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Figure 2-2 Location of video transects and drop-camera survey points.  
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Table 2-1 Co-ordinates of the start (S) and end (E) points for towed-video transects (MGA 94). 
 

Transect Point 
 

Longitude (east) 
 

Easting (MGA) m 
 

Latitude (south) 
 

Northing (MGA) m 
 

VT01E 151°27.285’ 356,403.6 33°27.876’ 6,296,137.6 
VT01S 151°27.343’ 356,492.2 33°27.829’ 6,296,225.8 
VT02E 151°27.308’ 356,439.7 33°27.895 6,296,103.0 
VT02S 151°27.366’ 356,528.3 33°27.848’ 6,296,191.3 
VT03E 151°27.330’ 356,474.4 33°27.915’ 6,296,066.6 
VT03S 151°27.388’ 356,562.9 33°27.867’ 6,296,156.6 
VT04E 151°27.353’ 356,510.5 33°27.934’ 6,296,032.0 
VT04S 151°27.411’ 356,599.1 33°27.887’ 6,296,120.2 
VT05E 151°27.375’ 356,545.1 33°27.953’ 6,295,997.4 
VT05S 151°27.433’ 356,633.7 33°27.906’ 6,296,085.6 
VT06E 151°27.398’ 356,581.3 33°27.973’ 6,295,960.9 
VT06S 151°27.456’ 356,669.8 33°27.926’ 6,296,049.2 
VT07E 151°27.420’ 356,615.9 33°27.992’ 6,295,926.4 
VT07S 151°27.478’ 356,704.5 33°27.945’ 6,296,014.6 
VT08E 151°27.472’ 356,695.3 33°27.950’ 6,296,005.2 
VT08S 151°27.337’ 356,483.0 33°27.833’ 6,296,218.3 
VT09E 151°27.461’ 356,678.5 33°27.959’ 6,295,988.3 
VT09S 151°27.326’ 356,466.2 33°27.843’ 6,296,199.6 
VT10E 151°27.449’ 356,660.2 33°27.969’ 6,295,969.5 
VT10S 151°27.314’ 356,447.8 33°27.852’ 6,296,182.6 
VT11E 151°27.438’ 356,643.4 33°27.978’ 6,295,952.6 
VT11S 151°27.303’ 356,431.1 33°27.862’ 6,296,163.9 
VT12E 151°27.426’ 356,625.1 33°27.987’ 6,295,935.7 
VT12S 151°27.291’ 356,412.8 33°27.871’ 6,296,147.0 
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Table 2-2 Co-ordinates of drop-video camera and sediment sampling locations.  
 

Sample point 
 

Longitude (east) 
 

Easting (MGA) m 
 

Latitude (south) 
 

Northing (MGA) m 
 

R1 151°27.236’ 356,322.6 33°27.692’ 6,296,476.6 
R2 151°27.228’ 356,311.3 33°27.729’ 6,296,408.0 
R3 151°27.493’ 356,721.4 33°27.714’ 6,296,441.8 
R4 151°27.473’ 356,690.8 33°27.732’ 6,296,408.1 
R5 151°27.562’ 356,830.0 33°27.776’ 6,296,328.8 
R6 151°27.555’ 356,819.6 33°27.795’ 6,296,293.5 
R7 151°27.232’ 356,317.0 33°27.711’ 6,296,441.3 
S1 151°27.611’ 356,905.8 33°27.777’ 6,296,328.1 
S2 151°27.416’ 356,605.2 33°27.829’ 6,296,227.5 
S3 151°27.157’ 356,205.5 33°27.880’ 6,296,127.2 
S4 151°27.607’ 356,905.6 33°27.994’ 6,295,926.9 
S5 151°27.219’ 356,306.0 33°28.043’ 6,295,827.5 
S6 151°27.347’ 356,505.7 33°28.099’ 6,295,726.9 
S7 151°27.410’ 356,606.3 33°28.208’ 6,295,527.0 
V1* 151°27.350’ 356,504.5 33°27.883’ 6,296,126.1 
V2* 151°27.382’ 356,554.8 33°27.910’ 6,296,077.0 
V3* 151°27.413’ 356,603.5 33°27.938’ 6,296,026.0 

Notes:  * denotes sediment sampling only 

2.3 Physical and Chemical Site Characterisation 

Towed-video and drop-video camera footage were used to describe the following physical 
characteristics along each transect and at each sample site:  

• confirmation of site bathymetry and sediment/seabed (sand or reef) characteristics 
previously identified using sonar and seismic reflection survey methods; 

• visibility; 

• direction, height and crest-to-crest distance of sand ripples; and 

• exposed rock or outcrop, including the presence and extent of any attached flora and 
fauna.   
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2.3.1 Sediments 

Single sediment grab samples were collected at three locations along the proposed centre line of the 
vessel (i.e. stern, middle and bow; sites V1 – V3) and from the seven random grid-selected locations 
near the proposed wreck site (sites S1 – S7) (see Figure 2-2).  Sediments were collected from the 
surface to a depth of approximately 100 - 150 mm, using a stainless steel van Veen grab sampler 
(Figure 2-3).  The grab sampler was slowly lowered from the survey vessel to the seabed and 
retrieved following sediment capture.  The collected sediment was emptied into a clean plastic core 
tray and packaged separately in glass jars for contaminant (metals/metalloids) testing, and in plastic 
bags for particle size analyses.  All samples were kept in the dark and on ice until delivery to the 
analytical laboratory the following day. 

 

Figure 2-3 van Veen grab sampler.  
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MOISTURE CONTENT AND PARTICLE SIZE ANALYSIS 

The moisture content of each of the sediment samples was determined using a gravimetric procedure 
based on weight loss over a 12 hour drying period at 103 - 105°C.  The ALS Laboratory Group 
(Newcastle) procedure that was used (EA055 -103) is compliant with NEPC (1999) Schedule B(3) 
(Method 102). 

Particle size analysis (PSA) was conducted on each of the sediment samples collected (sites S1 - S7; 
sites V1 - V3 plus QA sample from V3).  PSA was performed by ALS Laboratory Group, Newcastle, 
by wet sieving according to AS1289.3.6.1-1995 guidelines.   

METALS/METALLOIDS 

The concentrations of 16 metals in sediments, collected from sites V1 – V3, were determined by ALS 
Laboratory Group (Sydney).  ALS (Sydney) is NATA accredited for the metal analyses performed for 
this study.  The analyses covered Aluminium (Al), Antimony (Sb), Arsenic (As), Cadmium (Cd), 
Chromium (Cr), Copper (Cu), Cobalt (Co), Iron (Fe), Lead (Pb), Manganese (Mn), Mercury (Hg), 
Nickel (Ni), Selenium (Se), Silver (Ag), Vanadium (V) and Zinc (Zn), according to the following 
procedures: 

• Total Fe and Al in sediments were analysed using the ICPAES (Inductively Coupled Plasma 
Atomic Emission Spectrometer) technique, which iodises samples in plasma, emitting a 
characteristic spectrum based on the metals present.  This method is compliant with NEPC 
(1999) Schedule B(3). 

• Total Hg was analysed using Field Ionisation Mass Spectrometer (FIMS), which is an 
automated flameless atomic absorption technique.  The level of Hg in solids was determined 
following acid digestion and reduction of ionic Hg to atomic Hg vapour by SnCl2 which was 
then purged into a heated quartz cell.  Quantification was achieved by comparing absorbance 
against a calibration curve.  This method is in accordance with AS 3550 and is compliant with 
NEPC (1999) Schedule b(3). 

• The remaining metals were analysed using ICPMS (Inductively Coupled Plasma Mass 
Spectrometry), which uses argon plasma to ionise selected elements.  These ions were 
passed into a high vacuum mass spectrometer, which separates the analytes based on their 
distinct mass to charge ratios.  This method is compliant with APHA (2005), 3120. 

