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1 EXECUTIVE SUMMARY 

This is the final report for the Maritime and Coastguard Agency research project RP595: 

“Tracking and predicting the behaviour of submerged and sunken oils and development of 

oil recovery techniques.” The project has been jointly funded by the International Tanker 

Owners Pollution Federation (ITOPF).  

The objectives of the study were: 

1. To identify key parameters and their comparative significance essential to devise 

algorithms to develop realistic modelling of the behaviour of partially submerged and 

sunken VHFOs in seawater. 

2. Develop a methodology to incorporate such algorithms into existing modelling 

capability. 

3. To determine appropriate and realistic oil recovery techniques for submerged and 

sunken oils  

1.1 Processes 

Five processes have been identified which can lead to spilled oil sinking or submerging at 

sea: 

1. The spilled oil density is greater than seawater and the oil sinks to the seabed.  

2. The spilled oil density is close to seawater and wave action causes it to become 

submerged for periods of time.  

3. The floating oil enters a region with high suspended sediment concentrations, mixes 

with sediment causing its density to increase and it sinks or submerges. 

4. Floating oil is stranded, picks up sediment and is remobilised at which point it sinks 

close to the shore. 

5. Oil burns and the residue sinks.  

There are only a few oils with a density greater than full salinity seawater. These are highly 

cracked oils known as slurry oil or carbon black feedstock. These have been observed to 

sink in rivers and the sea on spilling. Freshwater has a lower density than seawater and 

there have been more incidents of oil sinking in rivers than at sea. 
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Where spilled oil has a density close to that of seawater, it can be pushed below the sea 

surface for long periods of time by wave action. There are several oil products and some 

crude oils that have a density close to seawater. Emulsification and weathering of some oil 

types can also result in the weathered oil density becoming close to seawater. There have 

been several incidents where submergence by wave action has been observed.  

SL Ross has conducted tank tests and developed a model to predict when such oil would 

become submerged (SL Ross, 1987). This showed that the key characteristics for oil 

submergence were: 

·  The oil must have a density close to but less than water. 

·  The oil must be viscous enough to break into fragments of sufficient size to become 

over-washed.  

·  There must be sufficient wave energy to push the fragments below the water.  

The SL Ross model predicts both the periods when oil will become submerged and to what 

depth it will be submerged.  

Several incidents have occurred where oil is believed to have sunk following interaction with 

sediment in shallow water. This process is dependent on the oil density, sediment density, 

sediment concentration in the water column and sufficient wave energy to mix the oil and 

sediment.  

Various laboratory studies have been conducted to better understand sediment-oil 

interactions. Kirstein and Clary (1989) have developed a model that can predict when oil 

will sink into the water column and to the seabed following sediment-oil interaction. 

However, the model requires significant site specific data and would not be easily 

applicable to a more generic model (e.g. to cover the entire UK). More practical results are 

available from experiments conducted by Payne et al. (1987) which provide ‘rules of thumb’ 

regarding suspended sediment concentrations that can lead to sinking of oil: 

·  At suspended particulate matter (SPM) concentrations less than 10 mg/l, little sinking of 

oil is expected.  

·  At SPMs between 10 and 100 mg/l, significant sorption of sediment by oil can be 

expected (and sinking of oil) if sufficient mixing occurs.  

·  At SPMs greater than 100 mg/l, massive sinking of oil may be possible.  

A large number of incidents have occurred where oil has been observed to strand, 

remobilise and sink. It is not a phenomenon that occurs with all stranded oils and requires: 
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·  Suitably high density and high viscosity, ‘sticky’ oils. Lower viscosity oils tend to 

penetrate sediments, they cannot easily pick up sediment and are not as available on 

the surface for remobilisation. Light oils may not sufficiently penetrate sediment to allow 

them to incorporate it on refloating.  

·  Suitable shoreline substrate – sand or coarse material that allows some penetration of 

oil.  

·  A suitable period of time for oil to incorporate sediment, or mixing in the surf zone prior 

to stranding.  

Several studies on interaction between stranded oil and sediment have been conducted, 

and models have been developed. However, these have focussed on the volume of oil that 

can be retained by a shoreline rather than the amount of sediment incorporated by oil prior 

to remobilising. As with oil-sediment mixing in the water column, the models require a lot of 

site specific data and are not suitable for generic application. However, results from these 

studies could provide practical ‘rules of thumb’ for application in generic models.  

Sinking of the residue of burning oil has been observed in a few incidents. Calculation of 

the density and properties of the residue involved a large number of variables. Whilst this 

might be possible in individual incidents, the range of possible scenarios is very large and it 

would be difficult to create a generic model of the process.  

1.2 Modelling 

A modelling methodology has been prepared using the results of the review of the 

processes that can lead to oil becoming sunken or submerged.  

When developing this methodology, the emphasis has been on producing a practical tool to 

support spill responders, rather than a complex mathematical model which has limited use 

during a spill. Many of the models developed for the processes described have not been 

validated in real events, and some require a lot of incident (and site) specific data that it 

would not be practical to gather prior to a spill.  

It is also noted that there have been several spills where oil has probably become 

submerged but the disappearance of oil has been attributed to natural dispersion or other 

factors. One of the most important functions of the methodology was considered to be to 

highlight to responders that oil might become submerged.  

The new methodology is designed to allow addition of the algorithms to existing models. 

Most leading models are able to output the oil density and viscosity which are the main 

outputs required by the algorithms for sunken and submerged oil calculations.  
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In order to allow for uncertainty in accuracy of the results of the algorithms and ‘rules of 

thumb’ applied, it is proposed that three decision-supporting results are output by the 

system: 

·  A ‘traffic light’ output will indicate whether there is a High probability (Red), Medium 

probability (Amber) or Low probability (Green) of oil submerging. 

·  Text-based guidance will provide responders with more details of what the model is 

predicting, its likelihood of occurrence and the features that on-scene personnel should 

be asked to be alert for.  

·  The spill trajectory and dispersion graphical outputs should display both surface and 

sub-surface spills in parallel, so that responders are made aware that oil may be 

submerged even if this is not clear on-scene.  

The flow diagram for the proposed methodology is shown below (a larger version appears 

at Figure 12 of the report).  

Oil viscosity and 
SPM 

calculations
SL Ross model 

Submerged 
transport model 

(Existing) surface 
transport model 

Oil weathers
Oil mixes 

with sediment
Oil  strands

Alert: risk of 
submergence 

Floating 
Alert: risk 
of sinking

Seabed
transport model 

Oil density > 
water density?

No

Yes

Alert if risk 
of sinking 

Oil viscosity 
and substrate 
assessment

 

General approach to modelling oil sinking or submerging. 
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Due to its complexity, it is not proposed to consider burning oil. The other four processes 

are modelled as follows: 

·  Where oil density is greater than water, it is assumed to sink to the seabed, where 

transport models will be applied. Should the oil move into an area with higher seawater 

densities, the oil may rise again.  

·  Where oil density becomes close to that of the ambient water, the SL Ross model will 

be applied to determine whether (and to what depth) the oil will become submerged. 

Transport of the submerged oil will be modelled and the SL Ross model applied at each 

time step so that oil may rise again to the surface.  

·  Where oil can mix with sediment in the water column, the simple ‘rule of thumb’ derived 

from the work by Payne et al (1987, described above) will be applied. Below 10 mg/l 

SPM, a ‘green alert’ will be output, where SPM is between 10 and 100 mg/l an ‘amber 

alert’ will be given, and where SPM is greater than 100 mg/l a ‘red alert’ will be output. 

Given difficulties of calculating further sediment uptake once oil has sunk, and also near 

shore transport, there will be no mechanism by which the sunken oil will be transported 

or could resurface in the model.  

