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Executive Summary 

Background 

3D Oil commissioned RPS to carry out quantitative oil spill modelling to assess the potential risk of a 

hydrocarbon release during marine seismic survey operations and, to assist in the development of the 

Environmental Plan (EP) and Oil Pollution Emergency Plan (OPEP). 3D Oil is proposing to conduct the 

Dorrigo three-dimensional (3D) marine seismic survey of Exploration Permit T/49P.  Operations are 

predicted to commence between October 2018 and April 2019.  The proposed area of operation is located 

approximately 18 km west of King Island and 56 km off Cape Otway in the Commonwealth waters.   

Stochastic modelling was conducted to assess the risk and potential exposure to surrounding waters and 

contact to the shorelines throughout the proposed operational period following a hypothetical yet plausible 

scenario: 

 A 400 m3 surface release of marine diesel oil over 6 hours, to represent a vessel collision incident, from 

100 randomly selected release sites within the permit area. 

The SIMAP system, the methods and analysis presented herein use modelling algorithms which have been 

anonymously peer reviewed and published in international journals. Further, RPS APASA warrants that this 

work meets and exceeds the ASTM Standard F2067-13 “Standard Practice for Development and Use of Oil 

Spill Models”. 

Note that the modelling does not take into consideration any of the spill prevention, mitigation and response 

capabilities that might be in place during the operations. The modelling makes no allowance for intervention 

following a spill to reduce volumes and/or prevent hydrocarbons from reaching sensitive areas. 

Methodology 

The modelling study was carried out in several stages. Firstly, a five-year current dataset (2008–2012) that 

includes the combined influence of ocean currents from the HYCOM model and tidal currents from the 

HYDROMAP model was developed. Secondly, high-resolution local winds from the CFSR model and 

detailed hydrocarbon characteristics were used as inputs in the three-dimensional oil spill model (SIMAP) to 

simulate the drift, spread, weathering and fate of the spilled oils. 

As spills can occur during any set of wind and current conditions, modelling was conducted using a 

stochastic (random or non-deterministic) approach, which involved running 100 spill simulations per release 

site initiated at random start times, using the same release information (spill volume, duration and 

composition of the oil). This ensured that each simulation was subject to different wind and current 

conditions and, in turn, movement and weathering of the oil. 

Oil Properties 

The oil type used for the vessel collision incident was a marine diesel oil (MDO). The MDO is a medium 

grade oil (Classified as a Group II oil) used in the maritime industry. It has a density of 829.1 kg/m3 (API of 

37.6), a pour point (-14°C) and a dynamic viscosity at 25°C (4.0 cP), which indicates that this oil will spread 

quickly when spilt at sea and thin out to low thickness levels; which increases the rate of evaporation. The 

marine diesel has a strong tendency to entrain into the upper water column in the presence of moderate 

winds and breaking waves (>12 knots) but re-floats to the surface when the conditions calm which delays the 

evaporation process. Approximately, 5% (by mass) of the oil is considered “persistent hydrocarbons”. These 
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oil properties categorise MDO as a Group 2 oil according to the International Tanker Owners Pollution 

Federation (ITOPF, 2014). 

Key Findings 

 The maximum distance from a release site for potential of low, moderate and high surface exposure 

were 48 km (South) 14km (South) and 17km (East), respectively. 

 Modelling demonstrated a 2% probability of contact to any shoreline and an absolute minimum time for 

visible oil to come ashore of approximately 30 hours and had a maximum onshore volume of 30 m3. 

 Surface oil exposure was predicted to influence many Biologically Important Areas, due to the 

operational area overlapping these regions. 

 King Island was the only shoreline shown to be impacted, with a 2% probability and a peak volume of 

30 m3 onshore across a maximum length of 8 km. 

 No marine diesel oil was shown to persist on the water surface beyond 5 days at visible levels; 

 Low level of entrained hydrocarbons is shown to occasionally impact on bird foraging areas including 6 

species of albatross, 2 species of shearwater and 2 species of petrel. 

