonwealth of Australia 2009).

Multivariate analysis of data was undertaken using the Plymouth Routines In Multivariate Ecological Research
(PRIMER) v6 software (Clarke and Gorley 2006). The DIVERSE routine was used to provide the descriptive
statistics of infaunal data for each sample collected. After appropriate transformation / normalisation,
resemblance matrices were derived using either Bray-Curtis (for infauna) or Euclidean distance (for
environmental data). The “Cluster” routine with SIMPROF (similarity profile) permutational tests were used to
identify groupings of samples based on survey data. Non-metric Multi-Dimensional Scaling (n-MDS) was used
to represent the distribution of samples in 2-dimensional space, and therefore represent the relative similarity
(or dissimilarity) of samples to each other. The principal components analysis (PCA) routine was used to further
analyse environmental data to determine the effect of input variables (e.g. principal sediment components such
as %silt, %sand or %gravel) on the distribution of the sample data in the PCA plot. The Bio-Env option in the
Bio-Env and stepwise (BEST) routine was used to determine the environmental variables that had the greatest
influence on the distribution of infaunal data. Following this step the Relate routine was used to determine the
statistical significance of the combination of variables identified from the BEST analysis.

The physical character of sediments from each sample was then described in terms of the Folk sediment
classification, skewness, kurtosis, and sorting. These data facilitate the understanding of the relationship
between physical sediment characteristics and other data from the same site (e.g. contaminants, biota).

Infaunal data were rationalised prior to analysis. Taxa were checked for correct nomenclature and full
taxonomic classification using the “match taxa” tool provided by the World Register of Marine Species (2015).
Following this step, the taxa were then reviewed for the occurrence of pelagic taxa (e.g. Ctenophores,
Chaetognatha) that often appear in grab samples but do not represent the benthic ecological community. If
pelagic taxa were identified in the infaunal dataset, they were excluded from statistical analysis as “ecological
noise”. Similarly, all individuals identified as “juveniles” were excluded. Juvenile stages are ephemeral and can
exhibit significant post-settlement mortality (OSPAR Commission 2003). Inclusion of juvenile life stages can
dominate the analysis due to the impact on abundance of relevant species, and the ephemeral nature of
juveniles provides an unrealistic assessment of the benthic infaunal communities at the sample location. This
can either generate or mask trends in change in benthic communities over time.
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Table 2-1: Analytical LOR, guideline trigger values and sample storage, preservation and holding times

Test parameter Guideline’ Storage container  Preservation Holding time
Aluminium (Al) (mg/kg DW) No value <20 Glass jar Freeze 180 days
Arsenic (As) (mg/kg DW) 20 <2 Glass jar Freeze 180 days
Barium (Ba) (mg/kg DW) No value <0.1 Glass jar Freeze 180 days
Cadmium (Cd) (mg/kg DW) 1.5 <0.1 Glass jar Freeze 180 days
Chromium (Cr) (mg/kg DW) 80 <0.2 Glass jar Freeze 180 days
Cobalt (Co) (mg/kg DW) 1.02 <0.2 Glass jar Freeze 180 days
Copper (Cu) (mg/kg DW) 65 <0.2 Glass jar Freeze 180 days
Iron (Fe) (mg/kg DW) No value <5 Glass jar Freeze 180 days
Mercury (Hg) (mg/kg DW) 0.15 <0.01 Glass jar Freeze 28 days
Nickel (Ni) (mg/kg DW) 212 <0.7 Glass jar Freeze 180 days
Lead (Pb) (mg/kg DW) 50 <1 Glass jar Freeze 180 days
Zinc (Zn) (mg/kg DW) 200 <0.5 Glass jar Freeze 180 days
Tributyltin (TBT) (ug Sn/kg DW)3 9 <0.5 Glass jar Freeze 56 days
TRH (C1—Css) (mg/kg DW)? 5504 <3 -<50 Glass jar Freeze 14 days
Total PAHs (ug/kg DW)? 10,000 <3-<10 Glass jar Freeze 180 days
BTEXN (ug/g DW)? 5-500? <0.2-<1 Glass jar Freeze 14 days
Radium??® (Bg/g DW) <0.03 Glass jar Freeze 180 days
Radium??® (Bg/g DW) 35 combined <0.03 Glass jar Freeze 180 days
Thorium??® (Bg/g DW) <0.03 Glass jar Freeze 180 days
Total Kjeldahl nitrogen (TKN) (%) N/A <0.1 Glass jar Freeze 14 days
Total phosphorus (TP) (%) N/A <0.05 Glass jar Freeze 14 days
Total organic carbon (TOC) (%) N/A <0.2 Glass jar Freeze 14 days
Moisture content (%) N/A N/A Glass jar Freeze N/A
PSD N/A N/A Plastic ziplock bag Freeze N/A
Infauna N/A N/A Plastic ziplock bag 80% ethanol N/A

" ANZECC & ARMCANZ (2000a) 99% species protection value unless otherwise specified

2 ANZECC & ARMCANZ (2000b) ISQG-low reliability trigger value

% Normalised to 1% organic carbon

4 National Assessment Guidelines for Dredging (NAGD) Guidance Levels (Commonwealth of Australia 2009)?

mg/kg = milligrams per kilogram, DW = dry weight, Bqg/g = Becquerel per gram, ug = microgram, N/A = Not applicable

Table 2-2: Analytes and the corresponding analytical laboratory

Parameter Laboratory

Metals and metalloids (Al, As, Ba, Cd, Cr, Co, Cu, Fe, Hg, Ni, Pb, Zn) MAFRL'

Nutrients (TKN, TP) MAFRL

Total organic carbon (TOC) MAFRL

Particle size distribution (PSD) MAFRL

Total recoverable hydrocarbons (TRHs) ALS?