·  Where oil could strand, remobilise and then sink, there is a significant lack of data on 

which to base algorithms. A simple rule of thumb is proposed: if the oil has a viscosity 

greater than 20,000 cP and strands on a sand or shingle shoreline, responders will be 

alerted that the oil has a high probability (‘red alert’) of sinking if it remobilises.  

The model proposed in the methodology will require a number of data sets to be included: 

·  3D current data will be required for subsurface transport.  

·  Seawater density maps (or model outputs) will be required.  

·  Maps or model outputs of SPM concentration for UK waters will be required.  

The UK Met Office has developed (or is developing) operational forecast systems which 

could supply this data.  

1.3 Monitoring, detection and recovery 

Information on the techniques used to monitor, detect and recover sunken and submerged 

oils has been gathered through literature review, personal contacts and attendance at a 

sunken oils workshop. Techniques previously applied during incidents have been reviewed, 

as have techniques that are in the research or development phase and methods from 

related activities (e.g. dredging, mineral extraction).  
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It is notable that many references to previous sunken oil recovery and detection have 

focused on the causes of the incident and its management and costs, rather than 

techniques that were successfully used to recover oil.  

Detection and monitoring 

Techniques used to detect and monitor surface oil spills are generally not effective for 

sunken oils. Remote sensing techniques such as SLAR, UV and IR are not able to 

significantly penetrate water.  

Visual detection has been used to detect sunken oil in clear waters. Sunken oil can take 

many forms and may be mistaken for other material (e.g. weeds) so such observation 

should be undertaken by experienced personnel. Underwater video has been shown to be 

effective in areas where visibility is greater than 0.5m, but may not give a very wide field of 

view.  

A number of techniques have been developed and applied where sorbents are dropped into 

the water column and later removed to determine whether oil has been in contact with 

them. Sediment cores can be taken but only give patchy results.  

Sonar is often considered for mapping the distribution of seafloor oil. It has a number of 

benefits but post-processing can take time. The success of sonar applied during sunken oil 

incidents is difficult to ascertain because the results aren’t always reported. In cases where 

some assessment of effectiveness has been made, the results have been mixed and this is 

an area in which further studies are being made.  

CEDRE and the US Coastguard have independently undertaken studies to evaluate and/or 

develop detection systems for sunken oils. These have included sonar-based systems, 

those using mass spectrometers and fluorometers and laser line scanning systems. Of 

these the following technologies have shown the most promise and been selected for 

further studies: 

·  RESON Sonar System. This is a multibeam sonar system that positively identified over 

80% of the sunken oil targets presented to it. It can be attached to multiple platforms.  

·  EIC Fluorosensor. This uses fluorescence spectrometry to identify aromatic compounds 

in heavy oils. It is of small size and could potentially be attached to ROVs or other 

platforms.  

An important consideration for all detection systems is that, although they may identify the 

presence of oil at a particular moment, by the time recovery equipment is deployed, the oil 

may have moved. Therefore, the ability to combine detection and recovery equipment will 

provide a more effective response. 
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Containment 

The most common containment method for sunken and submerged oils has been the use 

of conventional booms. These can help to bring submerged oils to the surface, particularly if 

the oil has only been overwashed. Seabed booms have also been developed for sunken 

oils, although these are only experimental and have not been proven in real events.  

Trawl nets have proved effective in some incidents and nets have been specifically 

designed to recover heavy oils. Western Canada Spill Services have trialled fine mesh nets 

for submerged oil containment – so far these have not proved effective but further trials 

may be conducted using new concepts and materials.  

Several other techniques have been applied to contain submerged oil or protect sensitive 

areas such as water intakes. These include the use of bubble barriers and barriers using 

snares or other fabrics. Unfortunately, the effectiveness of these techniques has not been 

reported.  

Difficulties in detecting sunken and submerged oil limits the effectiveness of containment 

techniques.  

Recovery 

In many spills, recovery is attempted without containment. In these cases successful 

recovery has to rapidly follow detection.  

Techniques for recovery of oil from beaches are well advanced. Stranded oil has potential 

to sink and effective and rapid beach cleanup can help to prevent this. Although rapid 

beach cleaning can result in large quantities of additional waste (sand and beach debris), 

this may not exceed that which would be recovered during sunken oil recovery. In shallow 

water, sunken oil can be lifted from the seabed using venture lances (or vacuums) and 

recovered as it rises.  

Divers have been used in incidents to very efficiently recover oil. They have the benefit that 

they can both detect and recover simultaneously, unlike many other techniques, and 

minimise recovery of water and sediment. However, recovery is slow and there are a 

number of limitations on the duration and depth of the dive. Recovery rates can be 

increased through use of diver-directed venture lances, vacuums and other pumps – use of 

these systems (whether diver-directed or not) has been the most successful strategy for oil 

recovery in past incidents.   

Use of dredging equipment has been proposed and applied in several sunken oil incidents 

– such equipment is often more readily available than specialist oil recovery equipment. It is 

useful where oil needs to be recovered quickly to protect sensitive areas or guard against 
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spreading. A limitation of all dredging systems is that a large amount of sediment will be 

recovered and will need storage and treatment or disposal. It is difficult to recover less than 

a depth of 20cm of bed material using dredgers.  

Clamshell dredgers have been applied successfully to solidified oil. Barge-mounted 

excavator dredgers were used in the Erika incident to clear a 1500m2 heavily contaminated 

area over 10 days. Suction dredgers were also applied in less contaminated areas.  

Dredgers are generally limited to around 50m water depth but pneumatic dredgers can 

operate in greater water depths. These have been used to recover drill cuttings at the base 

of offshore installations and were applied for sunken oil recovery during the Haven incident. 

The Tornado Motion Technologies submerged oil recovery system is a tracked suction 

dredger which operates on the seabed via remote control. It is reported to produce less 

turbulence than other systems.  

Dredging is the fastest method of recovering sunken oil but also generates large volumes of 

water and sediment waste. In addition, the environmental benefit of oil removal against 

seabed disturbance needs to be considered.   

Remotely operated vehicles (ROVs) and mini submarines offer potential to recover oil from 

greater depths than is possible with divers. ROVs were deployed to hot tap to the hull of the 

Prestige at 3500m depth. Marine Pollution Control is trialling a mini submarine mounted 

suction recovery system – this currently requires the submarine occupant to detect oil but 

may include additional detection systems in future.   

Conclusions 

There are no systems that have proven very effective for the detection and monitoring of 

sunken and submerged oils. Two developmental systems are being assessed by the 

USCG, based upon sonar and fluorosensor systems. A general limitation of detection 

systems is that even if they can identify areas affected by sunken or submerged oil, this 

may have moved by the time containment or recovery equipment can be deployed. 

Development of effective mathematical tracking models could provide better support in this 

area.  

Conventional booms can effectively contain overwashed oil and trawl nets (or modified 

nets) have been used to collect submerged oils. A limitation in these systems is being able 

to detect where the oil is and then deploy containment systems rapidly.   

Where stranded oil may sink on remobilisation, rapid beach cleaning can help to prevent 

this. Rapid seabed cleaning can be achieved using dredging techniques but this also 

recovers a lot of sediment and water, and has potential to damage benthic ecosystems to a 
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greater degree than the original oiling. More selective cleaning can be achieved using 

divers or ROVs/mini submarines fitted with recovery equipment. These have additional 

benefits of allowing detection and recovery simultaneously but recovery will be slower than 

dredging.  

1.3.1 Recommendations 

The report contains 8 recommendations, which have been placed in order of priority.   

1. Further studies should be conducted to better understand how stranded oil can pick up 

sediment and sink on remobilising.  

2. Practical tests should be conducted that allow generic models to be developed that can 

consider the effect of oil mixing with sediment in the water column. 

3. Further work should be conducted to validate the SL Ross model (SL Ross, 1987) 

against real incidents (past or future).  

4. If near-shore movement of sunken oil is a concern, consideration to development of a 

generic model for near-shore sunken oil transport should be given.  