 No zones of exposure to entrained hydrocarbons were observed at or above the moderate exposure 

threshold of 67,200 ppb.hrs, under any of the environmental conditions or depth profiles assessed; and 

 No zones of exposure to dissolved aromatics above the low exposure thresholds of 576 ppb.hrs were 

observed. 
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Figure 1 Location of the release points used in the study 
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2 Scope of Work 

The scope of work included the following components: 

1. Generate five years of net currents from 2008 to 2012 (inclusive) that include the combined influence of 

ocean and tidal currents. 

2. Use high-resolution wind data, current data and hydrocarbon characteristics as input into the 3-

dimensional oil spill model, SIMAP to model the movement, spreading, entrainment, weathering and 

potential shoreline contact by the hydrocarbon over time; 

3. Use SIMAP’s stochastic model (also known as a probability model) to calculate exposure to surround 

waters and shoreline. This involved running 100 spill simulations at 100 randomly selected spill 

locations within the area of proposed operation. The simulations were initiated at random start times, 

using the same release information (spill volume, duration and composition of the oil). This ensured that 

each simulation was subject to different wind and current conditions and, in turn, movement and 

weathering of the oil.  

 

3 Regional Currents 

Bass Strait is a sea strait separating Tasmania from the southern Australian mainland, specifically the state 

of Victoria. The strait is a relatively shallow area of the continental shelf, connecting the southeast Indian 

Ocean with the Tasman Sea. Bass Strait has a reputation for high winds and strong tidal currents (Jones, 

1980). Currents within the straight are primarily driven by tides, winds and density driven flows. The Otway 

Basin is part of the Western field of the Bass Strait and lies along a north-west to south-east axis. It is 

approximately 500 km long and extends from Cape Jaffa in South Australia to north-west Tasmania and 

forms part of the Australian Southern Rift System. 

The varied geography and bathymetry of the region, in addition to the forcing of the south-eastern Indian 

Ocean and local meteorology lead to complex shelf and slope circulation patterns (Middleton and Bye, 

2007). Two important currents influencing the region, and contributing to the great complexity of its 

oceanography, include the Leeuwin and South Australian Currents: 

• Leeuwin Current (LC) - This current originates from the tropical waters of the Indian Ocean and 

migrates along the continental shelf break east as far as 130° E. It passes from west to east in a narrow 

band predominantly (though not exclusively) during winter months (Rochford, 1986), when its velocity is 

at a maximum. 

• South Australian Current (SAC) - During winter the SAC moves dense, salty, warmer water eastward 

from the Great Australian Bight into the western margin of the Bass Strait (Sandery and Kampf, 2007). 

In winter and spring, waters within the straight are well mixed with no obvious stratification, while during 

summer the central regions of the straight become stratified (Baines and Fandry 1983; Middleton and 

Black 1994). 

To accurately describe the variability in currents between the inshore and offshore region, a hybrid regional 

data set was developed by combining deep ocean predictions obtained from HYCOM (Hybrid Coordinate 

Ocean Model) with surface tidal currents developed by RPS APASA. The following sections provide a 

summary of the hybrid regional data set.  
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3.1 Tidal Currents 

The effects of tides were generated using RPS ASA’s advanced ocean/coastal model, HYDROMAP. The 

HYDROMAP model has been thoroughly tested and verified through field measurements throughout the 

world over the past 26 years (Isaji and Spaulding, 1984; Isaji et al., 2001; Zigic et al., 2003).  In fact, 

HYDROMAP tidal current data has been used as input to forecast (in the future) and hindcast (in the past ) 

oil spills in Australian waters and forms part of the Australian National Oil Spill Emergency Response System 

operated by AMSA (Australian Maritime Safety Authority). 

HYDROMAP employs a sophisticated sub-gridding strategy, which supports up to six levels of spatial 

resolution, halving the grid cell size as each level of resolution is employed.  The sub-gridding allows for 

higher resolution of currents within areas of greater bathymetric and coastline complexity, and/or of particular 

interest to a study. 

The numerical solution methodology follows that of Davies, 1977a, 1977b with further developments for 

model efficiency by Owen, 1980 and Gordon, 1982. A more detailed presentation of the model can be found 

in Isaji and Spaulding, 1984, Isaji et al., 2001. 

 

3.1.1 Grid Setup 

HYDROMAP was used to set-up a domain that extended 1,150 km (east-west) by 1,095 km (north-south). 