Benzene, toluene, ethylbenzene, xylenes (meta-, para- and ortho-xylene) and naphthalene ALS

(BTEXN)

Polycyclic aromatic hydrocarbons (PAHSs; only where TPHs detected) ALS

Tributyltin (TBT) ALS

NORMSs (radium??®, radium??® and thorium?28) Radiation Safety Services
Infaunal taxonomy Dardanus Scientific

" MAFRL — Marine and Freshwater Research Laboratory
2 ALS — Australian Laboratory Services
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225 Quality control procedures

To test for potential sample contamination during collection, storage or transport, low analyte concentration
water samples were provided by the laboratories to be split in two ways:

Qual

transport blank: to estimate any contamination introduced to the sample during the transportation and
storage stage, low analyte water was poured directly into the sample containers on site

field blank: to estimate any contamination introduced to the sample during the collection procedure. This
involved following the same sampling procedure using the low analyte water instead of the sample
sediment.

ity control procedures that related to the sediment sampling were:

sun cream/zinc and any other potential anthropogenic contaminants were avoided by the personnel in
contact with the sediment sampling equipment

smoking was prohibited in the sampling area

Decon 90-cleaned latex gloves were worn at all times when handling sediment samples. Gloves were
cleaned between each replicate.

sampling utensils (i.e. plastic spoons, glass bowls) were Decon 90-cleaned between replicates just prior to
taking samples

samples were processed on an open area of the deck as far from sources of potential contamination (e.g.
the A-frame, vessel exhaust fumes) as possible

as far as possible, the insides of the sample jar and did not come in contact with any potentially
contaminated surfaces or substances (such as hands, workbenches or vessel emissions)

hands did not come into contact with the insides or lip of the sample jars.

Procedural and record-keeping quality control measures implemented were:

23
2.3.1

Due
only

global positioning system (GPS) waypoints were recorded for all sampling attempts from the vessel when
the grab reached the sea bed

water depths, times, dates, samples collected and in situ observations were also recorded onto field
logsheets

photographs were taken of sediment samples collected
appropriate chain of custody forms to accompany samples were completed for each laboratory

any changes to the field procedures were documented.
Sediment Profile Imagery
Deployment and image capture

to incoming poor weather, the Sediment Profile Imagery (SPI) camera system (Figure 2-3) was deployed
at site SP3 in the permit area (Figure 2-2).
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Figure 2-3: SPI system prior to deployment

The SPI system was deployed from the A-frame, and once on the seabed it was left to rest for one minute to
allow the profile image to be taken. Time, depth and position were taken each time the SPI was on the seabed.
The SPI was then raised approximately 5 m from the seabed and held for one minute to allow the electronics to
re-set. The unit was then lowered to the seabed. This was repeated to allow five photograph attempts on the
seabed. The unit was then raised to the surface and images checked and downloaded on deck. Three
independent images were successfully collected at this site. Deteriorating weather conditions and work priorities
did not allow for further deployment at other sites. Once downloaded, images were backed up on an external
hard drive for return to Perth.

2.3.2 Image analysis

Images were subject to quality assurance/quality control (QA/QC) procedures, then analysed in the office for the
following parameters:

e depth of penetration of the prism

o sediment surface features

e depth of the apparent Redox Potential Discontinuity (aRPD)

e occurrence of methane gas pockets

e bioturbation, including burrows and feeding voids

¢ Benthic Habitat Quality (BHQ) index

e successional stage (based on BHQ index scores, after Nilsson and Rosenberg (2000)

e average particle size (diameter).

WV04831-NMS-RP-0027 15
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3. Results

3.1 Sediment quality

Sediment survey logs, showing sampling data for all sampling attempts (e.g. date, geographic position, sample
descriptions) can be found in Appendix A. Photographs of sediment samples can be found in Appendix B. A
summary of samples collected is presented in Table 3-1.

Table 3-1: Number of replicate samples successfully collected at each site

Latitude? Longitude? Metals Hydrocarbons NORMs PSD

SP1 -9.725° 130.482 ° 2 2 2 1 1
SP2 -9.749 ° 130.342° 2 2 2 1 1
SP3 -9.762° 130.180 ° 2 2 2 1 1
SP4! -9.905° 130.179 ° 1 1 1 1 0
SP5’ -9.888 ° 130.405 ° 2 2 2 1 1
SP6E -9.812° 129.968 ° 2 2 2 1 1
SP7 -9.917° 129.561 ° NS

SP8 -9.952 ° 129.535 ° 2 2 2

SP9 -9.939° 129.603 ° 1 0 0 1 0
SP10N -9.857 ° 129.535 ° 2 2 2

SP11 -10.133 ° 129.550 ° NS

SP12 -10.064 ° 129.478 ° 2 2 2 1 1
SP13 -10.196 ° 129.663 ° 2 2 2 1 1
SP14 -10.249 ° 129.768 ° 2 2 2 1 1
SP15 -10.009 ° 130.778 ° 2 2 2 1 1
SP16 -10.027 ° 130.810° NS

SP171 -10.041° 130.838 ° 1 1 1 1 0

N

Samples at SP4, SP5 and SP17 were collected using the 0.2 m? van Veen grab. All other samples were collected using the 0.1 m? van
Veen grab.

2 GPS co-ordinates presented in decimal degrees. Datum used was WGS84.
NS = No sample

Samples were not collected at sites SP7, SP11 and SP16 due to the occurrence of BPPH. Benthic habitat
surveys at SP11 and SP16 had previously collected imagery of benthic habitats, and GoPro imagery was
collected at site SP7. Grab sampling at these locations posed a high risk of environmental damage, with low or
negligible chance of sampling success (Figure 3-1). GoPro imagery was also captured at SP8 as this was less
than 100 m water depth, but in this case the substrate was identified as being suitable for sampling (Figure 3-2).