2.3.2 Water Quality 

Vertical profiling of temperature (°C), pH, dissolved oxygen (DO) (mg/L), conductivity (micro Siemens 
per cm)(µS/cm) and turbidity (Nephelometric Turbidity Units, NTU) was performed at the mid-point of 
the proposed wreck site (V2) and at two randomly selected drop-video sites (R5 and S6), using an in-
situ multi-parameter water quality meter (Troll 9500).  Given the exposed, open-coastal nature of the 
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site, it was anticipated that there would be limited spatial variability in water quality parameters 
between locations and so, three locations were considered a suitable representation for 
characterising water quality.  Water quality measurements were taken at 1 m below the sea surface, 
at 5 m below the surface and every 5 m thereafter to a depth of 30 m.  Vertical profiles of each of the 
physio-chemical water quality parameters measured are presented in Section 3.3.2, except for DO 
values, where a malfunction in the probe sensor led to erroneous results. 

2.4 Quality Assurance/Quality Control 

A field duplicate sample was collected at site V3, in addition to the primary sample and was marked 
as “QA”.  This sample was collected to test homogeneity of the sampled material.  The Relative 
Percent Difference (RPD) was calculated between the primary (V3) and field duplicate (QA).  An 
acceptable level of difference between samples was set at ± 50%, in accordance with 
ANZECC/ARMCANZ (2000b). 
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3. RESULTS 

3.1 Field Conditions 

Weather conditions at the site on 21st July 2009 were generally fine and sunny with a maximum air 
temperature of 22°C, calm seas with a 0.5 m swell and a light NW breeze of up to 5 knots increasing 
to 10 knots in the mid-afternoon.  Surveys were carried out between approximately 8 am and 4.30 pm 
Australian Eastern Standard Time (AEST).  High tide (1.33 m) occurred at 7.23 am AEST and low tide 
(0.38 m) at 12.56 pm AEST. Sunrise was at 6.55 am AEST and sunset at 5.08 pm AEST (Department 
of Commerce 2008).   

Australian Government Bureau of Meteorology (BOM) climate statistics for Gosford (Narara Research 
Station) for July 2009 were as follows: 

• Mean maximum air temperature of 17.5°C.  

• Mean minimum temperature of 4.6°C.   

• Mean 3 pm air temperature of 16.2°C. 

• Mean 3 pm wind speed of 7.7 km/h (4.2 knots).  

• Mean rainfall of 78.7 mm. 

3.2 Video Transects and Drop-Camera Survey 

A summary of the results from video footage analyses are presented in Table 3-1.  

3.2.1 Rocky Reef Sites 

Seven rocky reef sites (R1 - R7) were inspected using the drop-camera.  Of the seven sites, five were 
confirmed as rocky reef while Sites R5 and R6 comprised sandy seabed.  Site R1 (Figure 3-1) was 
rocky reef consisting of large boulders with large horizontal surfaces and crevices between the 
boulders.  The kelp, Ecklonia radiata, was present but uncommon as most of the rocks were clear of 
algal growth.  Closer inspection showed the presence of short turfing species of algae (possibly 
coralline species) as well as sponges and ascidians on the rock surface.  Fish were generally 
uncommon. 
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Site R1 Site R3 

Figure 3-1 Rocky reef habitat (Sites R1 and R3).  

Site R2 was predominantly coarse sand and shell with rock outcrops visible in the latter part of the 
footage.  Site R3 was similar to Site R1 with large rock boulders that appear bare but are covered in 
small species of turfing algae.  Abundance and diversity of fish was also highest at this site.  

Site R4 begins with sand which then grades into low profile rocky reef.  The reef at the site is 
essentially a small rocky outcrop which is limited in size.  Most of the footage from this site consists of 
bare, rippled sand.  As previously mentioned, Sites R5 and R6 were sand.  The seabed at Site R5 
looked bioturbated in comparison to Site R6 which was the typical bare, rippled sand habitat.  Very 
little biota was seen on the seabed.  

3.2.2 Soft Sediment Sites 

Seven soft seabed sites (S1-S7) were inspected using the drop-camera.  Of the seven sites, six sites 
were confirmed as sand while Site S7 was rocky reef.   Sites S1 through to S6 were largely compact, 
contoured sand with very little epifauna or macroalgae present (Figure 3-2).  Some evidence of 
bioturbation was noted at some of the sites.  Fish were generally uncommon over the sandy seabed 
sites with the exception of rays which were encountered at most of the sites.  

Site S7 was rocky reef consisting of large boulders with crevices between the boulders similar to Site 
R1.  Water clarity at Site S7 was generally poor. 
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Site S4 Site S5 

Figure 3-2 Sandy seabed habitat (Sites S4 and S5).  

3.2.3 Proposed Scuttling Location 

A total of 12 video transects over the proposed scuttling location were viewed using towed sled 
apparatus (refer Figure 2-1).  Footage over all twelve transects confirmed the presence of sand over 
the proposed scuttling location (Figure 3-3) and absence of rocky substrate.  Formed sand ripples 
were present at several sites and had an orientation indicating a wave climate roughly from a south-
easterly direction. Ripple crests were short, only up to about 2 cm, with crests spaced about 10-15 cm 
apart. 
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Transect VT01 Transect VT02 

 

Transect VT08 Transect VT10 

Figure 3-3 Selected screen capture from video transects (VT01, VT02, VT08 and VT10).  
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Table 3-1 Summary of the major seabed characteristics for each sampling site.  

Site Longitude 
(east) 

Latitude 
(south) 

Water Depth (m) * Seabed type Biological features 

V1 151° 27.350  33° 27.883 33.3 m Sand  

V2 151° 27.382 33° 27.910 33.3 m Sand  

V3 151° 27.413 33° 27.938 33.6 Sand  

R1 151° 27.229  33° 27.690  28.7 m Low – medium profile 
boulder reef 

Sponges and macroalgae 

R2 151° 27.231  33° 27.724  28.9 m Coarse sand with ripples 
and patchy reef 

Macroalgae 

R3 151° 27.496  33° 27.708  32.6 m Boulder reef with some 
sandy patches 

Macroalgae and fish 

R4 151° 27.474  33° 27.728  32.4 m Low profile patchy reef with 
sandy patches 

 

R5 151° 27.564  33° 27. 774  34.2 m Coarse rippled sand Stingray 

R6 151° 27.557  33° 27.794  34.4 m Rippled sand  

R7 151° 27.240  33° 27.707  27.6 m Low profile patchy reef with 
some ledges and boulders 

Sponges 

S1 151° 27.613  33° 27.772  34.9 m Sand  

S2 151° 27.419  33° 27.825  32.0 m Rippled Sand  

S3 151° 27.158  33° 27.87  27.0 m Rippled Sand  

S4 151° 27.609  33° 27.993  35.3 m Sand Macroalgae and stingray 

S5 151° 27.220  33° 28.042  29.1 m Sand  

S6 151° 27.347  33° 28.095  32.7 m Sand  

S7 151° 27.410  33° 28.208  31.1 m Medium profile boulder reef  

* Water depths are as recorded on the survey day between 8 am and 4.30 pm.  They are not corrected to MSL. 
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3.3 Physical and Chemical Characteristics 

3.3.1 Sediments 

MOISTURE CONTENT 

The moisture content of sediment samples collected from the three locations at the proposed scuttling 
site varied between 20.7% and 23% with a mean moisture content of 22.2%.  The moisture content of 
each sample is presented in Table 3-2.  

 

Table 3-2 Sediment moisture content. 
Sampling Site 

  
V1 V2 V3 Mean 

Moisture Content (%) 20.7 23 22.9 22.2 

PARTICLE SIZE ANALYSIS 

Particle size analyses were performed on the three sediment samples collected from the proposed 
scuttling site (V1 – V3, with an additional QA sample from site V3) and on the seven random grid-
selected locations within 600 m of the proposed scuttling site (S1 – S7) (Table 3-3).  Sediment 
classifications based on particle size categories are also presented in Table 3-3.  

All sediment samples collected (with the exception of Site S7, which, as noted in Section 3.2.2, was 
classified as rocky reef) were comprised mostly (around 98%) of sediments smaller than 2 mm 
diameter.  Most (average 86.4%) of the sand fraction was smaller than 300 µm so samples can be 
classified as ‘fine sand’.   