5. Recovery techniques have potential to cause more damage than the original oiling and 

consideration should be given to conducting a Net Environment Benefit Analysis prior to 

these operations (and to have benthic specialists available during the response).  

6. A ‘watching brief’ should be kept on detection technologies under test and development 

by the USCG, MPC and others mentioned in the report. 

7. Training of response personnel should be given to increase awareness of the potential 

for oil to submerge or sink and the situation in which this may occur. 

8. The MCA should consider adding procedures for sunken and submerged oil spill 

response to the National Contingency Plan.  

9. Consideration should be given to the formation of a team of experts to better assess 

and record the effectiveness of monitoring, detection, containment and recovery 

strategies at future sunken and submerged spills.  
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2 INTRODUCTION 

This is the final report for the Maritime and Coastguard Agency research project RP595: 

“Tracking and predicting the behaviour of submerged and sunken oils and development of 

oil recovery techniques.” The project has been jointly funded by the International Tanker 

Owners Pollution Federation (ITOPF).  

The report is divided into 3 sections, each covering one of the 3 aims of the study: 

1. To identify key parameters and their comparative significance essential to devise 

algorithms to develop realistic modelling of the behaviour of partially submerged and 

sunken VHFOs in seawater. This is covered in the section “Processes”. 

2. Develop a methodology to incorporate such algorithms into existing modelling 

capability. This is covered in the section “Modelling”. 

3. To determine appropriate and realistic oil recovery techniques for submerged and 

sunken oils. This covered in the section “Monitoring, Detection and Recovery”.  

The report also includes a section outlining recommendations for further work.  
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3 PROCESSES  

The following definitions are used in this report: 

·  Sunken oil.  Spilled oils that have negative buoyancy and which sink to the seabed.  

The negative buoyancy may be due to the high inherent density of the oil, density 

increase caused by oil ‘weathering’ or other processes or the adherence of 

sediment or sand to the spilled oil. The sediment or sand may come into contact 

with the spilled oil while it is at sea, or during stranding of spilled oil on a coastline 

with subsequent remobilisation back into the sea. 

Sunken oil in shallow waters may pool in depressions on the seabed in low current 

conditions, or be moved along the seabed by prevailing currents. At higher current 

speeds the spilled oil may be dispersed as relative large, but still non-buoyant, 

droplets. 

·  Submerged oil.   Spilled oils that have neutral or near-neutral buoyancy and which 

are intermittently submerged below the sea surface for a significant proportion of 

time in the prevailing sea conditions.  

As such, they cannot be reliably detected by visual or remote sensing means from 

surveillance aircraft or observers in surface vessels. Submerged oils have also been 

referred to as “over-washed” oils. 

Both types of spilled oil behaviour have been recorded at oil spill incidents and a list of such 

incidents, plus relevant details, is included as Annex 1 of this report. 

One important aspect that should be borne in mind is that spilled oil that has sunk or been 

submerged by prevailing sea conditions at previous oil spill incidents will not have been 

observed by the normally-used techniques of visual observation or remote sensing for oil on 

the sea surface. The spilled oil may therefore have been assumed to have naturally 

dispersed or dissipated and not be recognised as oil sinking or submerging. This is 

particularly the case for smaller oil spills.  

In some instances, it has only been the subsequent oiling of shorelines or birds after 

surveillance has failed to locate the spilled oil that has led to the suggestion that the oil had 

submerged and then re-surfaced, or had been transported by sub-surface currents. The 

conclusion could therefore be reasonably drawn that submergence of some types of spilled 

oils at sea is a more common occurrence than the records suggest, because the 

consequences are only observed when significant impacts subsequently occur.       
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There are several possible processes which can lead to spilled oil sinking or be submerged 

at sea:  

1. Oil sinks 

The spilled oil can be inherently more dense than the water it has been spilled into 

and therefore sinks to the bottom. Oils with density greater than 1.000 gm/ml (an 

API gravity less than 10) will be denser than freshwater; oils have to have a density 

of greater than 1.025 gm/ml (an API gravity of less than about 7) to be denser than 

seawater.  

2. Oil submerges 

The density of the spilled oil is close, or becomes close due to oil ‘weathering’ 

(evaporation of more volatile components and incorporation of water as a water-in-

oil emulsion), to that of the water and it floats very low in the water and can be 

submerged under the water surface by wave action while in the open sea. 

3. Oil floats, then sinks after picking up sediment in the water column 

Suspended sediment may become attached to the spilled oil while it drifts and the 

consequent density increase causes the oil to be removed from the sea surface, 

sink below the water surface and be deposited on the seabed as oiled sediment. In 

general, this has only been observed in areas of high sediment loading in the water. 

However, it appears to be a mechanism for oil sinking in shallow, turbulent waters 

with high sediment loading.  

4. Oil floats, strands, is remobilised and then sinks 

Spilled oil that strands on a shoreline may adhere to the shoreline substrate. If this 

substrate is sediment or sand, the oil may incorporate sufficient sediment or sand so 

that the density of the mixture is higher than that of the water. Subsequent re-

mobilisation of the stranded oil by wave action on a rising tide may then distribute 

the oil/sediment or oil/sand mixture on the seabed in shallow water. Spilled oil 

adhering to a rocky substrate may remain below the water as the tide rises. 

5. Oil burns and remaining residue sinks 

An incident involving a fire onboard a vessel may result in the burning of all, or part 

of, the oil cargo. Light distillate fuels, such as petrol and kerosene, might be totally 

consumed by the fire. Burning crude oil will often be only partially consumed in any 

fire, leaving a residue that has high density and which may sink. Cargoes of RFO 

(Residual Fuel Oil) or heavy bunker fuel oils (HFOs) will not burn. 
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All of these processes have been recorded at various oil spill incidents and the behaviours 

are summarised in Table 1. Further details are given in Annex 1.  

Each process is considered in more detail in the following sections of this report. The key 

parameters are identified and their comparative significance is assessed. Some oil spill 

behaviour models have incorporated some of these processes and the basic principles are 

described.  



RP595 Sunken and submerged 
oils - behaviour and response 

 Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 17 February 2009 

 
 

 
Incident  Year  Spilled Product  

Torry Canyon 1967 Kuwait crude oil  
Florida Barge  1969 No 2 Fuel Oil  
OREGON STANDARD  1971 Bunker C  
Athos  1974 No 6 Fuel Oil 
STC-101 1976 No 6 Fuel Oil 
Sansinena 1976 Bunker C / HFO #6  
USNS Potomac 1977 No 6 Fuel Oil 
National Marine Services 
2600 barge  1977 Asphalt  
Amoco Cadiz  1978 Arabian Light 
Eleni V 1978 HFO 
Peck Slip Tanker  1978 Bunker C /No6 fuel oil  
Kurdistan 1979 Bunker C 
Gino  1979 Carbon Black Oil  
Ixtoc 1  1979 Ixtoc crude  
Lake Winona 1979 No 6 Fuel Oil 
Chevron Hawaii 1979 catalytic cracker feedstock  
Hasbah 6 1980 heavy crude 
Angelinna 1981 No 6 Fuel Oil 
Katina 1982 Heavy fuel oil  
Norwuz Field  1983 crude oil 
Hanom Jade  1983 Arabian heavy  
Mobiloil  1984 No 6 Fuel Oil 
Alvenus  1984 Merey & Pilon crude oils  
Puerto Rican  1984 No 6 Fuel Oil 
Thuntank 5  1986 No. 6 fuel oil (no 5 fuel oil)  