Sites SP6 and SP10 were relocated by at least 500 m due to three failed grab sampling attempts at the original
locations. These sites were moved to the east and north, and hence renamed SP6E and SP10N, respectively.
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Figure 3-1: Hard substrate coral and sponge habitats at site SP7

Figure 3-2: Sediment suitable for sampling at site SP8

WV04831-NMS-RP-0027
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3.1.1 Metals and metalloids

Of the total metals/metalloids in the sediments sampled from the permit area, Evans Shoal, Tassie Shoal and
Lynedoch Bank sites, only cobalt and nickel were recorded were above the ANZECC & ARMCANZ (2000b)
ISQG-low reliability trigger value, where trigger values were available (Table 3-2). Cobalt was recorded up to
seven-fold above the ISQG-low reliability trigger value level of 1.0 mg/kg at all sites except SP8. Nickel
concentrations were recorded at or slightly above the ISQG-low trigger value (21 mg/kg DW) at two of the sites
(SP1 and SP2). It should be noted that cobalt and nickel (both of which are often strongly associated) tend to
complex strongly with organic molecules and are likely to be largely unavailable for biological uptake (Wenziker
et al. 2006). None of these levels of cobalt and nickel are indicative of contamination and can be considered to
represent the locally specific, naturally occurring background concentrations. High levels of cobalt and nickel are
commonly found in sediments in Australia (Commonwealth of Australia 2009).

Concentrations of the metals and metalloids aluminium, barium, chromium, cobalt, copper, iron, mercury, nickel,
lead and zinc were generally 2-3 times greater in the deep water permit area than in the shallow water
sediments at the shoals.

Total arsenic concentrations were similar at all stations of all the permit area, Evans Shoal, Tassie Shoal and
Lynedoch Bank sites and ranged from 3 to 5 mg/kg, well below the ANZECC & ARMCANZ (2000b) ISQG-low
reliability trigger value of 20 mg/kg.

Total cadmium concentrations ranged from 0.1 to 0.3 mg/kg at all sites, well below the ANZECC & ARMCANZ
(2000b) ISQG-low reliability trigger value of 1.5 mg/kg.
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31.2 Tributyltin

Tributyltin concentrations at all sites were below the limit of reporting (LOR) (Table 3-3) and hence well below
the ANZECC & ARMCANZ (2000b) ISQG-low reliability trigger value of 9 uygSn/kg. Monobutyltin and dibutyltin
concentrations were also below the LOR. Tripropyltin concentrations ranged from 8.8% at SP3 to 100% at
SPG6E. There are no guideline values for monobutyltin, dibutyltin or tripropyltin.

Table 3-3: Monobutyltin, dibutyltin, tributyltin and tripropyltin concentrations

Parameter Monobutyltin Dibutyltin Tributyltin Tripropyltin

Units pugSn/kg ugSn/kg ugSn/kg %
Limit of reporting 1 1 0.5 0.1
Guideline' N/A N/A 9 N/A
Site

SP1 1 <1 <1 <0.5 86.8
SP12 <1 <1 <0.5 68.2
SP2 1 <1 <1 <0.5 12.2
SP2 2 <1 <1 <0.5 74 1
SP3 1 <1 <1 <0.5 8.8
SP3 2 <1 <1 <0.5 66.6
SP4 1 <1 <1 <0.5 79.2
SP5 1 <1 <1 <0.5 92.2
SP5 2 <1 <1 <0.5 83.5
SP6E 1 <1 <1 <0.5 89.9
SP6E 2 <1 <1 <0.5 100
SP8 1 <1 <1 <0.5 69.8
SP8 2 <1 <1 <0.5 20.1
SP9 1 NS2 NS NS NS
SP10N 1 1 <1 <0.5 97.2
SP10N 2 <1 <1 <0.5 99.1
SP12 1 <1 <1 <0.5 85.5
SP12 2 <1 <1 <0.5 95.0
SP13 1 <1 <1 <0.5 54.8
SP132 <1 <1 <0.5 87.2
SP14 1 <1 <1 <0.5 88.2
SP14 2 <1 <1 <0.5 70.7
SP151 <1 <1 <0.5 80.3
SP152 <1 <1 <0.5 69.8
SP17 1 <1 <1 <0.5 86.8

T ANZECC & ARMCANZ (2000b) ISQG-Low reliability trigger value
2 NS = No sample

313 Hydrocarbons

Historically, total petroleum hydrocarbons (TPHs) were analysed according to carbon chains Ceé—Cg, C10—Ci4,
C15—C2s and C20—Css. In an attempt to incorporate health and ecological screening levels for petroleum
hydrocarbons, the National Environment Protection Council released draft National Environment Protection
Measures (NEPC 2013) that resulted in changes in the carbon chain divisions considered. This was based on
analytical factors such as physical and chemical properties and the availability of toxicity data. This new
analysis of hydrocarbons is called total recoverable hydrocarbons (TRHs) and includes benzene, toluene,
ethylbenzene, meta-, para-, and ortho-xylene and naphthalene (BTEXN).

TPH, TRH and BTEXN concentrations were below the laboratory LOR at all sites and depths in and around the
Permit Zone, Evans Shoal, Tassie Shoal and Lynedoch Bank (Table 3-4). Consequently, polycyclic aromatic
hydrocarbons (PAHs) were not analysed.
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314 Naturally occurring radioactive materials

Radium?26 was found above the laboratory minimum reporting limit (MRL) in three samples — SP4 1, SP6E 1
and SP6E 2 (Table 3-5). Radium?2 and thorium?22® concentrations were all below the MRL at all sites. All of
these NORMs were below the ANZECC & ARMCANZ (2000b) ISQG-low reliability trigger value for
radionuclides (sum of gross alpha and gross beta) of 35 Bqg/g at all sampling sites.

Table 3-5: Naturally occurring radioactive materials

Parameter Radium?2¢ Radium?328 Thorium?228
Units Bq/g Bqg/g Bq/g
MRL 0.03 0.03 0.03
Site
SP11 <0.03 <0.03 <0.03
SP12 <0.03 <0.03 <0.03
SP2 1 <0.03 <0.03 <0.03
SP2 2 <0.03 <0.03 <0.03
SP31 <0.03 <0.03 <0.03
SP3 2 <0.03 <0.03 <0.03
SP4 1 0.068 <0.03 <0.03
SP51 <0.03 <0.03 <0.03
SP52 <0.03 <0.03 <0.03
SP6E 1 0.041 <0.03 <0.03
SP6E 2 0.034 <0.03 <0.03
SP8 1 <0.03 <0.03 <0.03
SP8 2 <0.03 <0.03 <0.03
SP9 1 NS NS NS
SP10N 1 <0.03 <0.03 <0.03
SP10N 2 <0.03 <0.03 <0.03
SP12 1 <0.03 <0.03 <0.03
SP12 2 <0.03 <0.03 <0.03
SP13 1 <0.03 <0.03 <0.03
SP132 <0.03 <0.03 <0.03
SP14 1 <0.03 <0.03 <0.03
SP14 2 <0.03 <0.03 <0.03
SP15 1 <0.03 <0.03 <0.03
SP152 <0.03 <0.03 <0.03
SP17 1 <0.03 <0.03 <0.03
NS = No sample

3.1.5 Nutrients

Total Kjeldahl nitrogen (TKN) concentrations ranged from 0.2 mg N/g at SP8 and SP13, to 2.1 mg N/g at SP2
(Table 3-6). TKN concentrations were generally greatest in the northern permit area, 2-3 times lower in the
southern permit area, and lowest (4—10 times lower) in the vicinity of the shoals.

