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Despite stringent precautions, accidents can happen at sea, 
and at times oil may be spilled. Oil has the potential to cause 
significant environmental damage, especially if spilled near 
sensitive resources. Counter-pollution response measures are used 
where possible to minimise any damage that may be caused. Oil 
spill response techniques may appear straightforward; oil is spilt, 
oil floats on water, so corral the oil with booms and pick it up 
with skimmers, or disperse it into the sea if appropriate. In reality, 
the problems of responding to spilled oil at sea are never simple; 
spilled oil will spread out over a large area, the properties of the 
spilled oil change with time and the oil drifts with currents and 
the wind. Prevailing weather and sea conditions often impose 
severe limitations on the effectiveness of any response and the 
time available for response before the oil impacts a sensitive 
location is often very short.   

There can be a further unwelcome complication. What if the 
oil does not float, but sinks or submerges below the sea surface? 
This has happened at various locations around the world in the 
past and will almost certainly happen again. 

The Agency with responsibility for dealing with oil pollution 
at sea in UK waters is the Maritime and Coastguard Agency 
(MCA). Together with ITOPF (International Tanker Owners 
Pollution Federation), the MCA has sponsored a scientific study 
into the processes that can lead to sinking and submergence of 
oils, how we might predict this and how we can best respond to 

it. The study is being conducted by BMT Cordah Limited, Oil 
Spill Response Limited and the author, Alun Lewis.

Why oil does (and does not) float 
Mineral oils exhibit a wide range of physical and chemical 
properties. There are crude oils, fuel oils and refined oil products 
and many further sub-divisions within these three categories. 
Crude oils can be ‘light’ or ‘heavy’, there are distillate and 
residual fuel oils, and refined oil products cover a range from 
LPG to bitumen. Most, but not quite all, oils float on the sea 
because the density of the oil is less than that of seawater. Under 
standard conditions, the density of freshwater is 1.000 gm/ml 
and full salinity seawater is 1.025 gm/ml.

Oils that sink
Not many oils have a density higher than that of seawater, but 
there is one notable exception; a refined oil product used to 
make carbon black. It is a by-product of the ‘cat cracking’ process 
used to produce more gasoline from a crude oil. This oil has 
many names, but is often described as ‘slurry oil’ and has a typical 
density of 1.075 gm/ml. Slurry oil spilled at sea will sink. This 
happened to 30,000 tonnes of slurry oil off the coast of France 
in 1979 (from the oil tanker ‘Gino’).  In freshwater, on a river or 
lake for instance, several other oil types will sink if spilled. The 
maximum permitted density (according to the ISO 8217:2005 
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international standard) for the higher grades of bunker fuels, 
such as RMK 380, is 1.010 gm/ml. If spilled in freshwater 
this oil will sink. This has happened on several occasions, most 
notably in the Mississippi and Delaware rivers in the USA.

Oils that submerge
High-viscosity oils that have densities slightly lower than 
seawater tend to float low in the water as ‘rafts’ or ‘mats’ of oil. 
These can be over-washed by water due to wave action in some 
sea conditions. The patches of oil can be submerged below the  
sea surface, but not sink to the seabed, and can be out of sight 
for a high proportion of the time. Some oil spills have apparently 
disappeared for a time only to  ‘reappear’ as sea conditions  
have changed.

Oils that float and then sink
If there is a high sediment load in the seawater, for example  
near an estuary, an oil slick may float for a while and then sink as 
the sediment becomes attached to the oil. Spilled oil that drifts 
onto the shore often becomes remobilised on the next tide. In 
some cases the oil picks up enough shoreline substrate (e.g. sand) 
to become denser than the seawater and may then sink close to 
the shore.

Modelling these processes  
These oil behaviours (floating, sinking or submerging) have all 
occurred in the past and will undoubtedly happen again. It is 
therefore important to understand why this occurred so that 
their probability of occurrence in future incidents can be more 
reliably predicted. Some work has been done in the past 30 years 
but there remain gaps in the available knowledge.  Oil behaviour 
is generally a function of:

•   Initial oil properties (and how these change with time)

•  Water column factors

•  The prevailing sea conditions 

•  Proximity to the shore and the shoreline type

Existing computer models can forecast the drift of the spilled 
oil, the way in which the oil’s properties will change with 
time and the prevailing conditions. Algorithms (procedures or 
formulae to solve a problem) have been developed to relate 
the above factors and these can be developed to forecast the 
oil behaviour. The study for the MCA will suggest methods by 
which these algorithms can be applied to support decisions by 
response personnel. 

Responding to submerged/sunken spills
First find the oil
The first problem in responding to submerged or sunken oil 
spills is to locate the oil – otherwise it is clearly impossible to 
implement any meaningful response.

•  Where oil has sunk in very shallow water, it might be possible 
to see the oil on the seabed, but finding sunken oil in deeper 
water is more difficult. Sunken oil on the seabed can sometimes 
be detected by sonar, but the sound reflection characteristics  
of oil can be weak and the oil can be hidden if silt or sand 
covers it.

•  Submerged oil cannot be visually observed or detected by 
airborne or satellite remote sensing techniques (SLAR (Side 
Looking Airborne Radar) and IR (Infra-Red)) which are 
routinely used to locate spilled oil on the sea surface. 

Techniques for locating submerged and sunken oil are currently 
being evaluated by various organisations around the world. 
These include sonar-based, spectrometry and fluorosensor based 
techniques. 

Recovering sunken oils
If it is considered that the sunken oil poses a threat to the marine 
environment it will be necessary to remove the oil. In relatively 
shallow waters, divers can recover the oil, either manually or 
with the aid of suction pumps, but the rate of oil recovery can 
be slow. 

Dredgers can be used in deeper water (up to 50 metres depth), 
but tend to ‘recover’ a lot of seabed material in addition to the 
oil. ROVs (Remotely Operated Vehicles) have been used at 
some incidents and mini-submarines are being considered for 
recovering sunken oils.

Summary
Response to any oil spill can be challenging. Responding to 
spills of oils that sink or become submerged introduces another 
level of complication. Several organisations around the world are 
considering how to improve their response to incidents where 
the oil sinks or submerges. The study briefly described in this 
article has reviewed the available information and has developed 
an approach to modelling the behaviour of oils that could sink or 
become submerged.  This will enable the potential problems to 
be understood in more detail and allow the development of more 
effective response technologies. The study is due to be completed 
in February 2009. 
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