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Reference Case

Introduction
The Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2009 (the Regulations) require petroleum
titleholders to submit an Environment Plan (EP) for assessment by NOPSEMA. The Regulations require that an environmental
assessment is contained within the EP that covers all impacts and risks. The environmental assessment process proscribed by
the Regulations is based on the process (Clause 5) outlined in ISO 31000 (Figure 1).
Figure 1 - ISO 31000
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Process (Clause 5)

The industry currently conducts stochastic predictive hydrodynamic modelling to support a consequence analysis of diesel
releases. Many modelled outputs have been analysed in preparing this reference case to generate an aggregated set of outputs
to eliminate the need to continue to undertake modelling of a well understood consequence.
To be clear, if a titleholder identifies release scenarios that fall within the scope of this reference case there is no need to
commission predictive hydrocarbon release modelling or complete additional analysis of this risk. This is because this reference
case provides sufficient detail of the consequences to underpin risk management and response planning from an accidental
release of diesel within the scope of this reference case.
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Scope and Purpose
This reference case aims to complete a part of the risk analysis specified by ISO 31000 namely the consequence analysis, which
is a component of clause 5.4.3 (highlighted above). This reference case can then be used by titleholders, in conjunction with
their likelihood analysis, to underpin their evaluation of the risks from an accident release of diesel to the marine environment.
Therefore, this reference case does not evaluate these risks or propose control measures that would be required to manage the
risk to as low as reasonably practicable (ALARP) or to an acceptable level. This evaluation is required in the activity specific EP.
Current industry practice is to undertake stochastic modelling to predict with a high degree of certainty the extent, and
duration of the consequences from an accidental release of diesel. This is completed by modelling multiple release scenarios
for each petroleum activity. This reference case explores the variations in the modelling outputs provided by titleholders from a
variety of environmental settings. The output is a prediction of the extent and duration of consequences for releases less than
700m3. The reference case then provides some detail on the types of consequences from an accident release of diesel.
As this reference case is not directly related to a specific petroleum activity limitations and assumptions have been made to
enable consideration of consequences. The scope inclusions function as activity limitations against which a titleholder can check
the degree to which their specific activity falls within the same parameters. The scope exclusions function as the environment
limitations for the same purpose. Therefore, the utility of this document is to provide a general discussion of the details of the
consequences to satisfy Regulation 13(5)a by:
• analysing and determining the extent and duration of a hydrocarbon release; and
• setting the boundaries of the extent of possible consequences.
To ensure that this reference case is used correctly the following components of a risk assessment and response planning are
not completed by this reference case and will need to be included in an EP submission:
• description of the environment that may be affected
• evaluation of risks of a diesel spill
• demonstrating an acceptable level of risk
• demonstrating the risk has been reduced to as low as reasonably practicable
• adopting control measures and appropriate environmental performance
Guidance on how to complete these steps can be found in the following NOPSEMA guidance; GL 1721 – EP decision making,
GN 1344 – EP content requirements, and GN 1488 – oil pollution risk management.

Scope inclusions
The scope inclusions are explained in the consequence analysis later in this document (cross referenced below). The scope of
consequences from petroleum activities covered in this reference case include:
• All petroleum activities within the Commonwealth Marine Area to be undertaken in water depths greater than 10m (Section 4.1).
• Accidental release volume is ≤700 m3. (Section 4.1)
• Release is from the sea surface
• Accidental releases of hydrocarbons with the following characteristics:
- for use as fuel
- specific gravity up to 0.85 @15ºC
- non-persistent1
Note: titleholders are required to undertake analysis for the source of the accidental release to confirm that the release volume
is not exceeded.

1 a non-persistent hydrocarbon is hydrocarbon which, at the time of shipment, consists of hydrocarbon fractions, (a) at least 50% of which, by volume, distils at a temperature of 340°C
(645°F). and (b) at least 95% of which, by volume, distils at a temperature of 370°C (700°F); when tested by the ASTM Method D86/78 or any subsequent revision thereof (ITOPF 2001)
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Scope exclusions
The scope of activities excluded from this reference case include:
• An accidental release of unrefined hydrocarbons with a specific gravity above 0.85 and less than 95% volatility;
• Consideration of crude oils, condensates, heavy or intermediate fuel oils, lubricating oils, of any kind;
If the risk assessment undertaken by the titleholder identifies that one or more of these scope exclusions may apply, additional
consequence analysis should be performed. While the scope exclusions describe the circumstances where this reference case
cannot be directly used, information and references contained in this reference case may be useful in an activity’s EP.