Total phosphorus (TP) concentrations ranged from 0.31 mg P/g at SP8 to 2.8 mg P/g at SP4. The spatial
pattern in distribution of TP concentrations was less clear than for other nutrients, with greatest concentrations
(with the exception of SP4) occurring at sites SP12 to SP17 (at Tassie Shoal and Lynedoch Bank), lower
concentrations in the permit area and deeper waters adjacent to the shoals (except SP4) and lowest
concentrations at SP8 on Evans Shoal.

Total organic carbon (TOC) concentrations ranged from <0.2% at SP13 (below the laboratory LOR) to 1.5% at
SP2. TOC levels were 3-5 times higher in the northern (deeper) permit area.

There are no ANZECC & ARMCANZ (20004, b) trigger values for nutrients.
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Table 3-6: Nutrient concentrations

JACOBS

Parameter TKN TP TOC
Units mg N/g mg P/g % C
LOR <0.1 <0.05 <0.2
Guideline N/A N/A N/A
Site
SP11 1.9 0.74 1.4
SP12 2.0 0.78 1.4
SP2 1 2.1 0.78 1.5
SP2 2 2.1 0.78 1.5
SP3 1 1.6 0.81 1.2
SP3 2 1.5 0.80 1.1
SP4 1 0.5 2.8 0.4
SP51 0.6 0.98 0.5
SP5 2 0.7 0.89 0.5
SP6E 1 0.8 1.6 0.6
SP6E 2 0.9 1.6 0.6
SP8 1 0.2 0.31 0.3
SP8 2 0.3 0.31 0.2
SP9 1 0.3 0.79 0.2
SP10N 1 0.3 0.79 0.2
SP10N 2 0.3 0.90 0.3
SP12 1 0.4 1.2 0.3
SP12 2 0.5 1.1 0.4
SP13 1 0.2 1.4 0.2
SP13 2 0.2 1.4 <0.2
SP14 1 0.4 1.9 0.3
SP14 2 0.4 1.9 0.3
SP15 1 0.3 1.8 0.3
SP152 0.3 2.0 0.2
SP17 1 0.5 1.3 0.3
3.1.6 Multivariate analysis of sediment quality data

Data for metals/metalloids and nutrients were combined and normalised for multivariate analysis. Data that were
consistently or wholly below the laboratory LOR or MRL (i.e. TBT, TPH, TRH, BTEXN and NORMs) were
excluded from the analysis. Analysis using PRIMER v6 was based on Euclidean distance resemblance. Cluster
analysis with SIMPROF identified five significant groups derived from the sediment quality variables analysed
(Figure 3-3 and Figure 3-4):

1.

2.

Group A corresponded to the northern (deepest) permit area sites

Group B included the southern permit area sites (SP4 and SP5) and SP6E (approximately 20 km west
of the permit area)

Group C are from Tassie Shoal sites
Group D are from SP8 on Evans Shoal

Group E comprises samples from Evans Shoal, Tassie Shoal and Lynedoch Bank.
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3.1.7 Particle size distributions

Laboratory PSD results can be found in Appendix C. Prior to statistical analysis, data were analysed to
characterise sediment samples in terms of Folk sediment classification, sorting, skewness and kurtosis (Table
3-7).

Folk sediment classifications provide a high-level description of sediment characteristics. The description is
provided in the form of a code, which is made of abbreviations for principal sediment components. The code
describes the sediment starting with the least characteristic component and finishing with the most characteristic
component (which is capitalised), where:

m/M = muddy / Mud (which is synonymous with silt/clay)
s/S = sandy / Sand

g/G = gravelly or Gravel
() = slightly
For example:
(g)mS = slightly gravelly muddy Sand
smG = sandy muddy Gravel

Folk classifications ranged from sandy mud (sM) at SP2 in the northern (deepest) section of the permit area, to
gravelly sand (gS) at SP8 and SP9 (Evans Shoal) (Figure 3-5). Folk classifications were also derived from the
URS (2005) Caldita-1 pre-drilling environmental survey PSD data to increase the data density in the southern
area between the permit area and the shoals. Although the Folk classifications from the Caldita-1 data
(approximately 35 km south of the Barossa field) are likely to underestimate the gravel component due to the
difference in PSD analysis method used, the data were generally a good fit and provide a useful contribution to
the characterisation of the environment (Figure 3-5).

Sediments were found to contain a gravel component in the eastern permit area (SP1 and SP5) and became
coarser towards the shoals (muddy sands as opposed to sandy muds) (Figure 3-5). Sites in and adjacent to the
western permit area were also coarser than SP2, but lacked a gravel component (Table 3-7). Sediments were
coarser in a southerly direction from the western permit area to Caldita (Caldita-1 is between C5000N to
C50008), transitioning from muddy sands to sands. Sediments at the shoals are generally slightly gravelly
sands, with a >10% mud component on the shoal flats. Sites at the shallow shoals were gravelly sands,
consisting of <10% mud component and >20% gravel.