MCN-5 barge 1988 
Heavy Cycle Gas Oil, IFO & 
MDO 

Exxon Puerto Rico 1988 Carbon black feedstock  
Nestucca 1988 Bunker C / HFO #6  
Presidente Rivera  1989 Bunker C / HFO #6  
Aragon 1989 Maya crude oil 
T/V scurry 1989 carbon black feedstock  
SFI 33  1990 No. 6 fuel oil 
Vista Bella  1991 No. 6 fuel oil 
Haven 1991 Iranian Heavy Crude Oil  
Bouchard 155 1993 Bunker C / HFO #6  
Morris J. Berman 1994 Bunker C / HFO #6  
Apex 3512 1995 Slurry oil  
Provence  1996 No. 6 fuel oil  
Detroit River 1996 Coal tar oil  
Nakhodka  1997 Medium Fuel Oil  
Nissos Amorgos  1997 Bachaquero Crude 
Evoikos 1997 HFO  
Kuroshima 1997 Bunker C / HFO #6 / IFO 380 
Erika 1999 RFO 
Volgoneft 248  1999 HFO  
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SE Florida Mystery Spill 2000 Heavy fuel oil  
Baltic Carrier  2001 IFO 380  
Prestige 2002 RFO, M100 
Fu Shan Hai  2003 IFO 380  
Big Horn River  2003 Diesel Based Drilling Mud 
Athos 1  2004 Bachaquero crude oil 
Cabot Malaysia  2004 Carbon Black feedstock  
LAKE WABAMUN  2005 Bunker C / HFO #6  
EMC423 2005 Clarified slurry oil  
DBL 152  2005 Slurry oil  
INLAND BARGE  2005 Slurry oil  
MM-53  2006 Liquid asphalt 
Lebanon  2007 IFO 380  
Heibi Spirit  2008 Crude 0il  

 

Table 1. Incidents where spilled oil has sunk or submerged. 
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3.1 The densities of oils 

The density of spilled oil is obviously a defining factor as to whether the oil will float, be 

submerged or sink when spilled at sea. 

High-density oils have been classified in several ways. The designation “Heavy” has 

several meanings when applied to crude oils or refined oil products: 

The American Petroleum Institute’s “API gravity” is a standard measure of the ‘heaviness’ 

(density) of oils and this, together with the viscosity, provides definitions of four categories 

of crude oil: 

1. Light Oil:  is also known as “conventional oil”, with an API gravity of at least 22O and 

a viscosity less than 100cP. 

2. Heavy Oil: described as above, the upper API gravity limit being set at 22O and a 

viscosity of less than 100cP. 

3. Extra-Heavy Oil: like Heavy Oil but with an API gravity of less than 10O. 

4. Natural Bitumen: also known as “oil sands”, is like Heavy Oil but even more dense 

and viscous with a viscosity greater than say 10,000cP.   

The UK BERR’s (Business, Enterprise and Regulatory Reform, formerly DTI (Department of 

Trade and Industry)) Oil and Gas Directorate uses the working definition for UKCS 

(Continental Shelf) Heavy Oil as a crude oil with an API gravity less than 22O and reservoir 

viscosity more than 5 cP. 

This basic definition has been further extended and defined for oil spill purposes:  

·  NOAA (NOAA, 1994) have used the energy industry definition LAPIO (Low API Oils) 

as oils with an API gravity of less than 10° at 60° F, equivalent to a specific gravity 

less than or equal to 1.0000 gm/ml. 

·  Fuel oils with an API gravity of less than 10º are also referred to as Group V oils in 

some studies (Michel et al., 1995). 

·  ITOPF classify high density oils as Group 4 oils that have a specific gravity greater 

than 0.9500 gm/ml, equivalent to an API gravity of less than 17.5º. 
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3.2 Inherent density of spilled oil greater than th at of the water 

If the density of spilled oil is greater than that of the water into which it has been spilled, it 

will sink. The density at 15ºC of freshwater is 1.000 gm/ml and the density at 15ºC of 33 

psu (practical salinity units) seawater is 1.025 gm/ml. The salinity and density of brackish 

waters are proportional. Oil will float or sink, depending on the salinity of the water and the 

density of the oil (Figure 1). 

 

  

Figure 1.  Density and floating / sinking behaviour (Coastal Response Research Center, 
2007). 

If the current speed is high and the viscosity of the oil is relatively low, the oil may be 

sheared into relatively small droplets and be dispersed by the currents into the water 

column and eventually sink over a very wide area. If the current speed is low, the oil may 

pool in depressions on the seabed.  

There are only a few oils that have densities greater than full salinity seawater. These are 

highly cracked oils known as slurry oils or carbon black feedstock. These have been spilled 

at sea (and in rivers) and have been observed to sink. 

A number of oil spill have occurred where the oil had a density greater than 1.025 gm/ml 

(less than 6º API) and would sink in full salinity seawater (Table 2). Six of these oils were 

slurry oils. 
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Incident Year Type of vessel Type of oil  ºAPI 
Gravity Location Fresh 

water 
Sea 

water 

Gino  1979 Product Tanker Carbon Black 
Oil  -2 Brittany coast, France.   Sea 

ESSO Puerto Rico 1988 Product tanker Carbon black 
feedstock  2 Mississippi River, Louisiana, 

USA Fresh  

Apex 3512 1995 Tank barge Slurry oil  0.6 Mississippi River, Louisiana, 
USA. Fresh  

Detroit River 1996 Barge Coal tar oil  -12.5 USA Fresh  

EMC423 2005 Tank Barge Clarified slurry 
oil  <10 Chicago Sanitary and Ship 

Canal, USA Fresh  

INLAND BARGE  2005 Tank barge Slurry oil   USA Fresh  

DBL 152  2005 Tank Barge Slurry oil  4.5 Gulf of Mexico, 55 km off 
Louisiana coastline, USA.  Sea 

 

Table 2. Spills involving oils with densities greater than 1.025 gm/ml (less than 6º API). 
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3.2.1 Oils with density greater than 1.025 gm/ml - Slurry oils 

Slurry oil is a by-product of catalytic cracking of oil. Catalytic cracking is used in petroleum 

refineries to break down higher boiling feedstocks into lower boiling components which are 

fractionated into various distillate streams. The bottoms fraction which is known as slurry 

oil, is passed through a slurry settler to remove catalyst. The resulting brownish-black liquid 

is known as slurry oil. 

Slurry oil is also known as: 

·  Cat Cracked Slurry oil. 

·  Catalytically Cracked Clarified Oil (CCCO). 

·  Clarified (or catalytic). 

·  Decant Oil. 

·  Heavy Clarified Oil. 

·  Bunker Blendstock. 

·  Carbon Black Oil.  

·  Carbon Black Feedstock.  

·  RFD Extract. 

·  Aromatic Concentrate. 

·  Aromatic Tar. 

Slurry oil typically has a density at 15ºC of about 1.075 gm/ml (0º API Gravity). A toxicity 

assessment (CONCAWE, 1989) of 15 samples of slurry oil from European oil refineries 

reported a range of density at 15ºC from 1.0687 to 1.1515 gm/ml. The density depends on 

the type of crude oil being processed and the operating parameters of the catalytic cracker. 

The primary uses of slurry oil are as feedstocks for further processing in coker units at oil 

refineries or as a component in Heavy Fuel Oils. Slurry oil is used as a component in IFO 

oil grades. It is used not only because it is a low-value ‘by-product’ of refining for higher-

value distillate fuels, but also because it is extremely aromatic and therefore does not cause 

precipitation of asphaltenes that are concentrated in the residues also used to blend IFOs. 

The amount of slurry oil in IFO grades is limited by aspects of the ISO 8217:2005 
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specification such as aluminium and silicon content (from catalyst that has not been filtered 

out), density and viscosity.  

Slurry oils may also be used in cut-back and emulsified bitumen; feedstocks for petroleum 

cokes, petroleum pitch and carbon black; dust suppressant road oils; enhanced oil field 

recovery oil; and rubber extender oils; process oils and ink oils, although use in these 

applications has declined in recent years. 