Sediments collected from Site S7, were comprised of a broader spread of particle sizes, with around 
20% of particles classed as gravel (i.e. greater than 2 mm diameter), but with most (approximately 
75%) within the ‘sand’ fraction. 

There were no signs of algal discolouration in any of the sediments collected.  No live benthic fauna, 
with the exception of a single small echinoderm, were large enough to be observed by eye from the 
collected sediments. 
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Table 3-3 Particle size analysis. 

 Particle Size %  

Particle Size V1 V2 V3 S1 S2 S3 S4 S5 S6 Mean  

+75 µm 100 99 99 98 97 98 99 98 98 98.4 

+150 µm 86 88 90 89 81 81 96 89 95 88.3 

+300µm 10 12 13 12 9 10 20 8 28 13.6 

+425 µm 3 4 5 5 3 4 5 2 4 3.9 

+600 µm 1 1 1 2 1 2 2 1 2 1.4 

+1180 µm <1 1 <1 1 <1 1 1 <1 <1 N/A 

% Fines, Sand and Gravel  

Sediment 
Classification  V1 V2 V3 S1 S2 S3 S4 S5 S6 Mean  

Fines (<75 µm) <1 1 1 2 3 2 1 2 2 1.6 

Sand (75 µm –     
2 mm) 

100 99 99 98 97 98 99 98 98 98.4 

Gravel (>2 mm)       <1 <1 <1 <1 <1 <1 <1 <1 <1 N/A  

Note that S7 was omitted from Table 3-3 as this site was not characteristic of the scuttling site. 
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METALS 

Metal concentrations (mg/kg dry weight) from sediment samples collected along the proposed centre 
line of the scuttled vessel (sites V1 – V3) are provided in Table 3-4.  To assist with interpretation of 
the results the following have also been provided in Table 3-4.  

• PQL: which is the Practical Quantitation Limit for each metal species; 

• ANZECC ISQG-(Low): which is the ANZECC/ARMCANZ (2000a) Interim Sediment Quality 
Guideline (low risk value); and 

• ANZECC ISQG-(High): which is the ANZECC/ARMCANZ (2000a) Interim Sediment Quality 
Guideline (high risk value). 

• Data for MacMasters Beach which is located close by (Matthai et al. 2002).  

It is noted that the ANZECC/ARMCANZ (2000a) Interim Sediment Quality Guidelines (ISQG) have 
been used in marine sediment assessments in numerous State and National documents. The levels 
still remain in the current dredging guidelines, the National Assessment Guidelines for Dredging 
(NAGD, Commonwealth of Australia, 2009).  The ANZECC (2000) sediment quality guidelines provide 
low and high interim sediment quality guideline (ISQG) trigger values.  Where the concentration of a 
contaminant is below the ISQG Low Trigger Value, it is unlikely that there would be any adverse 
impact on organisms inhabiting that sediment.  The ISQG-Low has been adopted as the screening 
level for contaminants in the NAGD. 

NAGD primarily applies to environmental impact assessment and permitting of the ocean disposal of 
dredged material.  However, it also provides guidance on sampling and analysis to assist in 
characterising ambient baseline conditions at disposal sites.  Accordingly, a range of common metals 
and metalloids were analysed at the proposed scuttling site to provide information on existing 
conditions and as a reference for future monitoring of potential contamination from those metals 
associated with corrosion of the ship over time.  
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Table 3-4 Metals/metalloid concentrations (mg/kg dry wt).  

Metal  PQL ANZECC   
ISQG-
Low 

ANZECC   
ISQG-
High 

V1 V2 V3 Mean Avoca 
Beach       

(July 2009) 

Mean 
MacMasters 
Beach (1995) 

Aluminium 200 - - 1180 1170 1200 1183 - 

Iron 100 - - 10300 8510 10000 9603 10430 

Antimony 0.5 2 25 <0.50 <0.50 <0.50 N/A  - 

Arsenic 1.0 20 70 11.8 10.1 11.5 11.1 - 

Cadmium 0.1 1.5 10 <0.1 <0.1 <0.1 N/A - 

Chromium 1.0 80 370 8 6.8 7.9 7.6 25 

Copper 1.0 65 270 1.6 1.2 1.4 1.4 6.0 

Cobalt 0.5 - - 2 1.6 1.8 1.8 3.2 

Lead 1.0 50 220 3.7 3.1 3.6 3.5 11.2 

Manganese 10 - - 86 74 78 79 54 

Nickel 1.0 21 52 2.8 2.2 2.6 2.5 14.2 

Selenium 0.1 - - 0.2 0.3 0.2 0.23 - 

Silver 0.1 1 3.7 <0.1 0.2 <0.1 N/A  0.1 

Vanadium 2.0 - - 17.1 14.5 16.8 16.1 - 

Zinc 1.0 200 410 12.2 8 10.4 10.2 32 

Mercury 0.01 0.15 1.0 <0.01 <0.01 <0.01 N/A - 

In the case of metals where interim sediment quality guidelines have been established, the results for 
Antimony, Cadmium and Mercury were below the relevant PQL and Silver was either below or close 
to the PQL at the scuttling site.  Arsenic, Chromium, Copper, Lead, Nickel and Zinc were all lower 
than their respective ANZECC/ARMCANZ ISQG-low values.   
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ANZECC/ARMCANZ sediment quality guidelines have not been set for Aluminium, Iron, Cobalt, 
Manganese, Selenium and Vanadium.  Cobalt and Selenium were recorded at slightly higher 
concentrations than the applicable PQL, Manganese and Vanadium concentrations were very low, 
Aluminium was around an order of magnitude higher than the PQL, with Iron approximately two 
orders of magnitude above the PQL.  

Data for MacMasters Beach (one of six sampling sites off the Sydney basin, Matthai et al. 2002) has 
been provided as a comparison (particularly for metals where no guidelines have been established).  
It relates to trace metal concentrations in bulk sediment (0 - 10 cm depth) from eight cores in water 
depths of around 80 m (middle shelf) from a reference site (i.e. representative of natural background 
conditions) off MacMasters Beach (latitude 33o30’ south) to the south of Avoca Beach.  

Note that middle shelf sediments (60 to 120 m water depths) are typically mud to muddy sands (15-
30% mud at the MacMasters Beach sampling site) compared to inner shelf sediments which are 
typically sandy sediments (less than 2% mud) (Matthai et al. 2002) (mean of 1.6% fines for the 
scuttling site, as indicated in Table 3-3).  Note also that heavy metals are associated with the fine 
fraction as was apparent in Matthai et al. 2002, where concentrations of copper, iron, manganese and 
nickel were found to increase in proportion to the mud content at all sampling sites.  As shown in 
Table 3-4, concentrations for iron, cobalt and manganese (metals for which guidelines have not been 
established) were the same order of magnitude at the scuttling site and off MacMasters Beach. 
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Table 3-5 Field Quality Assurance for metal/metalloid concentrations.  

Analytical Parameter Units Detection level V3 QA RPD (%) 

Moisture Content (dried at 103°C) % 1.0 22.9 21.9 4 

Metals      

Aluminium mg/kg 50 1200 1200 0 

Iron mg/kg 50 10000 10000 0 

Antimony mg/kg 0.5 <0.50 <0.50 0 

Arsenic mg/kg 1.0 11.5 11.4 0.9 

Cadmium mg/kg 0.1 <0.1 <0.1 0 

Chromium mg/kg 1.0 7.9 8 1.3 

Copper mg/kg 1.0 1.4 1.5 6.9 

Cobalt mg/kg 0.5 1.8 1.8 0 

Lead mg/kg 1.0 3.6 3.6 0 

Manganese mg/kg 10 78 83 6.2 

Nickel mg/kg 1.0 2.6 2.6 0 

Selenium mg/kg 0.1 0.2 0.1 66.7 

Silver mg/kg 0.1 <0.1 <0.1 0 

Vanadium mg/kg 2.0 16.8 16.7 0.6 

Zinc mg/kg 1.0 10.4 10.5 1.0 

Mercury mg/kg 0 <0.01 <0.01 0 

Quantitative indicators of Quality Assurance (QA) for comparison of duplicate field samples commonly 
involve calculation of Relative Percent Difference (RPD).  The designated RPD of ±50% was 
exceeded only for selenium (Table 3-5), which was at the PQL for two samples and just above the 
PQL limit for the other sample.  Accordingly, this statistical exceedance is a consequence of the very 
low selenium values from which the RPD was derived, and hence can be discounted. 

