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Figure 1.1 The release location for spill scenario 9.
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2 OIL CHARACTERISTICS 

2.1 Overview 

The characteristics of Torosa Condensate were provided by Woodside and are summarised in Table 2.1. 

 

Table 2.1 Characteristics of the oil mixtures used in the modelling. 

Oil Type 
Density 
(g/cm3) 

Viscosity 
(cP) 

Component Volatile (%) 
Semi-

volatile (%) 
Low 

volatility (%) 
Residual Aromatics 

Boiling point 
(°C) 

<180 

C4 to C10 

180-265 

C11 to C20 

265-380 

C16 to C20 

>380 

>C20 

Of whole oil 

<380 BP 

Torosa 
Condensate 

0.6866 at 
6 °C 

0.54 at 
6 °C 

% of total 61.4 20.2 7.4 11.0 15.4 

% aromatics 9.5 3.1 2.8 - - 

 

Atmospheric weathering will commence when oil droplets float to the water surface. Typical evaporation times 
once the hydrocarbons reach the surface and are exposed to the atmosphere are: 

• Up to 12 hours for the C4 to C10 compounds (or less than 180 °C BP). 

• Up to 24 hours for the C11 to C15 compounds (180-265 °C BP). 

• Several days for the C16 to C20 compounds (265-380 °C BP). 

• The residual compounds (BP > 380 °C) will resist evaporation and will require the slower process of 
degradation (photo and biological) to degrade. 

The actual fate of released oil in the marine environment will depend greatly on the amount of oil that reaches 
the surface, either through the initial release or by rising after discharge in the water column. The droplet-size 
distribution of condensate that reaches surface will also have a large influence, through affecting the surface 
area presented to evaporation and dissolution and the susceptibility of the droplets to wave-induced 
entrainment. 

2.2 Torosa Condensate 

Torosa Condensate (API 75) contains a low proportion (~ 11% by mass) of hydrocarbon compounds that will 
not evaporate at atmospheric temperatures. These compounds will persist in the marine environment.  

The unweathered mixture has a low dynamic viscosity (0.54 cP) so that the fluid condensate will flow easily to 
form thin sheens if the condensate is on the water surface. Low levels of wave energy would be required to 
break up and entrain any surface films that form at the sea surface. The pour point of the whole oil is 12 °C 
indicating that the fluid will remain in a liquid state over the annual temperature range observed on the Timor 
Sea. 

The mixture is composed of hydrocarbons that have a wide range of boiling points and volatilities at 
atmospheric temperatures, and which will begin to evaporate at different rates on exposure to the atmosphere. 
Evaporation rates will increase with temperature, but in general about 61.4% of the oil mass should evaporate 
within the first 12 hours (BP < 180 °C); a further 20.2% should evaporate within the first 24 hours 
(180 °C < BP < 265 °C); and a further 67.4% should evaporate over several days (265 °C < BP < 380 °C).  

Selective evaporation of the lower boiling-point components will lead to a shift in the physical properties of the 
remaining mixture, including an increase in the viscosity and pour point. No information has been made 
available to allow judgement as to whether the residual mixture, representing a small proportion (11% by mass) 
of the whole mixture, will solidify as it weathers.  

The whole oil has low asphaltene content (< 0.5%), indicating a low propensity for the mixture to take up water 
to form water-in-oil emulsion over the weathering cycle.  
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Soluble aromatic hydrocarbons contribute approximately 15.4% by mass of the whole oil, with a large 
proportion (9.5%) in the highly volatile and soluble C4-C10 range of hydrocarbons. The fate of these 
compounds would vary depending upon the spill scenario. These compounds will evaporate rapidly from 
surface films as well as from droplets of condensate that are entrained in the highly mixed surface layer (upper 
few metres), reducing the potential for dissolution into the water if the condensate mixture is at the water 
surface or suspended in the upper metre of the water column. If the condensate droplets were trapped in 
deeper density layers, a high rate of dissolution would occur.  
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3 WEATHERING CHARACTERISTICS 

3.1 Overview 

A series of model weathering tests were conducted to illustrate the potential behaviour of the condensate, if 
released onto the water surface and exposed to idealised and representative environmental conditions. 