The Activity
This reference case applies to facilities and vessels involved in undertaking a petroleum activity (as per NOPSEMA guidance).
Facilities and vessels used during petroleum activities may undertake a variety of tasks however most often their primary role
is as the platform for an activity, or the transfer of goods and personnel to and from offshore facilities, standby operations
and emergency response. Although vessel operations will typically be short term to support construction phases of projects,
accommodation vessels and other vessels that support operating facilities may conduct activities for longer periods of time.
Tank ruptures caused by vessel collisions, or damaged hose/couplings during bulk transfers, have the potential to result in the
release of refined hydrocarbons to the marine environment.
All facilities and vessels carry inventories of hydrocarbons as fuel for propulsion and/or power generation. There are many types
of hydrocarbons that can be used in petroleum activities such as Marine Diesel Oil (MDO), Marine Gas Oil (MGO), Heavy Fuel
Oil (HFO), Intermediate Fuel Oil (IFO). The properties of these hydrocarbons are vastly different, as is their fate and effect on the
marine environment. Hydrocarbons impact on receptors through toxicity and smothering effects in varying degrees. In general,
MDO/MGO type products have a greater toxicity effect and HFO/IFO type products have a greater smothering effect. These
differences mean that different hydrocarbon types require separate consequence analysis.
This reference case has been limited in scope to analyse the consequence of MDO/MGO type hydrocarbon products. These fuels
have various names, so this reference case has defined the specific characteristics of the fuels as they relate to consequences
from an accidental release, rather than limit the scope of the document based solely on the name of a hydrocarbon i.e. diesel
(as used in the title of this reference case). Thus, the term “refined” hydrocarbon is used throughout this document as defined
by the scope inclusion statement above.