The domain was subdivided horizontally into a grid with 3 levels of resolution. The resolution of the primary 

level was set at 8 km. The resolution of the first, second and third levels were 4 km, 2 km and 1 km, 

respectively. The finer grids were allocated in a step-wise fashion to more accurately resolve flows along the 

coastline, around islands and over more complex bathymetry. Error! Reference source not found. shows 

the tidal model grid domain, which extends over the Bass Strait from 140°E to 150°E longitude and 38°S to 

42°S latitude. 

To define the shape of the seafloor, the bathymetric data was obtained from extensive digitalised 

hydrographic charts, and was spatially interpolated to fill the entire model domain (refer Error! Reference 

source not found.). The minimum, average and maximum depths across the gridded region were 3 m, 503 

m and 5,438 m, respectively. 
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Figure 2 Map showing a zoomed in view of the hydrodynamic model domain. Higher resolution 
areas are shown by the denser mesh zones. 

 

Figure 3 Map showing the bathymetry used in the hydrodynamic model. 
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3.1.2 Tidal Conditions 

The ocean boundary data for the regional model was obtained from satellite measured altimetry data 

(TOPEX/Poseidon 7.2) which provided estimates of the eight dominant tidal constituents at a horizontal 

scale of approximately 0.25 degrees.  The eight major tidal constituents used were K2, S2, M2, N2, K1, P1, O1 

and Q1.  Using the tidal data, surface heights were firstly calculated along the open boundaries, at each time 

step in the model. 

The Topex-Poseidon satellite data has a resolution of 0.25 degrees (465 m) globally and is produced and 

quality controlled by NASA (National Aeronautics and Space Administration).  The satellites, equipped with 

two highly accurate altimeters, capable of taking sea level measurements accurate to less than ± 1 cm, 

measured oceanic surface elevations (and the resultant tides) for over 13 years (1992–2005).  In total these 

satellites carried out 62,000 orbits of the planet.  The Topex-Poseidon tidal data has been widely used 

amongst the oceanographic community, being the subject of more than 2,100 research publications (e.g. 

Andersen, 1995; Ludicone et al., 1998; Matsumoto et al., 2000; Kostianoy et al., 2003; Yaremchuk and 

Tangdong, 2004; Qiu and Chen 2010). As such the Topex/Poseidon tidal data is considered suitably 

accurate for this study. 

3.1.3 Surface Elevation Validation 

To ensure that tidal predictions were accurate, predicted surface elevations were compared to data observed 

at eight locations.  

Figure 4 and Figure 5 illustrate a comparison of the predicted and observed datasets for each location 

between the 1st February and 1st March 2013.  As shown on the graphs, the model accurately reproduced 

the phase and amplitudes throughout the spring and neap tidal cycles. 

To provide a statistical measure of the model’s performance, the Index of Agreement (IOA - Willmott (1981)) 

and the Mean Absolute Error (MAE - Willmott (1982) and Willmott and Matsuura (2005)) were used. 

The MAE is simply the average of the absolute values of the difference between the model-predicted (P) and 

observed (O) variables. It is a more natural measure of the average error (Willmott and Matsuura, 2005) and 

more readily understood  

𝑀𝐴𝐸 = 𝑁−1∑|𝑃𝑖 − 𝑂𝑖|

𝑁

𝑖=1

 

 

The Index of Agreement (IOA) is determined by: 

 

𝐼𝑂𝐴 = 1 −
∑|𝑋𝑚𝑜𝑑𝑒𝑙 − 𝑋𝑜𝑏𝑠|

2

∑(|𝑋𝑚𝑜𝑑𝑒𝑙 − 𝑋𝑜𝑏𝑠̅̅ ̅̅ ̅̅ | + |𝑋𝑜𝑏𝑠 − 𝑋𝑜𝑏𝑠̅̅ ̅̅ ̅̅ |)2
 

 

Where: X represents the variable being compared and the time mean of that variable. A perfect agreement 

exists between the model and field observations if the index gives an agreement value of 1 and complete 

disagreement will produce an index measure of 0 (Wilmott, 1981). Willmott et al., (1985) also suggests that 

values meaningfully larger than 0.5 represent good model performance. Clearly, a greater IOA and lower 

MAE represent a better model performance. 
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Figure 4 Comparison between predicted (blue line) and observed (red line) surface elevation 
variation at Eden (top) and Burnie (bottom), between the 1st of February and the 1st March 

2013. 
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Figure 5 Comparison between predicted (red line) and observed (blue line) surface elevation 
variation at Pirates Bay between the 1st of February and the 1st March 2013. 