Sorting describes the distribution of grain sizes within sediments. Poorly sorted sediments indicate that the
sediment is comprised of a wide range of different particle sizes, whereas well sorted sediments are comprised
of a small size range of similar particle sizes. This has implications for both the physico-chemical (e.g. pore
water flow, oxygenation) and biological characteristics of sediments (based on available ecological niches,
available oxygen, energy required to move through sediments, etc.). Sediments in the study area ranged from
moderately sorted in the northern (deepest) part of the permit area (SP1 and SP2) to very poorly sorted at the
shallow Evans Shoal sites (SP8 and SP9). All other sites were characterised as having poorly sorted sediments
(Table 3-7)

Skewness and kurtosis describe the distribution curve of the sediment particle size distribution, relative to the
bell-shaped normal curve. Skewness describes dominance of finer (left or fine skewed) or coarser particle sizes
(right or coarse skewed) in the sample, rather than an even distribution. Kurtosis describes the relative
dominance of different particle sizes. A leptokurtic (“sharp” or “pointy”) curve describes a sediment sample that
is highly dominated by a small number of similar size classes. A platykurtic curve describes a sediment sample
that has a relatively even representation of particle sizes across the size range. Sediments in the permit area
ranged from strongly fine skewed and leptokurtic at SP2 to coarse skewed and mesokurtic at SP4 (Table 3-7)
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Cluster analysis of Euclidean distance resemblance based on square root transformed PSD data identified four
main groups of sediments (Figure 3-6). Group A consisted of the northern (deepest) permit area sites (SP1 to
SP3). Group B consisted of the shallow Evans Shoal sites (SP9 and SP9) and the seaward shoal slope sites
(SP10N and SP15). Group C was comprised of the remaining permit area sites (SP4 and SP5) and SP6E
adjacent to the permit area. The final group (Group D) comprised of the shoal flat, Tassie Shoal and shallow
Lynedoch Bank sites (SP12, SP13, SP14 and SP17, respectively). The spatial distribution of PSD groups is
presented in Figure 3-7.

Two-dimensional n-MDS ordination (Figure 3-8) showed an almost linear pattern of distribution of the four

groups of sites from the coarsest sediments on the left and the finest sediments on the right.

Table 3-7: Sediment sample particle size characteristics

% Sand
(0.063—
4 mm)

Folk
classification

% Gravel
(4—64 mm)

% Silt/clay

(<63 pm)

Sorting

Skewness

Kurtosis'

NB: Includes PSD data from Caldita-1 (C5000N and C5000S) (URS 2005)

Figure 3-5: Distribution of Folk sediment classifications throughout the sampling area

(9)sM Moderately Strongly fine Mesokurtic
sorted skewed
SP2 66.35 33.65 0.00 sM Moderately Strongly fine Leptokurtic
sorted skewed
SP3 45.16 54.84 0.00 mS Poorly sorted Strongly fine Platykurtic
skewed
SP4 16.45 83.55 0.00 mS Poorly sorted Coarse skewed Mesokurtic
SP5 24.65 75.30 0.05 (g9)mS Poorly sorted Symmetrical Platykurtic
SP6E 26.21 73.79 0.00 mS Poorly sorted Symmetrical Platykurtic
SP8 4.88 71.48 23.64 gS Very poorly Fine skewed Platykurtic
sorted
SP9 5.47 67.37 27.15 gS Very poorly Fine skewed Platykurtic
sorted
SP10N 5.93 93.02 1.04 (9)S Poorly sorted Symmetrical Leptokurtic
SP12 15.99 83.59 0.42 (9)mS Poorly sorted Fine skewed Platykurtic
SP13 10.94 87.66 1.39 (9)mS Poorly sorted Symmetrical Platykurtic
SP14 12.36 86.59 1.04 (9)mS Poorly sorted Symmetrical Mesokurtic
SP15 5.93 90.34 3.73 (9)S Poorly sorted Fine skewed Mesokurtic
SP17 13.76 85.94 0.29 (9)mS Poorly sorted Fine skewed Mesokurtic
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Comparison of PSD groups with the sediment quality groupings identified in Section 3.1.6 indicated similar
spatial distributions. To determine if there was a clear relationship between PSD and contaminants, an n-MDS
ordination of contaminants data overlaid with contaminant groups (Figure 3-9) was compared with the same n-
MDS but overlaid with the PSD groupings (Figure 3-10). This clearly showed a direct relationship between PSD
and contaminants, with contaminant Group A matching PSD Group A, and contaminant Group B matching PSD
Group D.

To further investigate the drivers for variation in sediment composition in the study area, a Principal Component
Analysis (PCA) based on PSD data combined into silt/clay, sand, gravel and cobble size classes was overlaid
with PSD groups (Figure 3-11). This showed that the main drivers of sediment heterogeneity were the silt/clay
and sand fractions. The influence of the gravel fraction was only particular of note at SP8 (and presumably SP9
if a PSD sample had been successfully collected). Figure 3-12 illustrates the relationship between silt/clay,
sand and gravel fractions in the transitional gradient of Folk sediment classifications of sites for the study area.
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Figure 3-9: Sediment quality characteristics overlaid with contaminant groups
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The relationship between PSD and contaminants demonstrated in Section 3.1.6 is demonstrated further by
overlaying contaminant groups over the PSD PCA (Figure 3-13), with contaminant group A being associated
with a high silt/clay and low sand/gravel component. Group D, conversely, was associated with a high gravel

and low silt component.
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Figure 3-13: Principal components analysis plot of PSD data, overlaid with sediment quality groups

3.2 Infauna

3.21 Descriptive statistics

Fourteen infaunal samples were successfully collected. The infaunal data can be found in Appendix C.
Descriptive statistics of the infaunal community data describing the number of species (S), abundance (N),
Margalef’s species richness (d), Pielou’s evenness (J’), Shannon-Weiner diversity (H’) and Simpson’s alpha
diversity index (1-A’) are presented in Table 3-8. The number of species (S) ranged from 3 at SP10N to 42 at
SP8. Abundance (N) ranged from three individuals at SP10N to 63 individuals at SP8. Species richness (d) and
Shannon-Weiner diversity (H’) were consequently lowest at SP10N (1.8 and 1.1, respectively) and highest at
SP8 (9.9 and 3.56, respectively). Evenness (J’) and alpha diversity (1-A’) were lowest at SP1 and highest at

sites where each taxa was represented by a single individual (i.e. SP2, SP10N and SP12).