• Instantaneous release onto the water surface of 50 m3 under calm wind conditions (constant 5 knots), 
assuming low seasonal water temperature (27 °C) and average air temperature (25 °C). Slick also subject 
to ambient tidal and drift currents. 

• Instantaneous release onto the water surface of 50 m3 under variable wind conditions (4-19 knots, drawn 
from representative data files), assuming low seasonal water temperature (27 °C) and average air 
temperature (25 °C). Slick also subject to ambient tidal and drift currents. 

The first case is indicative of cumulative weathering rates under calm conditions that would not generate 
entrainment, while the second case represents conditions that could cause degrees of entrainment. Both 
scenarios provide examples of potential behaviour during periods of a spill event for condensate that floats to 
the surface and forms a surface film. 

3.2 Weathering calculations for release onto surface 

The mass balance forecast for the low-wind case (Figure 3.1) indicates rapid evaporation of Torosa 
condensate over the first 6 hours and then progressively slower evaporation over the following days. 
Approximately 81% of the oil is predicted to evaporate within the first 12 hours. Under these calm conditions, 
most of the remaining oil will stay on the water surface and will evaporate at a slowing rate due to shift of the 
remaining mixture towards longer-chain compounds with higher boiling points. Weathering of the residual 
compounds will slow significantly, subject to more gradual decay through biological and photochemical 
processes.  

Under the variable, and stronger, wind case (Figure 3.2), significant levels of entrainment into the water column 
are forecasted, with a resultant decrease in the mass of oil floating on the surface and a small decrease in the 
proportion that evaporates. Approximately 24 hours after the spill, around 19% of the oil mass is forecast to 
have entrained and a further 76% is forecast to have evaporated, leaving less than 0.3% of the oil floating on 
the water surface. The increased level of entrainment in the variable-wind case will result in a higher dissolution 
of the soluble compounds. However, the proportion of mass that is dissolved is forecasted to remain low 
(~ 3.3% of the original mass) after 12 hours, in comparison to < 0.03% in the low-wind case. 

The proportion of the spill volume that entrains will vary with the timing of the release relative to sea conditions. 
Entrainment would occur more rapidly if the spill occurred when winds exceed more than a moderate breeze 
(> 9-10 m/s), generating breaking waves on the ocean surface. Higher rates of evaporation would occur under 
calmer conditions, reducing the mass available for entrainment. 
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Figure 3.1 Proportional mass balance plot representing the weathering of Torosa Condensate spilled onto the 
water surface as a one-off release (50 m3) and subject to a constant 5 kn (2.6 m/s) wind at 27 °C water 

temperature and 25 °C air temperature.
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Figure 3.2 Proportional mass balance plot representing the weathering of Torosa Condensate spilled onto the 
water surface as a one-off release (50 m3) and subject to variable wind at 27 °C water temperature 

and 25 °C air temperature. 
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4 SUBSURFACE DISCHARGE CHARACTERISTICS 

4.1 Overview 

When oil and gas are released from subsea, at pressure, through a restriction, a jet of oil droplets and gas 
bubbles will be generated. The momentum of the jet will quickly dissipate (within a few metres) and a two-
phase buoyant plume will evolve. The high buoyancy of the gas bubbles will drive the entrainment of a plume 
of well fluids towards the surface. The displacement set up by the vertical movement will entrain water from 
the surrounding water column to set up an expanding fluid plume consisting of oil droplets entrained within 
seawater and any water contributed from the source. The gas bubbles will expand with reduction of pressure 
but will then fracture into smaller droplets as they rise, maintaining a relatively small size distribution (< 20 mm) 
that will result in relatively rapid dissolution of the natural gas into the surrounding water. The net buoyancy of 
the rising gas will initially accelerate the rising plume of well fluids and seawater towards the surface but will 
then slow due to reduction of the net gas volume to dissolution as well as the rising relative density of the liquid 
plume as the colder water from the seabed depth rises into the warmer water at shallower depths.  