 

Figure 6: Screenshot of the zoomed-in view (upper image) and large scale view (lower image) of 
predicted tidal current vectors. Note the density of the tidal vectors vary with the grid 

resolution, particularly along the coastline and around the islands. Colourations of 
individual vectors indicate current speed.  
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3.2 Ocean Currents 

Data describing the flow of ocean currents was obtained from HYCOM (Hybrid Coordinate Ocean Model) 

(see Chassignet et al. 2007), which is operated by the HYCOM Consortium, sponsored by the Global Ocean 

Data Assimilation Experiment (GODAE). HYCOM is a data-assimilative, three-dimensional ocean model that 

is run as a hindcast, assimilating time-varying observations of sea-surface height, sea-surface temperature 

and in-situ temperature and salinity measurements (Chassignet, et al., 2009). The HYCOM predictions for 

drift currents are produced at a horizontal spatial resolution of approximately 8.25 km (1/12th of a degree) 

over the region, at a frequency of once per day. HYCOM uses isopycnal layers in the open, stratified ocean, 

but uses the layered continuity equation to make a dynamically smooth transition to a terrain following 

coordinate in shallow coastal regions, and to z-level coordinates in the mixed layer and/or unstratified seas 

For this study, the HYCOM hindcast currents were obtained for the years 2009 to 2013 (inclusive). 

Figure 7 shows a screenshot of the predicted ocean currents at the surface during summer conditions 

(November). The colouration of the individual vectors indicates current speed (m/s). 

 

 

Figure 7 Modelled surface ocean currents on the 12th November 2013. Derived from the HYCOM 
ocean hindcast model. The colours of the vectors indicate current speed in m/s. 
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Figure 8 Monthly surface current rose plots near the release site (derived by combining the 
HYDROMAP tidal currents and HYCOM ocean currents for 2008 – 2012 inclusive). The 

colour key shows the current magnitude (m/s), the compass direction provides the 
current direction flowing TOWARDS and the length of the wedge gives the percentage of 

the record for a speed and direction combination. 
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Figure 9 Seasonal surface current rose plots near the release site (derived by combining the 
HYDROMAP tidal currents and HYCOM ocean currents for 2008 – 2012 inclusive). The 

colour key shows the current magnitude (m/s), the compass direction provides the 
current direction flowing TOWARDS and the length of the wedge gives the percentage of 

the record for a speed and direction combination. 
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4 Winds 

High resolution wind data was sourced from the National Centre for Environmental Prediction (NCEP) 

Climate Forecast System Reanalysis (CFSR; see Saha et al., 2010). The CFSR wind model is a fully 

coupled, data-assimilative hind cast model representing the interaction between the earth’s oceans, land and 

atmosphere. The gridded wind data output is available at ¼ of a degree resolution (~33 km) and 1-hourly 

time intervals. 

The CFSR wind data for the years 2008–2012 (inclusive) was compiled across the model domain. Figure 10 

shows an example of the wind field used as input into the oil spill model. 

 

 

Figure 10 Sample of the CFSR modelled wind data used for the oil spill model. 

 

Figure 11 shows the monthly wind rose distribution, derived from the CFSR data for a node within the 

operational area. 