3.3.2 Water Quality 

Vertical profiles of temperature (°C), pH, conductivity (µS/cm) and turbidity (NTU) were recorded at 
three sites and are summarised in Table 3-7.  Table 3-7 provides the average water quality measures 
for each depth.  Profiles were relatively consistent as shown by the values in and Figure 3.4 to 3-7.  
The results of monitoring demonstrate typical oceanic water quality. 
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Table 3-6  Water quality data. 
 

Site 
 

Depth (m) 
 

Water Temperature (°C) 
 

pH 
 

Conductivity 
(µS/cm) 

 

Turbidity 
(NTU) 

 

V2 1 16.91 8.02 54218 1.8 
 5 16.88 8.02 54242 0.7 
 10 16.83 8.02 54266 0.6 
 15 16.80 8.02 53930 0.7 
 20 16.76 8.01 54039 0.7 
 25 16.75 8.01 54305 0.6 

 
30 

 
16.74 

 
8.01 

 
54126 

 
0.6 

 

range  0.17 0.01 266 1.20 
 

S6 1 16.87 8.03 54091 0.9 
 5    16.08 ** 8.03 54014 0.6 
 10 16.86 8.02 54099 0.6 
 15 16.80 8.02 54104 0.7 
 20 16.79 8.02 54112 0.6 
 25 16.78 8.02 54336 0.6                 

 
30 

 
16.77 

 
8.02 

 
54336 

 
0.6 

 

range  0.79 0.01 322 0.30 
 

R5 1 16.87 8.02 54274 1.2 
 5 16.87 8.02 54266 0.6 
 10 16.86 8.02 54131 0.6 
 15 16.80 8.02 54119 0.6 
 20 16.78 8.03 54216 0.6 
 25 16.76 8.02 54109 0.7 

 
30 

 
16.74 

 
8.02 

 
54131 

 
0.6 

 
range 

  
0.13 

 
0.01 

 
165 

 
0.6 

 

** This outlying value may have been a result of an error in reading off, or recording the water 
temperature in this location and so has been excluded from the plot of water temperature shown in 
Figure  3-4.  
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Table 3-7  Average water quality measurements at a range of depths. 
 

Depth (m) 
 

Temperature (°C) 
 

pH 
 

Conductivity 
(µS/cm) 

Turbidity 
(NTU) 

1 16.88 8.02 54194 1.0 

5 16.61 8.02 54174 0.6 

10 16.85 8.02 54165 0.6 

15 16.80 8.02 54051 0.7 

20 16.78 8.02 54122 0.6 

25 16.76 8.02 54250 0.6 

 
30 16.75 8.02 54198 0.6 

Mean 16.77 8.02 54165 0.7 
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WATER TEMPERATURE 

Water temperature profiles (Figure  3-4) showed limited variability and generally varied by less than 
0.2 °C at each site from the sea surface to a depth of 30 m.  Although slight, there was a general 
trend for a decrease in water temperature with increased depth.  There was also minimal difference 
between the results recorded at each location.  
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Figure  3-4 Vertical profiles of water temperature (˚C) at each of the three sampling sites  
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PH 

The pH profile (Figure  3-5) showed almost no change from surface waters to depths of 30 m, 
remaining within the range 8.01 – 8.03 at all sites.  The pH levels recorded were within the 
ANZECC/ARMCANZ (2000a) water quality guideline range for marine waters of south-eastern 
Australia, i.e. 8.0 to 8.4.  
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Figure  3-5 Vertical profiles of pH at the three sites sampled. 
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CONDUCTIVITY 

Vertical profiles for conductivity are shown in Figure  3-6.  Readings are consistent with mean 
seawater conductivity of about 54,000 µS/cm, with any variation being less than 1% and within probe 
error tolerances.  No consistent trend in conductivity change with depth was evident from the data. 
Variability at a site was greatest at S6 (322 µS/cm) and least at R5 (165 µS/cm). 
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Figure  3-6 Vertical profiles of conductivity at each sampling site. 
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TURBIDITY 

Vertical profiles for turbidity are shown in Figure  3-7 Profiles were similar at the three sampling sites 
and reflected relatively clear oceanic water.  Turbidity levels at all sites were highest at the surface 
and reasonably consistent within and between sites at depths from 5 to 30 m.  However, the 
difference between surface readings and those at depth (1 NTU or less) was negligible.  Site V2 had 
the highest surface turbidity level of 1.8 NTU which was twice the surface level recorded at site R5.  
Turbidity levels were consistent with ANZECC/ARMCANZ (2000a) water quality guidelines for marine 
waters which specify a range of 0.5 NTU to 10 NTU.    
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Figure  3-7 Vertical profiles of turbidity at the three sampling sites. 
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4. SUMMARY OF SITE CHARACTERISTICS 

4.1 Marine Ecology 

MARINE BENTHOS 

Bioturbation was evident at a few sites.  However, with the exception of some fish (i.e. flathead) and 
rays (both of which are able to relocate) benthic macrofauna at the proposed scuttling site are limited 
in diversity, typical of open-sandy benthic communities.  The area of seabed likely to be directly 
impacted by the proposed scuttling (i.e. around 1970 m2 based on the length of the ship multiplied by 
the width of the beam) is negligible compared with the extent of surrounding seabed with similar 
characteristics, see Section 4.2.2. Any impact on benthos at the site during scuttling would be highly 
localised. 

The closest rocky reef habitats to the proposed scuttling site occur approximately 340 m to the north 
and north-west (measured from the nearest point of the vessel, not the central point).  Sponges, 
macroalgae and fish were the most common and visually evident components of the local reef-
associated assemblage. 

The submerged vessel structure will provide hard substrates, hydrodynamic complexities and light 
variations for development of epibenthic communities.  Over time the biomass and diversity of these 
epibenthic assemblages are expected to increase leading to an increased abundance of pelagic 
organisms that will utilise the diversity of habitats provided by the fouled superstructure.  The rates 
and character of such community establishment and development have been documented for those 
decommissioned naval vessels previously scuttled in Australian nearshore coastal waters (Cardno 
2009).  The question as to whether such ‘artificial reefs’ result in an increased abundance of local fish 
resources or merely serve to concentrate those that would normally occupy the broader area is a 
moot point.  However, the fact remains that with time the submerged structure will develop a series of 
diverse biotic assemblages over an area of seabed and within the overlying water column in which 
there had previously been a comparatively depauperate biological community.  These newly 
established communities could also be expected to make a positive contribution to the composition 
and biomass of nearby ‘natural’ reef communities. 

THREATENED AND PROTECTED SPECIES 

Threatened or protected marine species scheduled under the Fisheries Management (FM) Act, 
Threatened Species Conservation (TSC) Act, National Parks and Wildlife (NP&W) Act and the 
Environment Protection and Biodiversity Conservation (EPBC) Act which have the potential to occur 
in the study area are listed in Table 4-1.  The likelihood of the project impacting on these species is 
indicated in column 5.  
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Table 4-1 threatened/protected species & populations potentially occurring in the study area. 