If the release initiates in relatively shallow water (100-200 m) with a high gas to oil ratio, the well fluid plume is 
likely to be lifted to the water surface at relatively high speed (> 5 m/s), generating an energetic geyser with 
high agitation due to gas passing through into the atmosphere around the geyser. The rising plume of oil 
droplets suspended in water will be displaced laterally setting up an energetic mixing zone around the geyser 
where entrained droplets will be suspended in the upper 2-3 m beneath the water surface. Once the energy of 
the displaced plume is spent, the fate of the droplets will be subject to the prevailing sea conditions, which will 
be subject to the local wind speeds, as well as the size-distribution of the droplets. The droplets will be 
positively buoyant, which will drive rise towards the surface, but the rise will be resisted by the viscosity of the 
water column so that smaller droplets with a higher surface area to volume ratio will rise slower than larger 
droplets with a lower surface area to volume ratio. Wave action will overcome the droplet buoyancy and will 
mix droplets downwards. 

If the release occurs in deeper water, and/or the gas to oil ratio is low, the density of the rising plume of 
entrained seawater and entrained oil droplets may exceed the buoyancy lift generated by the gas bubble plume 
at a depth below the water surface and the fluid plume will separate from the gas phase. The rise of oil droplets 
from this lower depth will then be subject the lower relative buoyancy of the oil droplets, viscous resistance 
imposed by the water column and, in some situations, density stratification of the water column. 

The SIMAP model requires information on the size-distribution of the oil droplets and the vertical distribution 
of the oil droplets after the evolution of the above processes, dependent upon the release scenario. The vertical 
rise of the gas bubbles and oil droplets was calculated using the OILMAP Deep blowout model (Spaulding et 
al. 2017). The size-distribution of the droplets was calculated using the SINTEF blow-out formulations 
(Johansen, 2003, Johansen et al. 2013a, 2013b), which have been shown to be more accurate for releases 
involving high gas to oil ratios. 

4.2 Calculations for subsea release phase of Scenario 9 

The input parameters for the OILMAP-Deep and the SINTEF models and the calculations of those models that 
were used as input to SIMAP are presented in Table 4.1. The model input into OILMAP-Deep also included 
temperature and salinity profiles representative of the release location to represent the density profile. 

The calculations indicate that the release scenario will generate a cone of rising gas bubbles that will entrain 
the oil droplets and ambient sea water to a depth of approximately 234 m below the surface before the gas 
would likely separate. The mixed plume was initially forecast to rise towards the water surface with a vertical 
velocity of around 7.5 m/s, gradually slowing with an increasing plume diameter as more ambient water is 
entrained. The terminal velocity of rising water and condensate at the point of surfacing was calculated at 
approximately 2.2 m/s, setting up a circular displacement plume surrounding a central plume diameter of 
approximately 54 m. 

The average droplet size-distribution of the entrained oil in the displacement plume was calculated to be 
relatively large (range from 2,660 μm [median of the smallest 20%] to 9,582 μm [median of the largest 20%]) 
due to the relatively low rate of release relative to the hole-size. 

These droplets will be subject to dissolution at the surface layer and the lateral displacement of the rising 
plume. The relatively large size of the droplets indicates that droplets would tend to rise to the surface beyond 
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Figure 5.1: Predicted annualised probability of floating oil concentrations at or above 1 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.2: Predicted annualised probability of floating oil concentrations at or above 10 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.3: Predicted annualised probability of floating oil concentrations at or above 50 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.4: Predicted annualised minimum times to contact by floating oil concentrations at or above 1 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.5: Predicted annualised minimum times to contact by floating oil concentrations at or above 10 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.6: Predicted annualised minimum times to contact by floating oil concentrations at or above 50 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.7: Predicted annualised EMBA of floating oil concentrations at or above 1 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.8: Predicted annualised EMBA of floating oil concentrations at or above 10 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.9: Predicted annualised EMBA of floating oil concentrations at or above 50 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.10: Predicted annualised smoothed EMBA of floating oil concentrations at or above 1 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.11: Predicted annualised smoothed EMBA of floating oil concentrations at or above 10 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.12: Predicted annualised smoothed EMBA of floating oil concentrations at or above 50 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.13: Predicted annualised probability of shoreline oil concentrations at or above 10 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.14: Predicted annualised probability of shoreline oil concentrations at or above 100 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.15: Predicted annualised probability of shoreline oil concentrations at or above 250 g/m² resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.16: Predicted annualised probability of entrained oil concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 