Note that the atmospheric convention for defining wind direction, that is, the direction the wind blows from, is 

used to reference wind direction throughout this report. Each branch of the rose represents wind coming 

from that direction, with north to the top of the diagram. Sixteen directions are used. The branches are 

divided into segments of different colour, which represent wind speed ranges from that direction. Speed 

ranges of 2 knots are typically used in these wind roses. The length of each segment within a branch is 

proportional to the frequency of winds blowing within the corresponding range of speeds from that direction. 
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Figure 11 Modelled monthly wind rose distributions from 2008–2012 (inclusive), for the wind node 
within the operational area. The colour key shows the wind magnitude, the compass 

direction provides the direction FROM and the length of the wedge gives the percentage 
of the record for a particular speed and direction combination. 
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Figure 12 Modelled seasonal wind rose distributions from 2008–2012 (inclusive), for the wind node 
within the operational area. Data is derived from CFSR model. The colour key shows the 

wind speed (knots), the compass direction provides the direction FROM and the length of 
the wedge gives the percentage of the record for a particular speed and direction 

combination. 
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6 Oil Spill Model - SIMAP 

The oil spill modelling was performed using SIMAP. SIMAP is designed to simulate the fate and effects of 

spilled hydrocarbons for both the surface and subsurface releases (Spaulding et al., 1994; French et al., 

1999; French-McCay, 2003; French-McCay, 2004; French-McCay et al., 2004; Spaulding, et al., 1994). 

The SIMAP model calculates two components: (i) the transport, spreading, entrainment, evaporation and 

decay of surface oil slicks and, (ii) the entrained and dissolved hydrocarbons released from the slicks into the 

water column. Input specifications for oil-types include the density, viscosity, pour point, distillation curve 

(volume lost versus temperature) and the aromatic/aliphatic component ratios within given boiling point 

ranges.  

The SIMAP trajectory model separately calculates the movement of the material that: (i) is on the water 

surface (as surface slicks), (ii) in the water column (as either entrained whole oil droplets or dissolved 

hydrocarbon), (iii) has stranded on shorelines, or (iv) that has precipitated out of the water column onto the 

seabed. The model calculates the transport of surface slicks from the combined forces exerted by surface 

currents and wind acting on the oil. Transport of entrained oil (oil that is below the water surface) is 

calculated using the currents only. 

6.1 Stochastic Modelling 

As spills can occur during any set of wind and current conditions, SIMAP’s stochastic model was used to 

quantify the probability of exposure to the sea surface, in-water and shoreline contacts for a hypothetical spill 

scenario over a 5-year period.  

For this assessment, a total of 100 single spill trajectories from 100 randomly selected spill locations within 

the intended operational area were run for the hypothetical scenario.  

Each simulation had the same spill information (i.e. spill volume, duration and oil type) for each scenario but 

with varying start times, and in turn, the prevailing wind and current conditions. This approach ensures that 

the predicted transport and weathering of an oil slick is subject to a wide range of current and wind 

conditions. 

During each spill trajectory, the model records the grid cells exposed to hydrocarbons, as well as the time 

elapsed.  Once all the spill trajectories have been run, the model then combines the results from the 

individual simulations to determine the following: 

 Maximum exposure (or load) observed on the sea surface; 

 Minimum time before sea surface exposure; 

 Probability of contact to any shorelines; 

 Probability of contact to individual sections of shorelines; 

 Maximum volume of oil that may contact shorelines from a single simulation;  

 Maximum load that an individual shoreline may experience; 

 Maximum exposure from entrained hydrocarbons observed in the water column; and 

 Maximum exposure from dissolved aromatic hydrocarbons observed in the water column. 

The stochastic model output does not represent the extent of any one spill trajectory (which would be 

significantly smaller) but rather provides a summary of all trajectories run for the scenario. 
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6.3 Exposure Calculation 

The thresholds used for the in-water concentrations of entrained hydrocarbons were described as an 

exposure over time, rather than an instantaneous peak value. The exposure is expressed as a concentration 

multiplied by the number of hours exposed at that concentration, in the units of parts per billion multiplied by 

hours (ppb.hrs). 

There are two important and opposing mechanisms that will affect the cumulative exposure. The rate of 

uptake, due to the exposure concentration and the duration of exposure, and the rate of removal due to the 

ability of the organism to expel or metabolise hydrocarbons; a process referred to as depuration. Calculation 

for these natural removal processes are important so as to avoid falsely forecasting impacts by only allowing 

for the uptake of hydrocarbons, particularly over long duration release simulations. 

The uptake of entrained hydrocarbons was calculated over time for each model grid cell by addition of the 

concentrations calculated at each subsequent time step, multiplied by the time interval (typically hourly). 

Depuration was calculated by applying an exponential decay function to the previously accumulated 

exposure. 