Table 3-8: Infaunal community descriptive statistics

Site S N d
SP1 6 9 2.3
SP2 5 5 2.5
SP3 6 7 2.6
SP5 g 15 3.0
SP6E 8 13 2.7
SP8 42 63 9.9
SP10N 3 3 1.8
SP12 15 19 4.8
SP13 12 12 4.4
SP14 24 33 6.6
SP15 39 56 9.4

J
0.88
1.00
0.98
0.92
0.91
0.96
1.00
0.97
1.00
0.96
0.96

H'(loge)

1.58
1.61
1.75
2.03
1.88
3.56
1.10
2.63
2.48
3.06
3.52

1-A°

0.83
1.00
0.95
0.90
0.88
0.98
1.00
0.97
1.00
0.98
0.98

1S = species richness, N = abundance, d = Margalef's species richness, J' = Pielou’s evenness, H' = Shannon-Weiner diversity, 1- X' =

Simpson’s index
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Sediments at the permit zone were characterised by burrowing taxa and demersal fish, namely foraminifera (an
amoeboid protist), nematodes, Bregmaceros sp. (codlets), tube-forming Onuphid polychaetes and the superb
nut shell Ennucula superba. The coarser Tassie Shoal sediments were characterised by syllid polychaetes,
tanaid crustaceans, foraminifera, brittlestars and fibularid echinoderms (urchins). Lynedoch Bank (SP15) was
characterised by biota that were characteristic of both the permit area and Tassie Shoal, namely nematodes,
tanaid crustaceans, and tube-dwelling onuphid polychaetes, but this site was relatively species-rich, and was
also characterised by lumbrinerid polychaetes, brittlestars (Amphioplus sp.), tube-dwelling chaetopterid
polychaetes and mud shrimp (callianassids). This suggested that mixed sediment habitats, comprising coarse
and fine sediments, were present at this site. The variability between infaunal communities at Evans Shoal
resulted in characteristic taxa being identified at the phylum level, with sediments being dominated by molluscs
(e.g. laevidentaliidae), crustaceans (e.g. tanaids, amphipods, isopods, callianassids) and annelid worms (e.g.
syllids, Nematonereis sp., lumbrinerids).

The infaunal community composition at the phylum level is presented in Table 3-9. Note that the infaunal
community included foraminifera, which are amoeboid protists. Cluster analysis of infaunal data (Figure 3-14)
identified that only site SP10N was significantly different to the other sites due to the high degree of variability
between remaining sites. Site SP10N had only three individuals from three taxa.

The macrofaunal and infaunal assemblages of the study area were found to be diverse, with 235 individuals
representing 124 taxa recorded from 11 grab samples.

3.2.2 Qualitative observations of infauna from grab samples

In situ observations and photographs of conspicuous biota and features were recorded at three sites (SP2, SP8
and SP15) and provide additional qualitative information about the ecology of these three sites.

A photograph of biota in the grab sample (for physico-chemical analysis) from SP8 shows the diversity of this
site (Figure 3-15a). Biota present were a stomatopod (mantis shrimp), shrimp, several Lithothamnion thalli
(coralline red algae) and a clump of predominantly biogenic material that included hydroids, bryozoan,
ascidians, sponges, red and green algae, and polychaete tubes (Figure 3-15a). Also observed in the grab
samples from this site were caprellid amphipods (skeleton shrimps), squat lobsters (Galathea sp.) and a spider
crab (see logsheets in Appendix B).

Samples from SP15 were noted to contain large shells (e.g. scallops and other bivalves), gastropod mollusc
shells, large pieces of shell hash, and large old calcareous worm tubes (Figure 3-15b).

In a grab sample from SP2 in the permit area, a large polychaete (>15 cm long) in a mud tube was collected
(Figure 3-15c). Polychaetes such as this generally adopt multiple feeding strategies, including carnivory,
scavenging, and even filter feeding by producing a mucus plug in their tube. As the tube is irrigated by
movement of the worm in the tube, particles are sucked into the mucus and become trapped. The worm then
ingests the mucus plug, and digests the trapped organic particles.
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Figure 3-14: Grouping of sites based on similarity of infaunal data
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Figure 3-15: Biota collected in a physico-chemical grab sample from SP8 (a), SP15 (b) and SP2 (c)
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3.23 Multivariate comparison of infaunal data with PSD data

To investigate the relationship between the biological environment and the physical environment, species
richness (S), abundance (N) and the abundance of each Phylum was overlaid as a bubble plot over the PSD
Principal Components Analysis plot (originally presented in Figure 3-11). A general trend of increasing species
richness (Figure 3-16) and abundance (Figure 3-17) with increasing contribution of the coarse sediment
component were observed. For many phyla there was also an evident trend of increasing abundance with
increasing contribution of the coarse sediment fraction (e.g. annelid worms and crustaceans) (Figure 3-18 and
Figure 3-19). However, in some cases this trend was reversed (e.g. Mollusca), where greatest abundances
were associated with finer sediments (Figure 3-20). Review of relationships between PSD and other phyla
indicated that some biota were associated with a more restricted range of sediment types. For example,
foraminifera were associated with sediments with a greater fines fraction (Figure 3-21), echinoderms were
associated with mixed sediments not dominated by a fines or coarse component (Figure 3-22), and sessile or
encrusting phyla such as cnidarians (anemones, sea pens and corals) and sponges (Porifera) were associated
with sediments with a strong coarse component (Figure 3-23 and Figure 3-24).