3.2.2 Slurry oil spills 

The majority of recorded incidents have been in river environments.  The largest incident 

however the Gino incident in 1979 when an estimated 30,000 tonnes of Carbon Black Oil 

spilled from a cargo of 40,000 tonnes from the sunken vessel occurred in a marine setting. 

Although many of the incidents happened in rivers, the densities of the oils spilled were 

sufficiently high to cause sinking in full salinity seawater. 

3.2.3  Key parameters of sinking oil 

If the density of the spilled oil is known to be higher than that of the water it is spilled into, 

sinking will occur.  For oil spills at sea in UK waters, the key parameter will be an oil density 

greater than that of full salinity seawater, which is 1.025 gm/ml. 

The only hydrocarbon oils that have such densities are slurry oils. 

It should be borne in mind that where fresh water rivers enter the sea there may be areas 

where salinity is less than 1.025 gm/ml. As a result the potential of oils to sink will be 

greater in these areas, many of which are also associated with ports and vessel movement.   

3.2.4 Modelling approaches to sinking oil 

The density of the spilled oil, compared to that of the water in which it has been spilled, is 

the obvious factor that will cause an oil to sink. 
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3.3 Inherent density of spilled oil close to that o f water  

If the density of the spilled oil is close to, but less than, that of the water into which it is 

spilled, it will initially float, but float very low in the water in calm conditions. In rougher sea 

conditions, the oil may be submerged with water by wave action. 

Low viscosity oils will be naturally dispersed by wave action, but if the viscosity of the oil is 

high (as well as having a high density) it will be broken up into relatively large ‘blobs’ or 

‘rafts’ of spilled oil. These will be submerged by wave action and return only slowly to the 

surface; the majority of the oil may spend most of the time below the water surface.  

3.3.1 Oils that have high density 

3.3.1.1 Bunker IFOs (Intermediate Fuel Oils) 

More than 25 of the incidents listed in Annex 1 involved spills of Heavy Fuel Oil (Table 3), 

either as bunkers (Bunker C or Fuel Oil No. 6) or as RFO (Residual Fuel Oil) carried as 

cargo.  

Five of these spills occurred in rivers where some of the oil appeared to sink, although this 

may have been due to the incorporation of sediment, or due to fast currents. 

Spilled oil at sea was reported as having been submerged at nine incidents. Oil was 

reported to have sunk at six incidents after picking up sediment or sand. In some incidents, 

this was reported to be at sea before stranding, but in the majority of cases the oil sunk 

after it had been stranded on a shoreline and then was subsequently re-mobilised. 
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Incident Year Type of 
vessel Type of oil Location Fresh 

water 
Sea 

water Behaviour 

Lake Winona 1979  No. 6 fuel oil  Fresh  Oil sank in lake 

Mobiloil  1984 Product 
tanker No. 6 fuel oil Columbia River, 

Oregon, USA Fresh  
Oil submerged in 

river, rose to surface 
in salt water 

Presidente 
Rivera  1989 Product 

Tanker 
Bunker C  
HFO No.6  

Delaware River, 
Pennsylvania, 
USA. 

Fresh  
Oil floated, then sank 

after picking up 
sediment in river 

Provence  1996 Product 
Tanker No. 6 fuel oil  Piscataqua River, 

NH, USA Fresh  Oil sank in river 

Kuroshima 1997 Cargo 
vessel 

Bunker C / HFO 
#6 / IFO 380 

Summer Bay, 
Alaska, USA 

Fresh 
(lake) Sea 

Oil floated, then sank 
after picking up 
sediment in river 

Lake 
Wabamun  2005 Freight 

train 
Bunker C  
HFO No. 6  

Lake Wabamun, 
Alberta, Canada Fresh  

Oil floated then sank 
after picking up 
sediment in lake 

STC-101 1976 Barge No. 6 Fuel Oil Chesapeake Bay,  
Virginia, USA  Sea Oil submerged 

(assumed) 

Sansinena 1976 Tanker Bunker C  
HFO No. 6  

Los Angeles 
Harbour, USA  Sea Oil (burn residue) 

sank 
USNS Potomac  1977 Warship Bunker C off Greenland  Sea Oil sank 

Eleni V 1978 Product 
tanker HFO North Sea, off 

Norfolk UK  Sea Oil submerged at sea 

Kurdistan 1979 Tanker Bunker C Cabot Strait, 
Newfoundland  Sea Oil submerged at sea 

Katina 1982  Heavy fuel oil  North Sea , off the 
Netherlands  Sea Oil submerged at sea 

Thuntank 5  1986 Product 
tanker No. 6 fuel oil  Gavle on the 

Swedish east coast  Sea 
(Baltic) 

Oil floated, then sank 
after picking up 

sediment (Baltic) 

Nestucca 1988 Tank 
barge 

Bunker C  
HFO No. 6  

off Grays Harbor, 
Washington, USA  Sea Oil submerged at sea 
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SFI 33  1990 Barge No. 6 fuel oil   Sea  

Vista Bella  1991 Barge No. 6 fuel oil Nevis Island, 
eastern Caribbean  Sea 

Oil floated, then sank 
after picking up sand 

after stranding 

Bouchard 155 1993 Tank 
barge 

Bunker C  
HFO No.6  

Tampa Bay, 
Florida, USA  Sea 

Oil floated, then sank 
after picking up 

sediment at sea or 
after stranding 

Morris J. 
Berman 1994 Tank 

barge 
Bunker C 
HFO No.6  

Escambron Beach,  
Puerto Rico  Sea 

Oil floated, then sank 
after picking up sand 

in surf zone 

Evoikos 1997 Product 
Tanker HFO  Strait of Singapore, 

Singapore.  Sea Oil submerged 

Erika 1999 Product 
tanker RFO Bay of Biscay  Sea Oil submerged 

Volgoneft 248  1999 Tanker HFO  Sea of Marmara, 
Turkey  Sea 

Oil floated, then sank 
after picking up 

nearshore sediment 
SE Florida 
Mystery Spill 2000 Unknown Heavy fuel oil  Florida, USA  Sea Oil floated, stranded 

and then sank 

Baltic Carrier  2001 Tanker IFO 380  Kadetrenden, Baltic 
Sea, Denmark  Sea 

(Baltic) 

Some oil sank after 
picking up nearshore 

sediment 

Prestige 2002 Product 
tanker RFO, M100 Spanish waters  Sea 

Oil submerged, some 
sank nearshore 
(most likely after 

stranding) 

Fu Shan Hai  2003 Bulk 
carrier IFO 380  

Bornhom, 
Denmark, Baltic 
Sea 

 Sea 
(Baltic) Oil submerged 

 

Table 3. Incidents involving Heavy Fuel Oils. 
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Bunker IFOs are not well characterised materials, being composed of a variable mixture of 

distillate and residual materials, but there are some national and international specifications 

(Lewis, 2003). 

Some IFOs, such as ISO RMK 380 and ISO RMK 700, according to ISO 8217: 2005 (Table 

5) have a permitted maximum density at 15ºC of 1010.0 kg/m3, but it should be noted that 

the permitted maximum density at 15ºC for ISO RME & RMF 180, ISO RMG & RMH 380 

and ISO RMH 700 is 991.0 kg/m3.  

A few IFOs may therefore sink in freshwater because they are more dense, but if they are 

within the ISO 8217:2005 specification, no IFOs are more dense than seawater and all will 

therefore initially float if spilled at sea. 

Although the ISO 8217:2005 is an international standard, bunker fuel oils that have 

properties outside of this specification can still be sold.  

An example is the “Heavy Oil No. 7” shipped by the Dalian West Pacific Petroleum Industry 

Co. Ltd, a Chinese company (properties in Table 4). This is apparently produced to a 

Chinese standard specification; SH/T0356-1996. 