Scheduled Species Common Name Status under TSC / 
FM / NP&W Acts 

Status under 
EPBC Act 

Relevance to 
proposal 

Marine Reptiles 

Caretta caretta Loggerhead turtle  E E, M, L Mod 

Chelonia mydas Green turtle  V V, M, L Mod 

Dermochelys coriacea Leathery turtle  V V, M, L Mod 

Eretmochelys imbricata Hawksbill turtle * V V, M, L Mod 

Pelamis platurus Yellow-bellied sea snake  L Low 

Marine Mammals 

Eubalaena australis Southern right whale  V E, M Low 

Megaptera novaeangliae Humpback whale  V V, M Low 

Arctocephalus pusillus 
doriferus 

Australian fur-seal  V L Low 

Arctocephalus forsteri New Zealand fur-seal V L Low 

Hydrurga leptonyz Leopard seal P L Low 

Balaenoptera 
acutorostrata 

Dwarf minke whale P M Low 

Dugong dugon Dugong E M Neg 

Balaenoptera edeni Bryde’s whale P M Low 

Caperea marginata Pygmy right whale P M Low 

Orcinus orca Killer whale P M Low 

Lagenarhynchus obscurus Dusky dolphin P M Low 

Delphinus delphis Common dolphin P Cet Low 

Grampus griseus Risso’s dolphin, Grampus P Cet Low 

Stenella attenuata Spotted dolphin, 
Pantropical spotted 

P Cet Low 
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Tursiops aduncus Indian Ocean Bottlenose 
dolphin 

P Cet Low 

Tursiops truncates s. str. Bottlenose dolphin P Cet Low 

Fish 

East coast population of 
Carcharias Taurus 

Grey nurse Shark E CE Mod 

Carcaradon carcharias Great white shark V V, M Low 

Pristis zijsron Green sawfish E V Neg 

Rhincodon typus Whale shark  V, M Neg 

Epinephelus daemelii Black cod V  Mod 

Epinephelus coioides Estuary cod P  Mod 

Epinephelus lanceolatus Queensland groper P  Mod 

Anampses elegans Elegant wrasse P  Mod 

Paraplesiops bleekeri Eastern blue devil P  Mod 

Chaetodontoplus ballinae Ballina angelfish P  Mod 

Epinephelus lanceolatus Seadragons and pipefish P (21 spp.) L (21 spp.) Mod 

Birds 

 Marine Birds V (10 spp.), P (31 spp.), 
E (2 spp.) 

V (9), E (1), M 
(19), L (27) 

Neg 

* CE = critically endangered, E = endangered, V = vulnerable. M = migratory, L = listed, Cet = cetacean and P = 
protected. Relevance to the scuttling of the Ex-HMAS ADELAIDE is indicated by High, Mod (Moderate), Low or 
Neg (negligible). (*) Species observed during the site inspection (5th April 08). 

The potential impact of the scuttling of the Ex-HMAS ADELAIDE on each of the threatened species or 
populations, with the exception of species with a negligible relevance to the proposal was assessed 
using the “Assessment of Significance”, under Part 5A of the EP&A Act.  
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Specific Assessments of Significance for the following threatened species listed under the FM Act and 
TSC Act (see Appendix 2 of Cardno Ecology Lab, Flora and Fauna Studies 2009) were undertaken:    

• East Coast population of Grey Nurse Sharks 

• Black Cod 

• Southern Right Whale 

• Humpback Whale 

• Australian Fur Seal 

• New Zealand Fur Seal 

• Great White Shark 

Generic “Assessments of Significance” were undertaken for the following threatened species listed 
under the FM Act and TSC Act (see Appendix 2 of Cardno Ecology Lab, Flora and Fauna Studies 
2009): 

• Listed Marine Turtles 

Assessments under EPBC Act “Significant Impact Guidelines” were undertaken for the following (see 
Appendix 2 of Cardno Ecology Lab, Flora and Fauna Studies 2009): 

• Loggerhead Turtle 

• Green, Leathery and Hawksbill Turtles 

• East Coast population of Grey Nurse Shark 

• Humpback Whale  

• Southern Right Whale 

• Great White Shark 

• Dusky Dolphin 

• Dwarf Minke Whale 

• Brydes Whale 

• Pygmy Right Whale  

• Killer Whale 

Assessments of individual and generic (group) concluded that the proposal is unlikely to affect the 
listed threatened species of fish, marine mammals or marine reptiles that potentially occur in, or 
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around, the study area.  Hence, there is no need to prepare a Species Impact Statement (SIS) under 
state legislation or refer the proposal to the Federal Minister for the Environment for further 
consideration and approval.  In addition, the proposal would provide new foraging and sheltering 
habitat for threatened species of fish, marine reptiles and seals.  

However, threatened species encroaching upon the area when the Vessel is scuttled have the 
potential to be injured when cutting charges are used to blow additional holes in the hull.  Pre-
scuttling aerial surveillance of local waters for cetaceans and large marine animals would assist in 
reducing the potential for impacts, significant or otherwise, to any locally occurring threatened and 
protected species during the scuttling process.   

4.2 Physical and Chemical Characteristics 

The surface sediments at the sites adjacent to the proposed scuttling site consisted almost entirely of 
fine sands.  

4.2.1 Sediment Contaminants 

The concentrations of all metals/metalloids indicate that the sediments at the proposed scuttling 
location are “uncontaminated”.  Where they have been established, they were lower at each site than 
their respective ANZECC/ARMCANZ ISQG-low values,  

Although sacrificial anodes would be employed, over time it is expected that the scuttled vessel’s 
surfaces will start to degrade.  Corrosion will occur and, in concert with development and senescence 
of epibenthic communities, will result in the deposition of organic material and corroded metal 
fragments around the margins of the wreck.  Deposition of organic material around the vessel’s 
margins is expected to cause a slight increase in the diversity and abundance of the local 
sedimentary infauna, whilst the expected slow rate of vessel degradation is unlikely to cause 
appreciable changes to sediment chemistry, particularly with respect to metal contaminants. 

4.2.2 Physical Characteristics 

Physical characterisation of the proposed scuttling site and surrounding areas determined they were 
largely consistent with those of previous investigations reported by Douglas Partners (2008) and TEL 
(2008).  On the basis of towed-video results, sediment characterisations and previous side-scan 
sonar and seismic reflection surveys, the proposed scuttling site is comprised exclusively of fine 
sands overlying deeper bedrock.  There are no readily discernible reef outcrops or other structures 
that might affect the seating and settlement of the vessel.  Seismic reflection study results were 
confirmed by depth readings during the towed-video survey, and those recorded during the sediment 
grab sampling from sites V1, V2 and V3, confirming limited bathymetric variability across the area of 
seabed on which it is proposed the vessel will rest. 
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Based on the Douglas Partners (2008) seismic reflection results, the closest point where 3 m 
sediment depth over bedrock occurs (minimum desirable is 2 – 3 m for settling) is at least 160 m from 
the proposed scuttling location. This provides a substantial margin for error during positioning of the 
vessel for scuttling (e.g. more than the length of the vessel which is 138.1 m).  It is noted that the ex-
HMAS Brisbane was at the most 30 m out from its proposed scuttling position.  It is understood that 
the ex-HMAS Canberra was in the correct position when detonated, however, surveys have not yet 
been undertaken to determine the final resting place of the vessel in relation to the proposed scuttling 
position (Brett Davis, Birdon Group, personal communication, 13th October 2009).  

4.2.3 Water Quality 

Water quality in the Bulbararing Bay study area, offshore from Avoca Beach, on the day of sampling 
was characteristic of good quality coastal waters.  The water temperature of almost 17oC varied little 
with depth indicating well-mixed conditions.  Additionally, there was limited thermal variation between 
sites.  Measured water quality values and the limited intra- and inter-site variation in pH and, to a 
lesser extent, conductivity and turbidity, in concert provide evidence of good quality and well-mixed 
coastal waters at the proposed scuttling site. 

While dissolved oxygen could not be measured due to probe malfunction, it is anticipated to also 
reflect good quality, well mixed oceanic/coastal water. 
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5. CONCLUSIONS 

The proposed location for scuttling of the Ex-HMAS ADELAIDE is in Bulbararing Bay, about 1.87 km 
offshore from Avoca Beach, on the Central Coast of New South Wales.  It is intended that the vessel 
be scuttled with the bow pointing to the south-east, centred on the longitude 151°27.382’E (356,554.8 
m MGA 94) and latitude 33°27.910’S (6,296,077.0 m MGA 94).  Water depths at the proposed 
scuttling site, from the seabed to water surface at the lowest astronomical tide, are conservatively    
32 m.  