Details and analysis of consequence
To understand the consequences of an accidental release of hydrocarbons in more detail it is useful to study the separate
compartments of the fate of oil. It is important to understand the fate of hydrocarbons in predicting the consequences of an
accidental release. Figure 1 depicts the general fate of any hydrocarbon in the marine environment.
Figure 2 - ITOPF Technical Information Paper 2: Fate of Oil (2014)
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The processes of hydrocarbon spreading, evaporation, dispersion, emulsification and dissolution are most important during
the early stages of a spill whilst oxidation, sedimentation and biodegradation are long term processes which determine the
fate of the hydrocarbon. Ultimately, the marine environment assimilates spilt hydrocarbons through the long-term process of
biodegradation. Detailed information on the fate of hydrocarbon can be found in the following freely available resource:
• International Tanker Owners Pollution Federation (ITOPF) Technical Information Paper 2: Fate of oil
http://www.itopf.com/knowledge-resources/documents-guides/document/tip-2-fate-of-marine-oil-spills/
The general behaviour of refined hydrocarbons within scope of this reference case in the open ocean includes the following
aspects (ITOPF 2014):
• Spreads very rapidly with the slick elongated in the direction of prevailing wind and current.
• The persistent components can remain on the sea surface for an extended period.
• Evaporation is the dominant process contributing to the removal from the sea surface.
• The viscosity does not change significantly overtime and hence has a strong tendency to physically entrain into the upper
water column as oil droplets in the presence of wave energy.
• The density and coalescence of hydrocarbons will cause resurfacing if wave energies abate.
• Hydrocarbons are likely to entrain under moderate winds and potentially remain subsurface for extended periods, where
it is subjected to microbial degradation (or decay) only. Sedimentation is therefore not expected to occur.
It is important to understand the behaviour of hydrocarbons on the surface and in the water column. In general terms, all
hydrocarbons affect environmental receptors through their toxicity (water column contamination) and their persistence
(surface contamination).
Surface contamination
Concentrations of hydrocarbon floating on the surface are relevant to assessing and describing the consequences of coating emergent
reefs, vegetation in the littoral zone and shoreline habitats, as well as the risk to wildlife found on the water surface, such as marine
mammals, reptiles and birds. Floating hydrocarbons are also visible at relatively low concentrations (> ~ 0.05 g/m2). Hence, the
area affected by visible hydrocarbons, which might trigger social or economic impacts, will be larger than the area where biological
impacts might be expected. Different researchers have identified different thresholds for the effects of floating hydrocarbons,
ranging from 10g/m2 (French, 2000) to 25g/m2 (Koops, Jak and van der Veen, 2004). This reference case requires that 10g/m2
is used for predicting surface contamination consequences of hydrocarbon releases because 10g/m2 is the level at which diving
seabirds will be affected by surface contamination and it’s the more conservative of the two references provided above.
Water column contamination
Released hydrocarbons can be entrained into the water column from surface slicks due to wind and wave-induced turbulence.
Entrainment presents many possible mechanisms for exerting exposure on receptors. The entrained oil droplets may contain soluble
compounds, hence have the potential for generating elevated concentrations of dissolved hydrocarbons (e.g. if mixed by breaking
waves against a shoreline). Physical and chemical effects of the entrained oil droplets have also been demonstrated through direct
contact with organisms, for example through physical coating of gills and body surfaces, and accidental ingestion (NRC, 2005).
Entrainment effect thresholds are derived from dissolved aromatic hydrocarbon effect thresholds which can be established through
detailed ecotoxicology testing. As indications of increasing consequence on different receptors, thresholds for concentrations
of entraining hydrocarbon can be defined at 10 parts per billion (ppb), 100 ppb, and 500 ppb. A review of the concentrations
of entrained hydrocarbons at which toxic effects have been demonstrated in laboratory studies show wide variation depending
on the test organism, duration of exposure, oil type and the initial oil mixture (i.e. nominal loading rates of hydrocarbon versus
measured concentrations) (Clark et al., 2001; NOAA, 2001; Gulec and Holdway, 2000; Gulec et al., 1997; Barron et al., 2004).
According to a review by IRC (2011) of Group II (MGO) hydrocarbons toxicity to the marine environment, a contact threshold of
500ppb was found to be highly conservative for a range of species including crustaceans, molluscs, echinoderms and fish.
This reference case uses 500 ppb for predicting water column contamination consequences of hydrocarbon releases because five
out of six indicator species in ecotoxicology testing showed no observed effect from hydrocarbons below this concentration.
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Dissolved aromatic hydrocarbons are found in most hydrocarbons. Because the toxicity of dissolved aromatic hydrocarbons to
aquatic organisms increases with time of exposure, organisms may be unaffected by brief exposures to a given concentration
but affected at long exposures to the same concentration (French-McCay, 2002). This is because the concentrations of
hydrocarbons build up in the tissues of biological receptors from either long-term exposure or repeated exposure to sub-lethal
concentrations. However, these components are in such small concentrations in refined hydrocarbons that their effect in the
marine environment is negligible. As such, dissolved aromatic hydrocarbons are not discussed further in this reference case.
Having set thresholds for understanding the consequences of surface and water column affects it is possible to predict the
extent and duration aspects of the consequences from a hydrocarbon release.

Consequence extent
Each accidental release of hydrocarbon will extend and persist to variable extents depending on the prevailing weather
conditions such as wind direction, currents, water and air temperatures. Therefore, it is important to get an accurate prediction
of the extent of effects from an accidental release of hydrocarbon during many different scenarios. This is typically achieved by
undertaking quantitative analysis of numerous individual release events and plotting them over one another in a stochastic
model. Due to the scope of this reference case modelling numerous events from a single location would be unrepresentative
of the types of releases. Therefore, the titleholders involved in the development of this reference case shared their modelling
results from 26 different modelled outputs of hydrocarbon releases to create the most representative aggregate picture of the
geographical extent of an accidental release of hydrocarbons.
The 26 outputs analysed were only for hydrocarbons within the scope of this document and catered for the following variables
which make the predictions representative of any accidental release of hydrocarbons within the scope of this reference case:
-

All offshore petroleum locations across Australia predominantly from the north west coast and Bass Strait;

-

All summer, winter, and transitional season prevailing conditions;

-

Tropical, temperate and cold-water temperatures;

-

Air temperatures ranging from 15ºC to 30ºC;

-

Between 100-250 separate release events in each model result;

-

The release events in each model were run for between 20 and 40 days;

-

A release duration ranging from instantaneous to 6 hours;

-

Release volumes ranging from 100m3 to 864m3; and

-

Thresholds used for shoreline contact ranged from 0.5g/m2 to 10g/m2.