 

Property Unit SH/T0356-1996 
Specification 

Properties of sample 
involved in a 2005 spill 

Viscosity at 100ºC mm2/s 185 max. 9.776 
Density at 25°C gm/ml No max. specified 1.0687 
Flash Point ºC 130ºC min. 183 
Water and sediment % wt 3.00 max 0.10 

Table 4.  Heavy Fuel Oil No. 7. 

 

A “No. 7” heavy fuel oil is, logically, ‘heavier’ than a No. 6 fuel oil, but the ASTM D396-80 

Standard Specification for Fuel Oils used in the USA only extends to a No.6 Fuel, although 

that designation has no specified maximum density as it applies to heavy fuel oils for 

industrial purposes. 
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Table 5. Specification for Residual Marine Fuel Oils (ISO 8217:2005). 

IFO IFO-30 IFO-
80 

IFO-180 IFO-380 IFO-700 

Property Units 
ISO RMA 

30 
RMB 

30 
RMD 

80 
RME 
180 

RMF 
180 

RMG 
380 

RMH 
380 

RMK 
380 

RMH 
700 

RMK 
700 

Density at 15ºC kg/m3 max 960.0 975.0 980.0 991.0 991.0 1010.0 991.0 1010.0 
Kin. Visc. at 50ºC mm2/s max 30.0 80.0 180.0 380.0 700.0 
Flash Point ºC min 60 60 60 60 60 
Pour Point        
     Summer ºC max 6 24 30 30 30 30 
     Winter ºC max 0 24 30 30 30 30 
Carbon Residue %(m/m) max 10 14 15 20 18 22 22 
Ash %(m/m) max 0.10 0.10 0.10 0.15 0.15 0.15 
Water %(V/V) max 0.5 0.5 0.5 0.5 0.5 
Sulphur %(m/m) max 3.5 4.0 4.5 4.5 4.5 
Vanadium mg/kg max 150 350 200 500 300 600 600 
Al + Si mg/kg max 80 80 80 80 80 
Total sediment %(m/m) max 0.10 0.10 0.10 0.10 0.10 
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3.3.1.2 Cargoes of Residual Fuel Oil (RFO) 

Cargoes of RFO are less well characterised than even bunker IFOs since there are no 

generally applicable specifications for RFO. The acceptable properties of a cargo of RFO 

can be a matter of negotiation between the seller and the buyer.  

RFO that is traded as a commodity in bulk is Russian M100; a heavy grade of mazut (heavy 

fuel oil). This should conform to Russian standard GOST 10585-99, although exceptions 

from the specification may be allowed, subject to buyer approval. The main features of the 

GOST 10585-99 specification are shown in Table 8. 

M100 is available in several sub-grades; standard and low ash content; standard and high 

Pour Point and with a range of maximum sulphur contents. The normal sulphur content is 

Grade IV (maximum of 2.0% weight S), but a slightly cheaper, high sulphur content 

(maximum of 3.5% weight S) is also available.  

The Prestige was carrying Russian M100 and the relevant properties are given in Table 6 

(CEDRE website). 

 

Oil spilled from Prestige  
Density at 15°C  gm/ml 0.993 
Pour Point ºC + 6 
Viscosity at 50°C  cSt 615 
Viscosity at 15°C  cSt 30,000 
Asphaltenes % wt. 12.4 

 

Table 6.  Properties of M100 spilled from Prestige. 

The RFO carried by the Erika was from����� TotalFina refinery at Dunkirk. It was a mixture 

of 10 % of light fluxing oil, 30 % of heavy fluxing oil and 60 % of vacuum distillation residue 

(CEDRE website). The properties are given in Table 7. 

 
Oil spilled from Erika  

Density at 15°C  gm/ml 1.0025 
Pour Point ºC + 3 
Viscosity at 100°C cSt 38 
Viscosity at 50°C  cSt 555 
Viscosity at 10°C  cSt 20,000 
Asphaltenes % wt. 3.78 

 

Table 7.  Properties of RFO spilled from Erika. 
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Property 
  

 
Sub-grade of M100 

 
Units 

 
Max or 

min 

 
Value 

 
Test method 

Density All kg/m3  No max. defined  
Kinematic viscosity at 80ºC All degrees Engler max 16 GOST 6258 
Kinematic viscosity at 80ºC All mm2/s max 118  
Kinematic viscosity at 100ºC All degrees Engler max 6.8  
Kinematic viscosity at 100ºC All mm2/s max 50  
Flash Point (Open cup) All ºC min 65 GOST 4333 
Pour Point Standard ºC max +25 GOST 20287 
 High Pour Point  ºC max +42  
Carbon Residue All % (m/m) max 8  
Ash content  Standard % (m/m) max 0.14 GOST 1461 
 Low ash % (m/m) max 0.05  
Water content All %(V/V) max 1.0  
Sulphur  Grade I %(m/m) max 0.5 GOST 10585 i. 4.4 
 Grade II %(m/m) max 1.0  
 Grade III %(m/m) max 1.5  
 Grade IV %(m/m) max 2.0  
 Grade V %(m/m) max 3.0  
 Grade VI %(m/m) max 3.5  
Total sediment All %(m/m) max 1.0 GOST 6370 
Acidity  All mg KOH/ 100ml max 5   
Heat of combustion  Grades I, II, III & IV kJ/kg min 40530  
 Grades V & VI kJ/kg min 39900  

 

Table 8. Russian standard GOST 10585-99 for Mazut M100. 
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3.3.1.3 Heavy crude oils 

Only a small number of the incidents listed in Annex 1 involved spills of crude oil (Table 9).  

At the Haven incident some of the Iranian Heavy crude oil burned and the burn residue 

sank (see Section 3.6 – Burnt oil residue sinking).  

In two cases (Athos 1 and Nissos Amorgos) the crude oil was Venezuelan Bachaquero 

crude oil. The different densities reported for this oil are not inconsistent; crude oil density 

can vary and Bachaquero crude oil comes from different wells within the field. The crude 

oils spilled at the Alvenus incident, Merey and Pilon crude oil, were also from Venezuela. 

The oil spilled from the Aragon was Maya crude oil from Mexico. 

These crude oils would all be described as ‘heavy’ (having an API gravity of less than 22º) 

crude oils, but they are far from being the only high-density crude oils. 

Table 10 contains the densities of 37 of the heaviest (API gravity of less than 22º, 

equivalent to a density at 15ºC of greater than 0.9218 gm/ml) crude oils from a database of 

400 major crude oils from around the world. Bachaquero, Merey, Pilon and Maya crude oils 

are all from this group (bolded in Table 10). 

None of these crude oils could be classified as LAPIO, according to the NOAA definition of 

an API gravity of 10º or less, although Boscan crude from Venezuela is very close. 13 of 

the crude oils would be classified as Group 4 oils by ITOPF, on the basis of the API gravity 

being less than 17.5º. 
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Incident Year  Type of oil  API 
Gravity Location Fresh 

water  
Sea 

water Behaviour 

Athos 1 2004 
Venezuelan 
Bachaquero 

heavy crude oil 
13.6 Delaware River 

(Pennsylvania) Fresh  
Some oil sank in river, 

some stranded, picked up 
sediment, then sank 

Alvenus 1984 Merey and 
Pilon crude oil 13.8, 17.3 

Calcasieu River 
Bar Channel, 

Cameron, 
Louisiana, USA 

 Sea 

Oil floated, then sank after 
picking up sand after 

stranding 
 

Aragon 1989 Maya crude oil 21.10 near Madeira  Sea Oil submerged 

Haven 1991 Iranian Heavy 
Crude Oil 30.35 Genoa, Italy  Sea Oil (burn residue) sank 

Nissos 
Amorgos 1997 Bachaquero 

Crude 16.8 
Maracaibo 

Channel in the 
Gulf of Venezuela 

 Sea Oil floated, some stranded 
and then sank 

 