The seabed at the proposed scuttling site is reasonably flat and consists of slightly rippled, fine sand 
overlying bedrock.  The sediments are uncontaminated with respect to metal toxicants.  When 
compared to the metal/metalloid concentrations in sediments from a site in waters of 80 m off nearby 
MacMasters Beach (Matthai et al. 2002), concentrations were generally of the same order of 
magnitude to those at the scuttling site, indicating that the site is representative of natural background 
conditions.  

Available evidence indicates a depauperate epibenthic community typical of an open coastal marine 
environment.  Good quality and well-mixed oceanic/coastal waters are evident. 

Vessel preparation prior to scuttling includes removal of all hazardous materials, potentially 
dangerous structures and debris and the creation of easy diver access.  The process associated with 
scuttling should minimise potential impacts on threatened or migratory marine mammals previously 
recorded in the broader area.  The area of soft sediment seabed that would be covered by the 
scuttled vessel is small.  It is expected that the loss of existing limited benthic productivity over the 
area on which the vessel will rest will be more than compensated by the development, over time, of 
diverse epibenthic communities over the vessel structure.  It is also expected that the vessel and 
attached epibenthos will serve to attract fish and other pelagic organisms to the area and will also 
contribute to the development of nearby reef communities. 

Over time it is expected that there will be some deterioration of the vessel’s surfaces, but this process 
will be gradual and is expected to result in no measurable alteration to water quality in the vicinity of 
the vessel.  Tidal and other hydrodynamic processes will act to maintain ambient water quality 
characteristics within, adjacent to and in local waters more remote from the vessel structure.  The 
expected slow rate of vessel degradation is also unlikely to cause appreciable changes to sediment 
chemistry, particularly with respect to metal contaminants. 

This document provides a baseline assessment of the ecological, sediment and water quality 
conditions in the vicinity of the proposed scuttling site.  Future studies associated with the Long Term 
Management Plan will be used to examine changes in marine communities over time, as well as any 
changes in water and sediment quality.  
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Appendix 1 – Laboratory Sediment Analysis Results  
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EA055: Moisture Content

23.020.7 22.9 ---- ----%1.0----^ Moisture Content (dried @ 103°C)

EA150: Soil Classification based on Particle Size

1<1 1 2 3%1----Fines (<75 µm)

99100 99 98 97%1----Sand (>75 µm)

<1<1 <1 <1 <1%1----Gravel (>2mm)

<1<1 <1 <1 <1%1----Cobbles (>6cm)

EG005-SD: Total Metals in Sediments by ICP-AES

11701180 1200 ---- ----mg/kg507429-90-5Aluminium

851010300 10000 ---- ----mg/kg507439-89-6Iron

EG020-SD: Total Metals in Sediments by ICPMS
<0.50<0.50 <0.50 ---- ----mg/kg0.507440-36-0Antimony

10.111.8 11.5 ---- ----mg/kg1.007440-38-2Arsenic

<0.1<0.1 <0.1 ---- ----mg/kg0.17440-43-9Cadmium

6.88.0 7.9 ---- ----mg/kg1.07440-47-3Chromium

1.21.6 1.4 ---- ----mg/kg1.07440-50-8Copper

1.62.0 1.8 ---- ----mg/kg0.57440-48-4Cobalt

3.13.7 3.6 ---- ----mg/kg1.07439-92-1Lead

7486 78 ---- ----mg/kg107439-96-5Manganese

2.22.8 2.6 ---- ----mg/kg1.07440-02-0Nickel

0.30.2 0.2 ---- ----mg/kg0.17782-49-2Selenium

0.2<0.1 <0.1 ---- ----mg/kg0.17440-22-4Silver

14.517.1 16.8 ---- ----mg/kg2.07440-62-2Vanadium

8.012.2 10.4 ---- ----mg/kg1.07440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
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Analytical Results

S2S1V3V2V1Client sample IDSub-Matrix: SOIL

21-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:00Client sampling date / time

ES0910698-005ES0910698-004ES0910698-003ES0910698-002ES0910698-001UnitLORCAS NumberCompound

EG035T:  Total Recoverable Mercury by FIMS - Continued

<0.01<0.01 <0.01 ---- ----mg/kg0.017439-97-6Mercury
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Analytical Results

S7S6S5S4S3Client sample IDSub-Matrix: SOIL

21-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:0021-JUL-2009 15:00Client sampling date / time

ES0910698-010ES0910698-009ES0910698-008ES0910698-007ES0910698-006UnitLORCAS NumberCompound

EA150: Particle Sizing

9998 98 98 96%1----+75µm

9681 89 95 95%1----+150µm

2010 8 28 84%1----+300µm

54 2 4 58%1----+425µm

22 1 2 48%1----+600µm

11 <1 <1 30%1----+1180µm

<1<1 <1 <1 16%1----+2.36mm

<1<1 <1 <1 11%1----+4.75mm

<1<1 <1 <1 6%1----+9.5mm

<1<1 <1 <1 2%1----+19.0mm

<1<1 <1 <1 <1%1----+37.5mm

<1<1 <1 <1 <1%1----+75.0mm

EA150: Soil Classification based on Particle Size

12 2 2 4%1----Fines (<75 µm)

9998 98 98 80%1----Sand (>75 µm)

<1<1 <1 <1 16%1----Gravel (>2mm)

<1<1 <1 <1 <1%1----Cobbles (>6cm)
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Analytical Results

----------------QAClient sample IDSub-Matrix: SOIL

----------------21-JUL-2009 15:00Client sampling date / time

----------------ES0910698-011UnitLORCAS NumberCompound

EA150: Particle Sizing
----98 ---- ---- ----%1----+75µm

----89 ---- ---- ----%1----+150µm

----13 ---- ---- ----%1----+300µm

----5 ---- ---- ----%1----+425µm

----2 ---- ---- ----%1----+600µm

----<1 ---- ---- ----%1----+1180µm

----<1 ---- ---- ----%1----+2.36mm

----<1 ---- ---- ----%1----+4.75mm

----<1 ---- ---- ----%1----+9.5mm

----<1 ---- ---- ----%1----+19.0mm

----<1 ---- ---- ----%1----+37.5mm

----<1 ---- ---- ----%1----+75.0mm

EA055: Moisture Content
----21.9 ---- ---- ----%1.0----^ Moisture Content (dried @ 103°C)

EA150: Soil Classification based on Particle Size
----2 ---- ---- ----%1----Fines (<75 µm)

----98 ---- ---- ----%1----Sand (>75 µm)

----<1 ---- ---- ----%1----Gravel (>2mm)

----<1 ---- ---- ----%1----Cobbles (>6cm)

EG005-SD: Total Metals in Sediments by ICP-AES
----1200 ---- ---- ----mg/kg507429-90-5Aluminium

----10000 ---- ---- ----mg/kg507439-89-6Iron

EG020-SD: Total Metals in Sediments by ICPMS
----<0.50 ---- ---- ----mg/kg0.507440-36-0Antimony

----11.4 ---- ---- ----mg/kg1.007440-38-2Arsenic

----<0.1 ---- ---- ----mg/kg0.17440-43-9Cadmium

----8.0 ---- ---- ----mg/kg1.07440-47-3Chromium

----1.5 ---- ---- ----mg/kg1.07440-50-8Copper

----1.8 ---- ---- ----mg/kg0.57440-48-4Cobalt

----3.6 ---- ---- ----mg/kg1.07439-92-1Lead

----83 ---- ---- ----mg/kg107439-96-5Manganese

----2.6 ---- ---- ----mg/kg1.07440-02-0Nickel

----0.1 ---- ---- ----mg/kg0.17782-49-2Selenium

----<0.1 ---- ---- ----mg/kg0.17440-22-4Silver

----16.7 ---- ---- ----mg/kg2.07440-62-2Vanadium

----10.5 ---- ---- ----mg/kg1.07440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
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Analytical Results

----------------QAClient sample IDSub-Matrix: SOIL

----------------21-JUL-2009 15:00Client sampling date / time

----------------ES0910698-011UnitLORCAS NumberCompound

EG035T:  Total Recoverable Mercury by FIMS - Continued

----<0.01 ---- ---- ----mg/kg0.017439-97-6Mercury
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QUALITY CONTROL REPORT

Work Order : ES0910698 Page : 1 of 5

:: LaboratoryClient Environmental Division SydneyWORLEY PARSONS - INFRASTRUCTURE MWE

: :ContactContact MR HARRY HOURIDIS Charlie Pierce

:: AddressAddress LEVEL 12, 333 COLLINS STREET

MELBOURNE VIC, AUSTRALIA 3000

277-289 Woodpark Road Smithfield NSW Australia 2164

:: E-mailE-mail harry.houridis@worleyparsons.com charlie.pierce@alsenviro.com

:: TelephoneTelephone +61 03 0412 969 630 +61-2-8784 8555

:: FacsimileFacsimile +61 03 86763770 +61-2-8784 8500

:Project 301017-00077 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

Site : ----

:C-O-C number ---- Date Samples Received : 22-JUL-2009

Sampler : K NEWTON Issue Date : 30-JUL-2009

:Order number ----

11:No. of samples received

Quote number : EN/034/09 11:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

NATA Accredited Laboratory 825

 

This document is issued in 

accordance with NATA 

accreditation requirements.