The modelled outputs provided information on floating and subsurface concentrations. Figure 3 shows the plot of all modelled results
in terms of the release volume modelled and the distance surface hydrocarbons >10g/m3 travelled. Excluding the outlier results from
the models run on release volumes of 864m3 there was no surface impact above thresholds beyond 150km from the source of the
spill. These results have been used to set the limits of this reference case to only considering hydrocarbon spills of less than 700m3.
Figure 3 - Plot of all modelled results in terms of the release volume modelled and the distance surface
hydrocarbons travelled
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To be clear about the application of this reference case, if a titleholder has identified a maximum release volume from their
activity less than 700m3 then these results show that surface impacts will occur within a 150km boundary around the
petroleum activity and describe the features of the environment within that boundary. If a titleholder identifies a maximum
release volume from their activity of greater than 700m3 then the boundary is less certain. It is recommended that predictive
modelling be completed to ascertain the boundary in these circumstances.
The models also showed that entrained concentrations above thresholds generally travelled with the prevailing currents which
tend to oscillate and run longitudinally to coastlines. Entrained hydrocarbons > 500 ppb (threshold) are expected at the release
point and can extend beyond 150 kilometres from the release site.
However, while sub-surface entrained and dissolved hydrocarbons may travel beyond 150km from the immediate discharge
location, most of the models showed the greatest concentration of hydrocarbons remained within the top few metres of the
water column and closer to the release site.
Given that the greatest concentrations of hydrocarbons remain in the top few metres, shoals and reefs, and demersal fauna
located in waters below 10m water depth are unlikely to be affected by entrained and dissolved hydrocarbons. To be clear
about the application of this reference case, surface receptors, subsurface receptors within the top 10m of the water column up
to 150km should be considered in the titleholders’ environment plans.

Consequence duration
The most frequently used method to predict the duration of a hydrocarbon release is the Automated Data Inquiry for Oil Spills
(ADIOS®) software developed by the National Oceanic and Atmospheric Administration (NOAA). ADIOS is NOAA’s oil weathering
model and is freely available online. ADIOS is a tool that models how different types of hydrocarbons undergo physical and
chemical changes in the marine environment. Working from a database of more than a thousand different crude oils and
refined products, ADIOS quickly estimates the expected characteristics and behaviour of spilled oil. Its predictions are designed
to help decision-makers develop clean-up strategies based on estimates of how long spilled oil will remain in the environment.
Twelve predictions were made for the purposes of this reference case with the parameters of these predictions in Tables 1 - 4
(the variable in each model is italicized and underlined). These predictions cater for two main variables; water temperature
(at 10, 20 and 30ºC) and wind speeds at (5, 10, 15, and 20 metres per second). In all cases conservative parameters were
input to create scenarios of the greatest consequence.
Table 1 - ADIOS inputs and results at wind speeds of 5m/s and varying the water temperature
Parameter

Model 1

Oil Type

Diesel fuel oil (Southern USA 1994); specific gravity 0.85

Release Information

700 m3 instantaneous release volume

Water Properties

Temperature = 10ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 20ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 30ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Wind/ Wave
Conditions

Wind Speed = 5 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 5 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 5 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Result
(Spill Duration)

Duration = 144 hours
Evaporation % = 23%
Dispersed % = 77%

Duration = 144 hours
Evaporation % = 30%
Dispersed % = 70%

Duration = 144 hours
Evaporation % = 40%
Dispersed % = 60%
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Table 2 - ADIOS inputs and results at 10ºC and varying the wind speed
Parameter

Model 1a

Model 1b

Model 1c

Oil Type

Diesel fuel oil (Southern USA 1994); specific gravity 0.85

Release Information

700 m3 instantaneous release volume

Water Properties

Temperature = 10ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 10ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 10ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Wind/ Wave
Conditions

Wind Speed = 10 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 15 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 20 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Result
(Spill Duration)

Duration = 40 hours
Evaporation % = 12%
Dispersed % = 88%

Duration = 24 hours
Evaporation % = 5%
Dispersed % = 95%

Duration = 18 hours
Evaporation % = 4%
Dispersed % = 96%

Table 3 - ADIOS inputs and results at 20ºC and varying the wind speed
Parameter

Model 2a

Model 2b

Model 2c

Oil Type

Diesel fuel oil (Southern USA 1994); specific gravity 0.85

Release Information

700 m3 instantaneous release volume

Water Properties

Temperature = 20ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 20ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 20ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Wind/ Wave
Conditions