A review of the literature describing the observed rates of depuration of hydrocarbons indicates that the 

reduction of concentration follows an exponential decay. For sub-lethal concentrations, depuration rates will 

be faster with increased concentration and then decrease as concentrations approach zero. Hence, 

depuration of the concentrations in a cell over each time step was calculated by applying an exponential 

decay function to the tissue concentration calculated by uptake. 

Observed rates of depuration show significant variation for different soluble hydrocarbons and different 

organisms, varying from a few days to a few weeks (Solbakken et al., 1984). For this study, the decay 

coefficient was set so that the exposure would fall to 1% of an initial concentration over 1 week, given no 

further exposure.  

Cumulative exposures at each time step were then compared to threshold exposures and any location where 

the exposure thresholds were ever exceeded during any simulation was mapped.  

To illustrate the effect of allowing for depuration of hydrocarbons over time, an example time-series plot of 

concentration and exposure at a receptor location is presented in Figure 14. The time-series of concentration 

shows intermittent contacts to hydrocarbons with gaps between contacts, of the order of ~5 days. Such an 

outcome might be expected, for example, from variation in the position of hydrocarbon plumes resulting from 

variations in the current field during an ongoing discharge. The lower panel shows the calculated exposure if 

depuration is not considered (blue line) and the exposure where an exponential depuration rate is allowed 

for, assuming a time-scale of 7 days for tissue concentrations to reduce to 1% of a starting concentration. 

In the case where depuration was ignored (blue line), the calculated exposure simply increases with addition 

of each hydrocarbon concentration, and remains constant during times where there is no contact to 

hydrocarbons. In the case where depuration is allowed for (green line), exposure decreases exponentially 

between exposures. The maximum exposure occurs around day 50, where there was a prolonged (~5 days) 

exposure to a high concentration. The threshold exposure is not exceeded by the intermittent exposures to 

low concentrations but is exceeded at around day 48 when higher concentrations occurred for a longer 

duration. 
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Figure 14 Example time series plot of concentration of entrained hydrocarbons (top) at a receptor, 
and exposure (bottom) with no depuration (blue) and with depuration (green) 

 

6.4 Receptors Assessed 

Shorelines were assessed for potential exposure to oil accumulation above specified thresholds. Figure 15 

and Figure 16 present the marine parks, RAMSAR, reefs shoals and banks assessed for oil exposure above 

minimum threshold and shoreline contact from hydrocarbons.  

Note, due to the number of biologically important areas in this region, individual maps for each species have 

been provided in Appendix A. 
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Figure 15 Marine parks and RAMSAR sites assessed for oil exposure. 

 

Figure 16 Reefs, shoals and banks assessed for oil exposure. 
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Figure 17 Weathering and fates graph, as a function of volume, under 5, 10 and 15 knot static wind 
conditions. Results are based on a 400 m3 of MDO over 6 hours (tracked for 20 days). 
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9 Interpreting Modelling Results 

The results from the modelling study are presented in a number of tables and figures, which aim to provide 

an understanding of both the predicted sea surface exposure, shoreline contact and in-water exposure for 

the scenario.   

 

The figures are based on the following principles: 

 The potential zones of exposure (surface oil, entrained hydrocarbons and dissolved aromatics) – 

is determined by identifying the maximum loading (surface) or dosage (subsea) within a grid cell and is 

then classified according to identified surface or subsea thresholds.   

 The minimum time before oil exposure on the sea surface – is determined by recording the elapsed 

time before sea surface exposure to a grid cell, at a specified threshold.  

 The probability of exposure/contact (surface oil, shoreline oil, entrained hydrocarbon or dissolved 

aromatic) – is calculated by dividing the number of spill trajectories passing over that given cell (surface, 

shoreline or subsea) by the total number of spill trajectories, above the specified threshold value. 

 Maximum potential shoreline loading – is determined by identifying the maximum loading within a 

shoreline cell and is then classified according to the identified thresholds (i.e. 100 g/m2 and 1,000 g/m2). 