Accredited for compliance with 

ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been 

carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Celine Conceicao Spectroscopist Inorganics

Dianne Blane Newcastle

Hoa Nguyen Inorganic Chemist Inorganics

Environmental Division Sydney

277-289 Woodpark Road Smithfield NSW Australia 2164

Tel. +61-2-8784 8555  Fax. +61-2-8784 8500  www.alsglobal.com
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :
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Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR:- 

No Limit; Result between 10 and 20 times LOR:- 0% - 50%; Result > 20 times LOR:- 0% - 20%.

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA055: Moisture Content  (QC Lot: 1053696)

EA055-103: Moisture Content (dried @ 103°C) ---- 1.0 % 20.7 19.2 7.3 0% - 50%V1ES0910698-001

EA055-103: Moisture Content (dried @ 103°C) ---- 1.0 % 41.6 43.8 5.1 0% - 20%AnonymousES0911043-006

EG005-SD: Total Metals in Sediments by ICP-AES  (QC Lot: 1050508)

EG005-SD: Aluminium 7429-90-5 50 mg/kg 1180 1180 0.0 0% - 20%V1ES0910698-001

EG005-SD: Iron 7439-89-6 50 mg/kg 10300 9820 4.7 0% - 20%

EG020-SD: Total Metals in Sediments by ICPMS  (QC Lot: 1050507)

EG020-SD: Cadmium 7440-43-9 0.1 mg/kg <0.1 <0.1 0.0 No LimitV1ES0910698-001

EG020-SD: Selenium 7782-49-2 0.1 mg/kg 0.2 0.2 0.0 No Limit

EG020-SD: Silver 7440-22-4 0.1 mg/kg <0.1 <0.1 0.0 No Limit

EG020-SD: Cobalt 7440-48-4 0.5 mg/kg 2.0 1.8 10.5 No Limit

EG020-SD: Antimony 7440-36-0 0.50 mg/kg <0.50 <0.50 0.0 No Limit

EG020-SD: Chromium 7440-47-3 1.0 mg/kg 8.0 7.2 10.4 No Limit

EG020-SD: Copper 7440-50-8 1.0 mg/kg 1.6 1.3 20.9 No Limit

EG020-SD: Lead 7439-92-1 1.0 mg/kg 3.7 3.1 15.8 No Limit

EG020-SD: Nickel 7440-02-0 1.0 mg/kg 2.8 2.3 17.1 No Limit

EG020-SD: Zinc 7440-66-6 1.0 mg/kg 12.2 9.7 22.9 No Limit

EG020-SD: Arsenic 7440-38-2 1.00 mg/kg 11.8 11.1 6.0 0% - 50%

EG020-SD: Manganese 7439-96-5 10 mg/kg 86 74 15.9 No Limit

EG020-SD: Vanadium 7440-62-2 2.0 mg/kg 17.1 15.4 10.5 No Limit

EG035T:  Total Recoverable Mercury by FIMS  (QC Lot: 1050506)

EG035T-LL: Mercury 7439-97-6 0.01 mg/kg <0.01 <0.01 0.0 No LimitV1ES0910698-001
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Sample (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EG005-SD: Total Metals in Sediments by ICP-AES  (QCLot: 1050508)

EG005-SD: Aluminium 7429-90-5 50 mg/kg <50 -------- --------

EG005-SD: Iron 7439-89-6 50 mg/kg <50 -------- --------

EG020-SD: Total Metals in Sediments by ICPMS  (QCLot: 1050507)

EG020-SD: Antimony 7440-36-0 0.5 mg/kg <0.50 -------- --------

EG020-SD: Arsenic 7440-38-2 1.0 mg/kg <1.00 11913.1 mg/kg 13070

EG020-SD: Cadmium 7440-43-9 0.1 mg/kg <0.1 1062.76 mg/kg 13070

EG020-SD: Chromium 7440-47-3 1.0 mg/kg <1.0 12460.9 mg/kg 13070

EG020-SD: Copper 7440-50-8 1.0 mg/kg <1.0 11454.7 mg/kg 13070

EG020-SD: Cobalt 7440-48-4 10 mg/kg <10.0 12124.5 mg/kg 13070

EG020-SD: Lead 7439-92-1 1.0 mg/kg <1.0 11054.8 mg/kg 13070

EG020-SD: Manganese 7439-96-5 10 mg/kg <10 123136 mg/kg 13070

EG020-SD: Nickel 7440-02-0 1.0 mg/kg <1.0 12055.2 mg/kg 13070

EG020-SD: Selenium 7782-49-2 0.1 mg/kg <0.1 -------- --------

EG020-SD: Silver 7440-22-4 0.1 mg/kg <0.1 1305.6 mg/kg 13070

EG020-SD: Vanadium 7440-62-2 2 mg/kg <2.0 12134 mg/kg 13070

EG020-SD: Zinc 7440-66-6 1.0 mg/kg <1.0 108104 mg/kg 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1050506)

EG035T-LL: Mercury 7439-97-6 0.01 mg/kg <0.01 79.80.090 mg/kg 12674.2
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Matrix Spike (MS) Report

The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on analyte 

recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

Sub-Matrix: SOIL Matrix Spike (MS) Report

Spike Recovery (%) Recovery Limits (%)Spike 

HighLowMSConcentrationLaboratory sample ID Client sample ID Method: Compound CAS Number

EG020-SD: Total Metals in Sediments by ICPMS  (QCLot: 1050507)

V2ES0910698-002 7440-38-2EG020-SD: Arsenic 98.350 mg/kg 13070

7440-43-9EG020-SD: Cadmium 92.950 mg/kg 13070

7440-47-3EG020-SD: Chromium 11650 mg/kg 13070

7440-50-8EG020-SD: Copper 98.1250 mg/kg 13070

7439-92-1EG020-SD: Lead 95.3250 mg/kg 13070

7440-02-0EG020-SD: Nickel 10550 mg/kg 13070

7440-66-6EG020-SD: Zinc 89.8250 mg/kg 13070

EG035T:  Total Recoverable Mercury by FIMS  (QCLot: 1050506)

V1ES0910698-001 7439-97-6EG035T-LL: Mercury 79.90.50 mg/kg 13070
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INTERPRETIVE QUALITY CONTROL REPORT

Work Order : ES0910698 Page : 1 of 6

:: LaboratoryClient Environmental Division SydneyWORLEY PARSONS - INFRASTRUCTURE MWE

: :ContactContact MR HARRY HOURIDIS Charlie Pierce

:: AddressAddress LEVEL 12, 333 COLLINS STREET

MELBOURNE VIC, AUSTRALIA 3000

277-289 Woodpark Road Smithfield NSW Australia 2164

:: E-mailE-mail harry.houridis@worleyparsons.com charlie.pierce@alsenviro.com

:: TelephoneTelephone +61 03 0412 969 630 +61-2-8784 8555

:: FacsimileFacsimile +61 03 86763770 +61-2-8784 8500

:Project 301017-00077 QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

Site : ----

:C-O-C number ---- Date Samples Received : 22-JUL-2009

K NEWTON:Sampler Issue Date : 30-JUL-2009

:Order number ----

No. of samples received : 11

Quote number : EN/034/09 No. of samples analysed : 11

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for release.