Table 9.  Incidents involving heavy crude oils. 
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Crude oil ºAPI Gravity 

 
Density at 15ºC 

gm/ml 
 

Country 

Boscan 10.10 0.9984 Venezuela 
Tia Juana Pesado 12.10 0.9861 Venezuela 
Cold Lake 13.20 0.9792 Canada (Alberta) 
Kern River 13.40 0.9765 USA (California) 
Pilon 14.10 0.9718 Venezuela 
San Joaquin Valley 15.70 0.9613 USA (California) 
Zuata Sweet 15.70 0.9613 Venezuela 
Baxterville 16.30 0.9574 USA (Mississippi) 
Tempa Rossa 16.50 0.9561 Italy 
Bachaquero BCF 17 16.80 0.9541 Venezuela 
Thums 17.00 0.9529 USA (California) 
Lagunillas Heavy 17.00 0.9529 Venezuela 
Merey 18.00 0.9465 Venezuela 
Soroosh (Cyrus) 18.10 0.9459 Iran 
Tia Juana Heavy 18.20 0.9452 Venezuela 
Loreto 18.30 0.9446 Peru 
Eocene 18.60 0.9427 Neutral Zone 
Wilmington 18.60 0.9427 USA (California) 
Kuito 19.00 0.9402 Angola 
Alba 19.20 0.9390 United Kingdom 
Captain 19.30 0.9383 United Kingdom 

 

   Table 10.  Heavy crude oils. 
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Crude oil 

 
ºAPI Gravity 

 
Density at 15ºC 

gm/ml 
 

 
Country 

Hondo Monterey  19.40 0.9377 USA (California)  
E4P  19.90 0.9346 Russia  
Doba  20.40 0.9315 Chad 
Marlim  20.60 0.9303 Brazil  
Lokele  20.70 0.9297 Cameroon 
Huntington Beach  20.70 0.9297 USA (California)  
Harding 20.80 0.9291 United Kingdom 
Hondo Blend  20.80 0.9291 USA (California)  
Bachaquero BCF 22  20.90 0.9285 Venezuela  
Temblador  21.00 0.9279 Venezuela  
Bima  21.10 0.9273 Indonesia  
Maya 21.10 0.9273 Mexico 
Gryphon  21.20 0.9267 United Kingdom 
Liuhua  21.30 0.9260 China  
Duri (Sumatran Heavy)  21.30 0.9260 Indonesia  
Ras Gharib  21.50 0.9248 Egypt 

 

   Table 10 (continued). Heavy crude oils. 
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3.3.2 Effect of oil weathering on oil density 

3.3.2.1 Evaporative loss 

The loss of the most volatile oil components by evaporation to the atmosphere will 

inevitably cause the density of the oil that remains to increase, relative to that of the original 

oil. In general, low-density (‘light’) crude oils will lose more components by evaporation than 

higher density (‘heavier’) crude oils, because the ‘light’ crude oils are of low-density 

because they contain a higher proportion of the more volatile (and low density) components 

than the higher density crude oils.  

Evaporation can be simulated by distillation to various temperatures. Distillation to 200ºC is 

similar to the evaporative loss experienced in a few hours on the sea. A low density crude 

oil, such as UK Brent Blend (0.8359 gm/ml, 37.9º API ), has around 31% by weight of 

components that will distil below 200ºC, a high density crude oil such as Venezuelan 

Boscan (0.9984 gm/ml, 10.2º API) has only 4% of components that will distil below 200ºC. 

Another Venezuelan crude oil, Bachaquero BCF-17 (0.9541 gm/ml, 16.8ºC) will lose 10% 

weight. The density of the components that distil below 200ºC is approximately 0.7500 

gm/ml.  

Spilled Brent Blend crude oil would lose 34.5% volume and the residue would have a 

density of 0.8812 gm/ml (an increase of 0.0453 gm/ml), while spilled Boscan crude oil 

would lose only 5.33% volume, but the residue would have a density of 1.0124 gm/ml (an 

increase of 0.014 gm/ml). These densities are shown in Figure 2. 
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Figure 2. Change in density of crude oils with evaporative loss (distilled at 200ºC). 

While the incremental change in density due to evaporation of the Boscan and Bachaquero 

crude oil is less than that of the Brent Blend crude oil, the density of the Boscan crude oil 

after evaporation is much close to that of seawater and would be greater than freshwater.  

The density of the original Brent Blend crude oil was 81.6% of that of full-salinity seawater 

and increased to 86.0% after evaporative loss. The density of the original Boscan crude oil 

was 97.4% of that of the seawater and this increased to 98.8% after evaporation. The 

behaviour of Bachaquero BCF-17 crude oil was intermediate; 93.1% before evaporation 

and 96.0% after evaporation. 

High density crude oils have an initial density that is close to that of seawater. Even small 

loses of volatile oil components can cause the density to become very close to that of 

seawater. 

3.3.2.2 Water-in-oil emulsification 

The incorporation of water droplets into the body of the oil to form water-in-oil emulsions will 

cause the density of the emulsion to be higher than that of the original oil.  

The density of the emulsion will depend on the density of the oil (after the evaporative loss 

of the more volatile components) and the proportion of water incorporated. The rate of 
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uptake of water is a process that depends on several factors, including asphaltene content 

(and therefore emulsion stability) of oil, oil viscosity and sea state. 

Provided that the oil itself has a density of less than that of seawater, no amount of 

incorporated seawater can cause the resulting emulsion density to be higher than that of 

seawater. However, the density of the emulsion can become very close to that of seawater 

when the density of the oil is high and the proportion of seawater in the emulsion is high. 

Figure 3 shows the densities of emulsions as a function of seawater content for oils of 

densities of 0.8500 to 1.0100 gm/ml. A typical maximum water content for emulsified oils is 

75% volume. Only oils with an original density of 0.9500 gm/ml produce 75% volume water 

content emulsions with a density in excess of 1.000 gm/ml. 
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 Figure 3. Effect of seawater content on emulsion density. 
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3.3.3 Effect of temperature on density 

The densities of oils are more temperature-sensitive than the density of water. The density 

of a fluid when the temperature is changed can be expressed as 

� 1 = � 0 / (1 + �  (t1 - t0)) 

where  

� 1 = final density (kg/m3) 

� 0 = initial density (kg/m3) 

�  = volumetric temperature expansion coefficient (m3/m3 oC) 

t1 = final temperature (oC) 

t0 = initial temperature (oC) 

The volumetric temperature expansion coefficient of freshwater is 0.88 10-4 (m3/m3 oC) 

and for hydrocarbon oil (a general case) is 63.3 10-5 (m3/m3 oC). 

The effect of temperature on density is illustrated in Figure 4.  

·  The density of the HFO 1 is the maximum permitted if it would meet the 

ISO8217:2005 specification for RMK 380 and RMK 700 grades; 1.010 gm/ml at 

15ºC.  

·  The density of HFO 2 is 0.999 gm/ml.  

·  The density of HFO 3 is 0.990 gm/ml; very near the maximum of permitted if it would 

meet the ISO8217:2005 specification for RMG/H 380 and RMH 700 grades.   

High-density oils, such as bunker IFOs or cargoes of RFO (Residual Fuel Oil) are often 

stored at relatively high temperatures, for example 40ºC or 50ºC and the densities of the 

HFOs are plotted up to 60ºC.  

Even though the density of seawater decreases less with reducing temperature than that of 

HFO 1 there is no temperature where the density of HFO 1 is more than that of seawater. 

HFO 2 will sink in freshwater and float in seawater, irrespective of temperature.   

The density of heated (to 40º or 50ºC) HFO 2 spilled into near-freezing freshwater would 

increase sufficiently for the oil to sink. It is possible that the oil would initially float in 
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freshwater while it was cooling, but then sink as it became close to the temperature of the 

water. However, this is a very marginal case.  