The statistics are based on the following principles: 

 The greatest distance travelled by a spill trajectory – is determined by: a) recording the maximum 

distance travelled by a single trajectory, within a scenario, from the release site to the identified exposure 

thresholds; and then b) report the greatest distance travelled by the 99th percentile spill trajectory (or 

second highest distance travelled by a single spill trajectory), along with the corresponding direction 

of travel from the release site. 

 The probability of shoreline contact – is determined by recording to the number of spill trajectories to 

contact the shoreline, at a specific threshold, divided by the total number of spill trajectories within that 

scenario. 

 The minimum time before oil exposure – is determined by recording the minimum time for a grid cell to 

record exposure, at a specific threshold. 

 The average volume of oil ashore for a single spill – is determined by calculating the average volume 

of the all the single spill trajectories which were predicted to make shoreline contact within a scenario.  

 The maximum volume of oil ashore from a single spill trajectory – is determined by identifying the 

single spill trajectory within a scenario/season, that recorded the maximum volume of oil to come ashore 

and presenting that value.   

 The average length of shoreline contacted by oil - is determined by calculating the average of the 

length of shoreline (measured as grid cells) contacted by oil above a specified threshold.  

 The maximum length of shoreline contacted by oil - is determined by recording the maximum length 

of shoreline (measured as grid cells) contacted by oil above a specified threshold.  

 The probability of oil exposure to a receptor – is determined by recording the number of spill 

trajectories to reach a specified sea surface or subsea threshold within a receptor polygon, divided by the 

total number of spill trajectories within that scenario.   
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 The minimum time before oil exposure to a receptor– is determined by ranking the elapsed time 

before sea surface exposure, at a specified threshold, to grid cells within a receptor polygon and 

recording the minimum value.  

 The probability of oil contact to a receptor– is determined by recording the number of spill trajectories 

to reach a specified shoreline contact threshold within a receptor polygon, divided by the total number of 

spill trajectories within that scenario. 

 The minimum time before shoreline contact to a receptor – is determined by ranking the elapsed time 

before shoreline contact, at a specified threshold, to grid cells within a receptor polygon and recording the 

minimum value. 

 The average potential oil loading within a receptor – is determined taking the average of the 

maximum loading to any grid cell within a polygon, for all simulations within a scenario/season, that 

recorded shoreline  

 The maximum potential oil loading within a receptor – is determined by identifying the maximum 

loading to any grid cell within a receptor polygon, for a scenario. 

 The average volume of oil ashore within a receptor – is determined by calculating the average volume 

of oil to come ashore within a receptor polygon, from all the single spill trajectories which were predicted 

to make shoreline contact within a scenario.  

 The maximum volume of oil ashore within a receptor – is determined by recording the maximum 

volume of oil to come ashore within a receptor polygon, from all the single spill trajectories which were 

predicted to make shoreline contact within a scenario.   

 The average length of shoreline contacted within a receptor is determined by calculating the average 

of the length of shoreline (measured as grid cells) contacted by oil within a receptor polygon, at a 

specified threshold, from all the single spill trajectories which were predicted to make shoreline contact 

within a scenario. 

 The maximum length of shoreline contacted by oil is determined by recording the maximum length of 

shoreline (measured as grid cells) contacted by oil within a receptor polygon, at a specified threshold, 

from all the single spill trajectories which were predicted to make shoreline contact within a scenario 
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10 Results: 400m 3 Surface Release of MDO 
from a Vessel Collision within the Dorigo 
Marine Seismic Survey Area 

This scenario examined a hypothetical release of 400 m3 of MDO following a vessel collision within the 

Dorigo seismic survey area. 100 individual spill locations were randomly selected throughout the operation 

area to represent a hypothetical collision occurrence through multiple stages of the survey.  A total of 100 

spill trajectories were simulated and tracked for a period of 20 days.  

Section 10.1 presents the potential exposure to the sea surface and shoreline contact, while Section 10.2 

presents potential subsurface exposure. 

For the modelling study each spill trajectory was tracked to the following minimum thresholds: 

 Visible sea surface oil – 0.5 g/m2 

 Shoreline oil contact – 10 g/m2 

 Dissolved aromatics – 576 ppb.hrs 

 Entrained hydrocarbons – 11,844 ppb.hrs 

 

10.1 Sea Surface Exposure and Shoreline Contact 

Table 14 details the maximum distance travelled by oil on the sea surface at each surface oil threshold.  The 

maximum distance from a release site for potential of low, moderate and high exposure were 48 km (South) 

14km (South) and 17km (East).  