The PRIMER routine Bio-Env was used to identify the environmental variables that were likely to have had the
greatest influence on the distribution of infauna within the study area. Results showed that depth and silt/clay
(<63 um) component had the greatest combined influence on infaunal distribution, although this was not
considered significant (Global R = 0.404, significance 6.5%). The RELATE routine was used to compare the
distribution of samples based on environmental variables (Latitude, Longitude, depth, %gravel, %sand and
Y%silt) with the distribution based on infaunal community to determine whether there was a relationship between
environmental and biological parameters at a broader level. Results indicated that there was a significant
relationship between environmental variables and infaunal communities (Rho = 0.3332, significance level of
sample statistic = 0.9%), but with low Rho value and Bio-Env Global R values indicating that there was likely to
be a lot of overlap between the effects of different environmental variables.
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Figure 3-16: Infaunal species richness (S) overlaid over PSD principal components analysis plot
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Figure 3-17: Infaunal abundance (N) overlaid over PSD principal components analysis plot
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Figure 3-18: Annelid worm abundance overlaid over PSD principal components analysis plot
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Figure 3-19: Crustacean abundance overlaid over PSD principal components analysis plot
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Figure 3-20: Molluscan abundance overlaid over PSD principal components analysis plot
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Figure 3-21: Foraminifera abundance overlaid over PSD principal components analysis plot
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Figure 3-22: Echinoderm abundance overlaid over PSD principal components analysis plot
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Figure 3-23: Cnidarian abundance overlaid over PSD principal components analysis plot
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Figure 3-24: Porifera (sponge) occurrence overlaid over PSD principal components analysis plot
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3.3 Sediment Profile Imagery

Three images were successfully obtained from the single deployment of the SPI system at SP3 (in the permit
area). QA/QC review of the images identified that the sediment surface was not captured in the images due to
over-penetration of the prism.

The quality of the images was sufficient for analysis, although depth measurements were recorded as “greater
than” (>) as there was no point of reference other than the top of the images. Normally the point of reference
used is the sediment surface. The surface of the sediment was not captured due to the soft nature of the
sediment. Normally, the first deployment images are reviewed and the maximum penetration depth adjusted on
the frame to enable capture of the sediment surface for subsequent deployments. The maximum penetration
depth was >17.5 cm (Table 3-10), with no evidence of smearing in the images. The apparent Redox Potential
Discontinuity (aRPD) layer was not clearly evident, most likely due to the relatively consistent sediment
composition throughout the sediment profile in the images. A relatively thin coarser layer was evident in the
upper profile, with the majority of the profile consisting of consolidated fine (silt/clay) particles with fine sand and
small particles of broken shell. Evidence of bioturbation was recorded in all three images, through the
identification of burrows (1) and feeding voids (7) (e.g. Figure 3-25). Limited assessment of the Benthic Habitat
Quality (BHQ) index (Nilsson and Rosenberg 1997, 2000) could be undertaken, due to the lack of sediment
surface in the images. Results were indicative of benthic infaunal successional stage Ill, which identifies an
undisturbed habitat (Pearson and Rosenberg 1978). No evidence of methane gas pockets or hydrocarbons was
identified.

The smallest particle size identified from analysis of the images was 55 um. This defined the lowest limit of
resolution of this method.

Table 3-10: Results of analysis of images obtained using the Sediment Profile Imagery system

Parameter Profile Image 1 Profile Image 2 Profile Image 3
Min. penetration depth (cm) Not measurable Not measurable Not measurable
Max. penetration depth (cm) >17.6 >17.7 >17.7

Min. aRPD depth (cm) Not identified Not identified Not identified
Max. aRPD depth (cm) Not identified Not identified Not identified
Max. burrow depth (cm) >4.9 N/A N/A

Min. feeding void 1 depth (cm) >12.8 >9.5 >4.2

Max. feeding void 1 depth (cm) >13.1 >10.1 >4.7

Min. feeding void 2 depth (cm) N/A >11.1 >10.3
Max. feeding void 2 depth (cm) N/A >11.3 >11.2

Min. feeding void 3 depth (cm) N/A >13.4 >10.3
Max. feeding void 3 depth (cm) N/A >14.1 >10.7

Successional stage Il 1} Il
Benthic Habitat Quality (BHQ) index:

A= N/A N/A N/A

B= 3 3 3

C= N/A N/A N/A
Average particle size (mm) 0.080 0.087 0.094
Particle count 132443 102386 47805

Total area (%) 2.818 3.283 3.07
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Figure 3-25: Burrow (a) and feeding void (b) in SPI image from site SP3
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4. Discussion

This survey provides baseline information on sediment quality and a characterisation of seabed habitats in and
around the permit area. In general, the sites surveyed ranged in depth from around 70 m at the shoals and
banks to approximately 280 m in the permit area. Shallower sampling sites on the shoals and banks (with
minimum depths of <10 m in places) were found to be unsuitable for sediment sampling due to the density of
coral/biota cover and lack of consistent sediment patches (following review of remotely operated vehicle or
GoPro imagery). Therefore, to mitigate environmental risk, sampling was not undertaken at such sites.

Of the metals and metalloids tested, only cobalt and nickel were recorded above the ANZECC & ARMCANZ
(2000b) 1SQG-low reliability trigger values. Cobalt was commonly recorded above the ISQG-low reliability
trigger value level of 1.0 mg/kg (at all sites except SP8 in the permit area). Nickel concentrations were recorded
at or slightly above the ISQG-low trigger value (21 mg/kg DW) at SP1 and SP2 (within the permit area),
respectively. Nickel is commonly recorded at high levels in Australian sediments (Commonwealth of Australia
2009).

Tributyltin and hydrocarbons (TPHs, TRHs and BTEXN) were below the laboratory reporting limits at all sites.
Although historic exploration has been undertaken in the permit area, potential impacts from these activities
were not detected at the sampling locations.

Radium226 concentrations were recorded above the minimum reporting limit at SP4 (within the permit area) and
SPG6E (approximately 20 km to the west of the permit area), but at levels well below the ANZECC & ARMCANZ
(2000b) 1SQG-low reliability trigger value for radionuclides (sum of gross alpha and gross beta) of 35 Bq/g.
Radium?28 and thorium?22® were not detected at any site.

Nitrogen, phosphorus and organic carbon are released when organic compounds decay. The highest
concentrations of nitrogen and organic carbon were associated with the permit area sediments, which were the
deepest and the finest sediment habitats sampled. Deep water sediment habitats are predominantly
depositional, as indicated by their relatively high PSD fines component and nutrient content. The benthic
biological communities of these habitats are consumers rather than (primary) producers. They utilise the
increased nutrient component of sediments through adoption of detritus or deposit feeding strategies, which
may be used in combination with other feeding strategies (e.g. carnivory, scavenging or filter feeding).