Wind Speed = 10 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 15 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 20 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Result
(Spill Duration)

Duration = 40 hours
Evaporation % = 16%
Dispersed % = 84%

Duration = 24 hours
Evaporation % = 10%
Dispersed % = 90%

Duration = 18 hours
Evaporation % = 6%
Dispersed % = 94%

Table 4 - ADIOS inputs and results at 30ºC and varying the wind speed
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Parameter

Model 3a

Model 3b

Model 3c

Oil Type

Diesel fuel oil (Southern USA 1994); specific gravity 0.85

Release Information

700 m3 instantaneous release volume

Water Properties

Temperature = 30ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 30ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Temperature = 30ºC
Salinity = 32 ppt
Sediment Load = 5g/m3
Current Speed = 1 kt

Wind/ Wave
Conditions

Wind Speed = 10 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 15 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Wind Speed = 20 m/s
Wave height = Computed
Wind Uncertainty = ±10 m/s

Result
(Spill Duration)

Duration = 40 hours
Evaporation % = 22%
Dispersed % = 78%

Duration = 24 hours
Evaporation % = 14%
Dispersed % = 86%

Duration = 18 hours
Evaporation % = 7%
Dispersed % = 93%
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The ADIOS predictions show that the fate of refined hydrocarbons (within scope of this reference case) remain in the marine
environment as a function of wind speed more so than seawater temperature. The longest duration predicted (144 hour or 6 days)
was at water temperatures of 10ºC and a wind speed of 5m/s, which is considered a gentle breeze on the Beaufort scale.  
At the same water temperature, a wind speed of 20m/s (Beaufort scale 8, gale) the duration reduced to a predicted 18 hours.
The predictions show that there is greater evaporation at higher seawater temperatures and higher dispersion at high wind speeds.