Table 15 provides a summary of shoreline contact at or above low threshold (10 g/m2). Modelling 

demonstrated a 2% probability of contact to any shoreline and an absolute minimum time for visible oil to 

come ashore of approximately 30 hours and had a maximum onshore volume of 30 m3. 

Figure 18 illustrates zones of potential exposure on the sea surface for low (1–10 g/m 2) moderate (10- 25 

g/m2) and high (>25 g/m2) from October to April.  

Figure 19 to Figure 21 demonstrate the probability of oil exposure on the sea surface above low, moderate 

and high exposure while Figure 22 to Figure 24 show the minimum amount of time before oil exposure 

reaches the sea surface. 

Table 16 provides a summary of sea surface exposure to all receptors. Surface oil exposure was predicted 

to influence many Biologically Important Areas, due to the operational area overlapping these regions. 

A summary of shoreline contact to individual receptors is outlined in Table 17. King Island was the only 

shoreline shown to be impacted, with a 2% probability and a peak volume of 30 m3 onshore across a 

maximum length of 8 km. 
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Figure 18 Zones of potential exposure on the sea surface. 
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Figure 19 Probability of oil exposure on the sea surface above low exposure (≥1 g/m2). 
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Figure 20 Probability of oil exposure on the sea surface above moderate exposure (≥10 g/m2). 
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Figure 21 Probability of oil exposure on the sea surface above high exposure (≥25 g/m2). 
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Figure 22 Minimum time before oil exposure on the sea surface above low exposure (≥0.5 g/m2). 
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Figure 23 Minimum time before oil exposure on the sea surface above moderate exposure (≥10 g/m2). 
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Figure 24 Minimum time before oil exposure on the sea surface above high exposure (≥25 g/m2). 
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Figure 25 Maximum potential shoreline loading from October to April. 
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10.2 Subsurface Exposure 

10.2.1 Dissolved Aromatics 

No zones of exposure to dissolved aromatics above the low exposure thresholds of 576 ppb.hrs were 

observed. 

 

10.2.2 Entrained Hydrocarbons 

Table 18 summarises the potential receptors impacted by entrained hydrocarbons and the probability of at 

low (>11,844 ) moderate (>67,200 ppb.hrs) and high (>676,800 ppb.hrs) thresholds in the 0 – 10m depth 

layer  

Low level of entrained hydrocarbons is shown to occasionally impact on bird foraging areas including 6 

species of albatross, 2 species of shearwater and 2 species of petrel. 

No zones of exposure to entrained hydrocarbons were observed at or above the moderate exposure 

threshold of 67,200 ppb.hrs, under any of the environmental conditions or depth profiles assessed  
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Appendix A 

Biologically Important Areas 
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Figure 26 Biologically important areas for the antipodean albatross assessed for oil exposure. 

 

Figure 27 Biologically important areas for the australasian gannet assessed for oil exposure 
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Figure 28 Biologically important areas for the black-faced cormorant assessed for oil exposure 

 

 

Figure 29 Biologically important areas for the bullers albatross assessed for oil exposure. 
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Figure 30 Biologically important areas for the campbell albatross assessed for oil exposure. 

 

Figure 31 Biologically important areas for the common diving petrel assessed for oil exposure 
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Figure 32 Biologically important areas for the indian yellow-nosed albatross assessed for oil 
exposure 

 

Figure 33 Biologically important areas for the little penguin assessed for oil exposure 
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Figure 34 Biologically important areas for the pygmy blue whale assessed for oil exposure 

 

Figure 35 Biologically important areas for the short-tailed shearwater assessed for oil exposure 
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Figure 36 Biologically important areas for the shy albatross assessed for oil exposure 

 

Figure 37 Biologically important areas for the southern right whale assessed for oil exposure 
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Figure 38 Biologically important areas for the wandering albatross assessed for oil exposure 

 

Figure 39 Biologically important areas for the white shark assessed for oil exposure 
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Figure 40 Biologically important areas for the white-faced storm-petrel assessed for oil exposure 