This Interpretive Quality Control Report contains the following information:

l Analysis Holding Time Compliance

l Quality Control Parameter Frequency Compliance

l Brief Method Summaries

l Summary of Outliers

Environmental Division Sydney

277-289 Woodpark Road Smithfield NSW Australia 2164

Tel. +61-2-8784 8555  Fax. +61-2-8784 8500  www.alsglobal.com
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Analysis Holding Time Compliance

The following report summarises extraction / preparation and analysis times and compares with recommended holding times. Dates reported represent first date of extraction or analysis and precludes subsequent 

dilutions and reruns. Information is also provided re the sample container (preservative) from which the analysis aliquot was taken. Elapsed period to analysis represents number of days from sampling where no 

extraction / digestion is involved or period from extraction / digestion where this is present. For composite samples, sampling date is assumed to be that of the oldest sample contributing to the composite.  Sample date 

for laboratory produced leachates is assumed as the completion date of the leaching process. Outliers for holding time are based on USEPA SW 846, APHA, AS and NEPM (1999). A listing of breaches is provided in 

the Summary of Outliers.

Holding times for leachate methods (excluding elutriates) vary according to the analytes being determined on the resulting solution. For non -volatile analytes, the holding time compliance assessment compares the 

leach date with the shortest analyte holding time for the equivalent soil method. These soil holding times are: Organics (14 days); Mercury (28 days) & other metals (180 days). A recorded breach therefore does not 

guarantee a breach for all non-volatile parameters.

Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EA055: Moisture Content

Soil Glass Jar - Unpreserved

28-JUL-2009----V1, V2,

V3, QA

29-JUL-2009----21-JUL-2009 ---- û

EA150: Particle Sizing

Snap Lock Bag

17-JAN-2010---V1, V2,

V3, S1,

S2, S3,

S4, S5,

S6, S7,

QA

22-JUL-2009---21-JUL-2009 ---- ü

EA150: Soil Classification based on Particle Size

Snap Lock Bag

17-JAN-2010---V1, V2,

V3, S1,

S2, S3,

S4, S5,

S6, S7,

QA

22-JUL-2009---21-JUL-2009 ---- ü

EG005-SD: Total Metals in Sediments by ICP-AES

Soil Glass Jar - Unpreserved

17-JAN-201018-AUG-2009V1, V2,

V3, QA

27-JUL-200927-JUL-200921-JUL-2009 ü ü

EG020-SD: Total Metals in Sediments by ICPMS

Soil Glass Jar - Unpreserved

17-JAN-201018-AUG-2009V1, V2,

V3, QA

27-JUL-200927-JUL-200921-JUL-2009 ü ü



3 of 6:Page

Work Order :

:Client

ES0910698

WORLEY PARSONS - INFRASTRUCTURE MWE

301017-00077:Project

Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 

AnalysisExtraction / PreparationSample DateMethod

EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)

EG035T:  Total Recoverable Mercury by FIMS

Soil Glass Jar - Unpreserved

18-AUG-200918-AUG-2009V1, V2,

V3, QA

28-JUL-200927-JUL-200921-JUL-2009 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(where) processed. Actual rate should be greater than or equal to 

the expected rate. A listing of breaches is provided in the Summary of Outliers.

Matrix: SOIL Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 

Quality Control SpecificationQuality Control Sample Type

ExpectedQC Regular Actual

Rate (%)Quality Control Sample Type Count
EvaluationAnalytical Methods Method

Laboratory Duplicates (DUP)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  10.0   10.02 20 üMoisture Content EA055-103

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  20.0   10.01 5 üTotal Fe and Al in Sediments by ICPAES EG005-SD

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3   10.01 7 üTotal Mercury by FIMS (Low Level) EG035T-LL

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3   10.01 7 üTotal Metals in Sediments by ICPMS EG020-SD

Laboratory Control Samples (LCS)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3    5.01 7 üTotal Mercury by FIMS (Low Level) EG035T-LL

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3    5.01 7 üTotal Metals in Sediments by ICPMS EG020-SD

Method Blanks (MB)

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  20.0    5.01 5 üTotal Fe and Al in Sediments by ICPAES EG005-SD

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3    5.01 7 üTotal Mercury by FIMS (Low Level) EG035T-LL

NEPM 1999  Schedule B(3) and ALS QCS3 requirement  14.3    5.01 7 üTotal Metals in Sediments by ICPMS EG020-SD

Matrix Spikes (MS)

ALS QCS3 requirement  14.3    5.01 7 üTotal Mercury by FIMS (Low Level) EG035T-LL

ALS QCS3 requirement  14.3    5.01 7 üTotal Metals in Sediments by ICPMS EG020-SD
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 

Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.

Analytical Methods Method DescriptionsMatrixMethod

A gravimetric procedure based on weight loss over a 12 hour drying period at 103-105 degrees C.  This method 

is compliant with NEPM (1999) Schedule B(3) (Method 102)

Moisture Content EA055-103 SOIL

Particle Size Analysis by Sieving according to AS1289.3.6.1 - 1995Particle Size Analysis (Sieving) EA150 SOIL

(APHA 21st ed., 3120; USEPA SW 846 - 6010) (ICPAES) Metals are determined following an appropriate acid 

digestion of the soil.  The ICPAES technique ionises samples in a plasma, emitting a characteristic spectrum 

based on metals present.  Intensities at selected wavelengths are compared against those of matrix matched 

standards. This method is compliant with NEPM (1999) Schedule B(3).  LORs per NODG

Total Fe and Al in Sediments by ICPAES EG005-SD SOIL

(APHA 21st ed., 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020): The ICPMS technique utilizes a highly 

efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 

spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 

measurement by a discrete dynode ion detector.  Analyte list and LORs per NODG.

Total Metals in Sediments by ICPMS EG020-SD SOIL

AS 3550, APHA 21st ed., 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  FIM-AAS is an 

automated flameless atomic absorption technique. Mercury in solids are determined following an appropriate 

acid digestion. Ionic mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a 

heated quartz cell.  Quantification is by comparing absorbance against a calibration curve. This method is 

compliant with NEPM (1999) Schedule B(3)

Total Mercury by FIMS (Low Level) EG035T-LL SOIL

Preparation Methods Method DescriptionsMatrixMethod

USEPA 200.2 Mod. Hot Block Acid Digestion  1.0g of sample is heated with Nitric and Hydrochloric acids, then 

cooled.  Peroxide is added and samples heated and cooled again before being filtered and bulked to volume for 

analysis.  Digest is appropriate for determination of selected metals in sludge, sediments, and soils. This 

method is compliant with NEPM (1999) Schedule B(3) (Method 202)

Hot Block Digest for metals in soils 

sediments and sludges

EN69 SOIL
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Summary of Outliers

Outliers : Quality Control Samples

The following report highlights outliers flagged in the Quality Control (QC) Report. Surrogate recovery limits are static and based on USEPA SW846 or ALS-QWI/EN/38 (in the absence of specific USEPA limits). This 

report displays QC Outliers (breaches) only.

Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes

l For all matrices, no Method Blank value outliers occur.

l For all matrices, no Duplicate outliers occur.

l For all matrices, no Laboratory Control outliers occur.

l For all matrices, no Matrix Spike outliers occur.

Regular Sample Surrogates

l For all regular sample matrices, no surrogate recovery outliers occur.

Outliers : Analysis Holding Time Compliance

This report displays Holding Time breaches only. Only the respective Extraction / Preparation and/or Analysis component is/are displayed.

Matrix: SOIL

AnalysisExtraction / Preparation

Date analysedDate extractedContainer / Client Sample ID(s) Days 

overdue

Days 

overdue

Due for extraction Due for analysis

Method

EA055: Moisture Content

Soil Glass Jar - Unpreserved

28-JUL-2009----V1, V2,

V3, QA

29-JUL-2009---- ---- 1

Outliers : Frequency of Quality Control Samples

The following report highlights breaches in the Frequency of Quality Control Samples.

l No Quality Control Sample Frequency Outliers exist.