Details of consequences
This section is provided as general guidance for titleholders. The text is written at the appropriate level of detail to ensure that
an assessment completed by the titleholder is appropriate to the nature and scale of the risk of an accidental release of refined
hydrocarbon to the marine environment. The specific environmental context of an activity should be compared to this section to
ensure that all values and sensitivities that may be affected have been considered.
In general, spilt refined hydrocarbons affect any environmental receptor through a persistent smothering or an acute toxicity
pathway. Hydrocarbons within the scope of this reference case are predominantly volatile, with a much smaller proportion of
persistent hydrocarbon content. The accidental release of hydrocarbons would affect water quality. Given the hydrocarbons
within scope of this reference case are 95% non-persistent, the toxic effects are more important to understand. This point is
reinforced by the results of the ADIOS modelling undertaken. Therefore, any marine receptor resident in the water column which
could be exposed to hydrocarbons through a surface, entrained or dissolved pathway may be affected.
Environmental receptors identified in the reference case which may be exposed to the accidental release of hydrocarbons
include those marine fauna that live or use surface waters, e.g. plankton, seabirds and shorebirds, turtles, pinnipeds and marine
mammals. This can include those species protected under the EPBC Act. Social receptors include the primary industries such
as fishing and aquaculture, industrial water uses as well as the recreational and aesthetic values of an area. The following
paragraphs generically describe the effect of hydrocarbons on these receptors generally encountered. Titleholders using this
reference case will need to ensure that their description of environment for the specific activity being covered is sufficient for all
impacts and risks in their Environment Plan.
Seabirds
Seabirds roam over large areas of the ocean diving into the water to feed or resting at the surface and will be affected by
surface slicks. Oil is soaked up by seabird feathers breaking down their thermal insulation and buoyancy properties preventing
them from flying or feeding. Seabirds also ingest oil when they preen themselves which damages their gut. Starvation, cold,
poisoning or shock can result in mortal injury. Some birds are more sensitive than others. The impact to local bird populations
can be serious and result in reduced populations which may take years to recover.
Shorebirds
Shorebirds inhabit sandy beaches, rocky shores and intertidal flats and include many species of migratory and resident waders.
An estimated 2 million waders migrate to Australia each summer from the northern hemisphere via the East Asian-Australasian
flyway. These waders breed in the northern hemisphere (e.g. northern China, Mongolia, Japan, Alaska and Siberia) and travel
to Australia to feed and escape the northern winters. Australia is a signatory to international treaties aimed to protect these
species (e.g. JAMBA/CAMBA) and their wetland habitats (Ramsar). These species are at greatest risk from hydrocarbon
stranding on beaches and intertidal feeding grounds and at high-tide roosting sites where large numbers congregate.
Shorebirds feed on infauna inhabiting intertidal flats (e.g. polychaetes, gastropods, crustaceans) and hydrocarbon spill impacts
on these important feeding grounds can have a flow-on impact to shorebird populations. This is a risk if spills occur either at
the time migratory birds first arrive or are attempting to put on weight before departing for the northern hemisphere.
Marine Mammals
Marine mammals include whales, dolphins, dugongs and seals. Whales and dolphins could be susceptible to impacts from
fumes if they surface amongst a hydrocarbon slick or the hydrocarbon may be absorbed through their skin if they encounter
the hydrocarbon. While there have only been limited reports of whale and dolphin fatalities attributed to oil spills these species
typically live in socially organised groups and injury or death to a key individual could have serious consequences to the
stability of the school or pod. Whales will be at risk from surface slicks when they are calving in sheltered nearshore areas. Seal
colonies located on small rocky islands in the southern waters of Australia may host very large numbers of seals which feed in
the nearby waters and can roam for large distances. Seals are at risk from surface slicks and from oil stranding on the rocky
shorelines of their colonies. Potentially thousands of seals could be impacted by a spill affecting some of the larger colonies and
the vulnerability increases during the annual pupping season when large numbers of young seals inhabit the coastal zone.
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Turtles
All the sea turtle species found in Australian waters are protected by Federal and State/Territory legislation. Sea turtles can encounter
surface slicks or can consume contaminated prey species. Sea turtles are also at risk from oil stranding on beach nesting sites during
the breeding season. Newly hatched turtles may become oiled and when they try to move across the beach into the water.
Fish
Fish are at risk from dissolved hydrocarbons and entrained hydrocarbons in the water column. Some fish are attracted to
floating objects at sea and may congregate under slicks. However, adult fish also have very sensitive sensory organs, so they
‘detect’ the oil in the water and may avoid the areas of a spill where hydrocarbons are present in the water column. It is rare
to have large fish kills due to marine oil spills as hydrocarbon levels at sea are unlikely to reach lethal concentrations. Adult fish
are most vulnerable in enclosed bays and estuaries where hydrocarbon levels in the water can be concentrated. Juvenile fish,
are also more vulnerable since they often live in shallow near shore areas, known as ‘nursery areas’, until they become adults.
If oil is dispersed into the water in shallow areas with low flushing rates, the increased hydrocarbon concentrations could have
severe effects on juveniles and could result in long term impacts on adult fish stocks. Fish that have been exposed to oil will be
tainted and unsuitable for human consumption.
Plankton
Plankton are drifting organisms which are the basis of the marine food chain and includes eggs and larvae of fish and other
animals. Plankton species are sensitive to toxic effects of oil at low concentrations and large numbers of planktonic organisms may
be affected, particularly if the concentration of oil in the water column is increased by wave action. However, the long-term effects