The sediment type identified during this study were comparable with those found in local and broader regional
seabed habitat mapping studies undertaken in the Eastern Joseph Bonaparte Gulf and Timor Sea (URS 2005
and 2008, Fugro 2006a, b, Anderson et al. 2011, Przeslawski et al. 2011). The study area was characterised by
a gradual transition in sediment composition over broad spatial scales (tens of kilometres), and in particular
between the permit area and the sediments of the shallow shoals. This common trend is often related to depth
(and therefore current velocities at the sediment—water interface) and prevailing current or weather direction
(e.g. fetch). There was a lesser trend of an east—west transition in sediment type in the permit area, with finer
sediments (sandy muds) in the east to coarser muddy sands in the west. This is likely to be related to the
prevailing current direction, which flows along a south-eastward to north-westward axis near the seabed (Fugro
2015). The use of Folk sediment classifications was useful in mapping the different sediment types, and clearly
illustrated the transition in sediments from finer deep sediments to coarse shallow water sediments.

Infaunal communities were variable throughout the study area and are considered indicative of the benthic
infaunal communities that are likely to occur in the study area. Foraminifera (amoeboid protists) were recorded
at a number of the permit area sites. These were testate (i.e. have a shell) and were found to be within the
macrofaunal size class. These were also found in deep offshore water sediments sampled during a study in the
Browse Basin (approximately 30 km north-west of Seringapatam Reef) (SKM 2014). Relatively depauperate
faunal communities (only three individuals representing three taxa per 0.1 m2) were found at site SP10N (which
consisted of slightly gravelly sand, with approximately 1% gravel) on or adjacent to the steep shoal slope at
Evans Shoal. In contrast, the coarser gravelly sand sediments (approximately 24% gravel) at site SP8 in the
permit area were found to be diverse (42 taxa), with an abundance of 63 individuals per 0.1 m2. The relationship
between coarse sediments, high infaunal abundances and species richness has been previously identified in
the north-west shelf. Huang et al. (2013) noted that greater species richness and total abundance were
associated with coarse-grained, heterogeneous sediments. The infaunal data from this study was found to have
a greater number of taxa than recorded from the Browse Basin study (SKM 2014), with a total of 124 taxa from
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11 samples in comparison with 67 taxa from 14 samples, respectively. This can be explained by the ratio of
samples collected in deep water (12 of 14 samples taken in >400 m in the Browse Basin study area; 5 of 11
samples collected in water depths of >200 m in the current study area). Shallower sites were found to have
greater species richness (Section 3.2.1). Analysis of PSD from both the current study area and the Browse
Basin study showed that the shallower sediments associated with reef, shoals and banks were coarser in
nature. Increased light and food availability (due to increased productivity) in the shallow photic zone is also
likely to be a contributing factor. The range of infaunal abundances and number of species was greater than
that found in the Browse Basin study (from 3 to 63 individuals and 3 to 42 species per 0.1m2 compared with 2 to
48 individuals and 2 to 15 species from the Browse Basin). It must be noted, however, that the Browse Basin
deep samples were collected using a 0.1 m?2 box core, and the shallow samples using a 0.025 m? petit ponar
grab, so the upper range of infaunal abundance and number of species are likely to be higher for Browse (and
potentially more comparable with shallow-water samples collected in the current study). The characteristics of
the infaunal community recorded in the study area were comparable with those from other studies in North-West
Australia. For example, infaunal data recorded from the Carnarvon Shelf in North-West Australia varied from 4
to 97 individuals per 0.1 m? and from 4 to 48 species per 0.1 m? across the region studied (Przeslawski et al.
2013).

In situ observations and photographs of conspicuous biota collected in grab samples provided important
ecological context to the infaunal data (Olenin and Ducrotoy 2006). Aggregations of encrusting and sessile biota
(comprising of sponges, ascidians, hydroids, polychaete tubes, red and green algae; for example, as recorded
from site SP8 at Evans Shoal) increase the availability of niches for colonisation by a wide range of cryptic
biota. Large tube-dwelling infaunal crustacea were also recorded from this site, such as mantis shrimp and
shrimp. Large shell hash were recorded at SP15 at Lynedoch Bank, which was found to have the second
highest species richness and abundance. Large pieces of shell material and calcareous structures are of
ecological importance to particulate sediment biota. They can provide niches for colonisation by encrusting or
cryptic biota, such as squat lobsters and other crustaceans, and can also help consolidate sediments. Sediment
descriptions and deck sample photographs were considered as part of the interpretation of the PSD and
infaunal data, as larger sediment components (e.g. shell hash, cobbles) and biological aggregations are not
necessarily incorporated in the PSD and infaunal data. Large particle sizes (large shell hash and cobbles) are
often excluded from the sample collected for PSD analysis due to either the low number per surface area
sampled or (most commonly) as they take up too large proportion of the sample volume, which would skew the
data. Aggregations may be excluded or under-represented by infaunal analysis as colonial organisms may be
counted as individuals (under-representing their contribution), or excluded if they do not happen to occur in the
sample randomly chosen for infaunal analysis. Therefore, capturing these ecological components through
sediment descriptions and deck photos provided additional context in identifying relationships between habitat
composition and infaunal diversity and abundance (e.g. at site SP8 in the permit area).

Although only deployed once at one site in the permit area (SP3), the SPI system provided some additional
contextual information on undisturbed sediment profiles (e.g. structure) and bioturbation. The images indicated
that the site was undisturbed, based on the key features recorded (e.g. burrows, feeding voids and lack of
hydrocarbons or methane gas pockets). Particle size analysis from the three SPI images determined that
average particle size was 87 ym. The median grain size from PSD analysis on a sediment sample taken in the
vicinity was 70 um. These values are sufficiently similar that they would have been characterised in the same
size fraction using the PSD analysis, i.e. very fine sand (63 um—125 um).

In summary, the results of the sediment survey contributed to an appropriate baseline characterisation of the
sediment quality in the study area, and provided an indication of the composition of infaunal communities that
are found in the area.
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Appendix B. Photographs of Grab Samples and SPI Profile
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