REPORT 

604-MSOSCPER-352615  |  Woodside Browse Torosa C Quantitative Spill Risk Assessment  |  10 September 2024  |   Rev 1 

rpsgroup.com  Page 31 

 

Figure 5.17: Predicted annualised probability of entrained oil concentrations at or above 100 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 



REPORT 

604-MSOSCPER-352615  |  Woodside Browse Torosa C Quantitative Spill Risk Assessment  |  10 September 2024  |   Rev 1 

rpsgroup.com  Page 32 

 

Figure 5.18: Predicted annualised probability of entrained oil concentrations at or above 1,000 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.19: Predicted annualised minimum times to contact by entrained oil concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.20: Predicted annualised minimum times to contact by entrained oil concentrations at or above 100 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.21: Predicted annualised minimum times to contact by entrained oil concentrations at or above 1,000 ppb resulting from a 12-hour subsea release of 887 m³ of 

Torosa Condensate. 
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Figure 5.22: Predicted annualised EMBA of entrained oil concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.23: Predicted annualised EMBA of entrained oil concentrations at or above 100 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.24: Predicted annualised EMBA of entrained oil concentrations at or above 1,000 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa Condensate. 
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Figure 5.25: Predicted annualised smoothed EMBA of entrained oil concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.26: Predicted annualised smoothed EMBA of entrained oil concentrations at or above 100 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.27: Predicted annualised smoothed EMBA of entrained oil concentrations at or above 1,000 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.28 North-to-south cross section transect of predicted annualised maximum entrained oil concentration from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.29 West-to-east cross section transect of predicted annualised maximum entrained oil concentration from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.30: Predicted annualised probability of dissolved aromatic hydrocarbon concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of 

Torosa Condensate. 
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Figure 5.31: Predicted annualised probability of dissolved aromatic hydrocarbon concentrations at or above 50 ppb resulting from a 12-hour subsea release of 887 m³ of 

Torosa Condensate. 
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Figure 5.32: Predicted annualised minimum times to contact by dissolved aromatic hydrocarbon concentrations at or above 10 ppb resulting from a 12-hour subsea release 

of 887 m³ of Torosa Condensate. 
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Figure 5.33: Predicted annualised minimum times to contact by dissolved aromatic hydrocarbon concentrations at or above 50 ppb resulting from a 12-hour subsea release 

of 887 m³ of Torosa Condensate. 
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Figure 5.34: Predicted annualised EMBA of dissolved aromatic hydrocarbon concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.35: Predicted annualised EMBA of dissolved aromatic hydrocarbon concentrations at or above 50 ppb resulting from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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Figure 5.36: Predicted annualised smoothed EMBA of dissolved aromatic hydrocarbon concentrations at or above 10 ppb resulting from a 12-hour subsea release of 887 m³ 

of Torosa Condensate. 
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Figure 5.37: Predicted annualised smoothed EMBA of dissolved aromatic hydrocarbon concentrations at or above 50 ppb resulting from a 12-hour subsea release of 887 m³ 

of Torosa Condensate. 
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Figure 5.38 North-to-south cross section transect of predicted annualised maximum dissolved hydrocarbon concentration from a 12-hour subsea release of 887 m³ of 

Torosa Condensate. 
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Figure 5.39 West-to-east cross section transect of predicted annualised maximum dissolved hydrocarbon concentration from a 12-hour subsea release of 887 m³ of Torosa 

Condensate. 
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