on the plankton are likely to be small, even on the larvae of fish. It seems that the natural mortality of fish eggs and larvae is likely
to be much greater than mortality from oil (only a small percentage of the millions of eggs laid by female fish go on to become
adults). Furthermore, the eggs and larvae of any species are usually spread out over a much larger area than the area affected
by oil and most planktonic species reproduce very rapidly, so depletion is only likely to be a short-term effect. However, it is
possible, in a worst-case scenario, for the effects on the plankton to lead to some longer-term effects in near shore areas.
Plankton communities have a naturally patchy distribution in both space and time (ITOPF, 2011). They are known to have
naturally high mortality rates (primarily through predation), and given the physical properties of the hydrocarbons, any exposure
is expected to be limited in duration as the hydrocarbon evaporates and disperses via surface spreading and entrainment.
Once background water quality conditions have re-established, the plankton community may take weeks to months to recover
(ITOPF, 2011), allowing for seasonal influences on the assemblage characteristics).
Coastal Habitats
The coastal zone is characterised by a diverse range of habitats. Shoreline sensitivity is typically ranked according to the likely
persistence of stranded oil, with low energy shorelines where oil may persist longer having a higher sensitivity than high energy
rocky shores. Highly sensitive coastal habitats include mangroves, saltmarsh, intertidal seagrass and mudflats. The potential
coastal impact zone is increased at regions with large tidal variations or where extreme weather forces oil into the backshore.
Coastal habitats support a complex ecosystem and damage to these habitats is likely to have flow-on effects to the many
organisms which inhabit them.
ECONOMIC AND SOCIAL RESOURCES
Amenity Beaches
The impacts of oiled beaches on the tourist industry are obvious, but it is also possible that just the threat of a spill in a tourist
area could result in lost bookings for hotels. However, the tourist industry in some areas may be seasonal; and during the
winter off-season the sensitivity of a tourist beach may be reduced, and these beaches could be used as containment and
collection areas to aid recovery of oil.
Water Extraction
If hydrocarbons threaten cooling water intakes and into the heat exchangers, power stations may need to be shut down.
Desalination plants are even more sensitive, and the results may be severe for local populations having reduced freshwater
supplies. Water extraction is also used by some salt works, aquaculture industries and marine aquaria, which have high
standards of water purity. Dispersed hydrocarbons in the water could kill their stock/ exhibits.
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Fishing
Even if fish stocks are not affected directly by a hydrocarbon spill the commercial and recreational fishers may still be unable
to fish while there is hydrocarbon on the water. Loss of reputation for a fishery due to community concerns about fish tainting
may also result in a reduced demand for fish from areas affected by a hydrocarbon spill. The resulting economic loss to fishing
communities may be serious, particularly if there is only a short-licensed fishing season. Even more serious in some areas is the
problems for artisan or subsistence fishermen who need the fish catch for essential food.
Actual or potential contamination of seafood can affect commercial and recreational fishing, however for an accidental hydrocarbon
release from vessel operations, the duration of exposure is generally not expected to be long enough to cause substantial effects
given the rapid spreading, dispersion and dilution from oceanic currents. Although exclusion zones may be set up to prevent access
to these areas whilst the hydrocarbons disperse, this would only cause a temporary (in days) exclusion to specific areas.
Aquaculture
Aquaculture activities include cultivation of a range of species including fish, prawns, shellfish, oysters and seaweeds. Aquaculture
production facilities can be either located in the marine environment such as fish cages and racks or be in backshore lagoons
or tanks supplied with seawater by intake pipes or small canals with sluice gates. Consequently, aquaculture facilities are highly
vulnerable to hydrocarbon spill impacts as they may be coated by floating oil and the cultivated species are unable to avoid
contact with hydrocarbons in the water column. While the oil may not kill the cultivated animals, tainting of seafood can occur
rapidly with even very low concentrations of hydrocarbons in the water. Tainting is where fish/shellfish absorb hydrocarbon from
the water and its flesh has an oil odour or flavour when eaten. Tainted fish will be unacceptable to the market and may need to
be dumped. If left in clean water for a few weeks the tainting will gradually disappear, but that may not be possible if the fish
are ready for market. Tainting may also pose a potential human health risk; however, humans are very sensitive to the taste of
oil, and the taste would be obvious at concentrations much lower than would be a health risk. If the cages/racks are oiled, they
will be very difficult to clean and expensive to replace.

Consequence summary
Hydrocarbon releases are severely detrimental to ecosystem health. The analysis includes aggregation of 26 modelling
runs with a total of at least 26,000 replicate spills off the coasts of Western Australia, the Northern Territory and Victoria.
The analysis catered for cold, temperate, and tropical water conditions found in the Commonwealth Marine Area. The analysis
shows that the environment that may be affected could extend up to 150km from the release site. Within this area there
are likely to be affects to shorelines and sensitivities within the top 10m of the water column. The prevailing conditions will
determine the time window where an exposure pathway exists between surface receptors and any slick. From the predictions
of duration made this is estimated to be extend to a maximum of six days after the release in the most benign weather
conditions. A hydrocarbon release could be significant for many receptors and the effects are wide ranging but reversible.
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References and
Additional Guidance
Material
This Appendix provides further information to support the EIA content in the reference case, as well as assistance to title holders
on how they may achieve compliance with requirements. The information in this Appendix should be used as a guide only.
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