The density of HFO 3 does not exceed that of freshwater, although comes very close at 

0ºC. HFO 3 will float on freshwater or seawater, irrespective of temperature.  
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Figure 4.  Effect of temperature on the densities of freshwater, and HFO 1 (1.010 gm/ml at 15ºC), HFO 2 (0.999 gm/ml at 15ºC),  
 HFO 3 (0.990 gm/ml at 15ºC) and seawater. 
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3.3.4 Submergence of oils with densities close to t hat of water 

Although an oil with a density less than that of the water into which it has been spilled will 

float in perfectly calm conditions it can be pushed below the water surface by wave action. 

If the density of the spilled oil is close, or becomes close due to oil ‘weathering’ 

(evaporation of more volatile components and incorporation of water as a water-in-oil 

emulsion), to that of the water it will float very low in the water in calm conditions and can 

be submerged under the water surface by wave action while in the open sea. 

3.3.4.1 Studies of oil submergence 

The Kurdistan spill in 1979 prompted several Canadian studies on the subject of sinking 

and submergence of spilled oil.   

In 1982 Environment Canada contracted Seakem Oceanography to conduct a study of 

oceanographic conditions suitable for sinking of oil (Juszko et al, 1983 and 1985). The 

study resulted in extensive density maps of Canadian waters. It was concluded that there 

are sufficient pycnoclines and areas of low densities to contribute to some of the 

observations of historical spill behaviour.  

In 1984, the Atlantic regional office Environment Canada, with funding from the PERD 

(Program for Energy Research and Development) project began a 3-year study of the 

problem of submerged oil. The first year of the study was both a review of the movement of 

sunken oil and an exploratory study into the mechanisms of sinking. 

The exploratory study of the mechanisms driving oil submergence was investigated by Don 

Mackay of the University of Toronto (Wilson et al, 1987). The study concluded that a 

substantial quantity of oil can be submerged in the water column under steady state 

conditions. The extent of submergence is increased by:  

·  a high oil density occurring naturally or induced by weathering. 

·  the presence of significant surface turbulence. 

·  the formation of small oil particles or drops. 

·  the formation of water-in-oil emulsions.  

3.3.4.2 Laboratory studies of oil submergence (or “over-washing”) 

A complementary exploratory study (Clark et al. 1987) showed that large oil masses which 

are slightly less dense than water may be submerged for periods of time by surface 
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turbulence. This important finding was called "over-washing" and was investigated further 

using wood blocks weighted with lead. It was found that oil and oil surrogates would 

become over-washed with water when the density was as low as 0.90 g/mL and over-

washing time increased as the density increased and as the wave height increased.  

Laboratory studies using oil substitutes (ballasted wood floats, sealed plastic bags full of 

lard with added ballast and plastic balls in a variety of sizes), plus tank tests with high-

viscosity, high-density oils showed that these oils did not spread as coherent oil slicks. 

Under the effect of waves, the oil formed ‘rafts’ and then ‘blobs’ (Figure 5)  

These ‘blobs’, ‘rafts’ or ‘pans’ of spilled oil were occasionally pushed relatively deep into the 

water by wave action and took a long time to float back to the surface. It was evident that it 

was primarily the impact of relatively large waves which induced ‘over-washing’. The 

studies also revealed that in conditions similar to moderate sea states, emulsified oil could 

be almost permanently (90% of the time) covered with a thin layer of water.  

This report concluded: 

“When oil pans float on a water surface with wind and wave action they are generally 

awash, with at least 1 mm of water, and often several cm of water. Waves are the primary 

cause of over-washing. There is a difference in velocity between the pan and the surface 

water which tends to enhance over-washing. As the oil density increases towards that of 

water the over-washing becomes more pronounced and the submergence depth greater 

with the oil spending most of the time in the top 10 cm.”  

A first equation relating these factors was developed: 

P = exp {-d/DX} 

where D = KU2/(SGD0.8(L-Lo)) 

 x.K, Lo are constants 

 d = depth of submergence 

 U = wind speed (m/s) 

 SGD = Specific Gravity Difference between oil and water 

 L = the mean diameter of the oil drop 

 P = probability factor and overwashing occurs when p is 0.5
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Figure 5. Behaviour of high-density, high viscosity oils at sea (from Clark et al.,  
 1987). 
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3.3.4.3 Tank test studies of oil submergence 

These studies were followed up by a series of larger tests in a wave tank conducted by S.L. 

Ross Environmental Research Limited (SL Ross, 1987).  

The experimental portion of the study was conducted in a wind-wave tank 11 m long, 1.2 m 

wide and 1.9 m high. The tank was filled with approximately 10,000 L of fresh water to a 

depth of 0.85 m. Waves were generated in the tank by a paddle at one end driven by a 

continuously variable speed electric motor. Since the majority of Canadian spills involved 

Bunker C (fuel oil number 6), an oil that offers the greatest potential for sinking, the test 

programme concentrated on it.  

A typical test run was conducted as follows. The tank was filled with cold tap water to a 

depth of 85 cm. A sample of four hundred ml of the test oil was warmed to about 45°C (to 

facilitate pouring and initial distribution on the water surface), then poured onto a spill plate 

on the water surface; three or four distinct ‘slicklets’ were created. Fifteen minutes were 

allowed for the temperature of the slicklets to equilibrate with the water. The waves were 

then turned on at a wave-generator setting of 40; the air-bubbler was turned on once the 

slicklets moved towards the walls of the tank or began to drift out of the test section. The 

behaviour and position of the oil were recorded simultaneously by two video cameras: one 

positioned above the tank looking down on the test section and one under water at one end 

of the tank looking along the underside of the slicklets. 

Based on the observations from the test runs it seems that three criteria must be met for 

over-washing and transient submergence (i.e., "deep episodes") to occur:  

·  The oil must have a density close to that of the water. 

·  The oil must be viscous enough to break into ‘slicklets’ or ‘blobs’ that have the 

potential to be over-washed. 

·  The energy in the waves must be sufficient to actually submerge these high density 

oil forms.  

The results obtained from the tank test studies (SL Ross, 1987) were used to produce two 

groups of process equations.  

One group of equations predicts whether a given oil in a given sea state will break into 

slicklets and blobs and estimates the size of these oil forms:  

·  These equations relate oil properties (oil viscosity and surface tension) to wave 

properties (amplitude, frequency, steepness). 
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·  The ‘slicklet’ or ‘blob’ size created by wave action depends on the strain exerted by 

the wave action and the oil properties that resist it. The results showed that the ‘blob 

size increased with increasing oil viscosity up to a maximum of 50,000 cP when the 

oil behaved almost as a solid. 

The second group of equations predicts the depth of over-wash, maximum transient 

submergence depth and the distribution of temporarily submerged oil with depth. Over-

wash depth was controlled by the differential density between oil and water and the sea-

state, as was maximum transient submergence depth and the depth distribution of the oil. 

These equations (presented in Annex 2) predict that, for a given continuous slick on the 

sea, breakage will occur as the oil weathers (thus increasing the viscosity), as the wave 

amplitude increases (for a given wave steepness), as the wave steepness increases (for a 

given amplitude) or as the surface tension of the oil decreases. 

3.3.5 Modelling approaches to oil submergence 

The data and equations produced by the tank test study (SL Ross, 1987) were incorporated 

into the oil behaviour computer model that was being developed by Environment Canada at 

that time. 

Wave properties were calculated from wind speed (U = m/s at 10 m height), using the 

equations given by Raj (1977) for a fully developed sea. The program checked which is 

steeper, the swell or the waves and used the amplitude and wavelength of the steeper to 

calculate the steepness parameter A using the expression given for equation 2. 

The first step in the mainline calculation program was to check if the oil or emulsion density 

exceeded that of seawater (1025 kg/m3); if so the oil sinks and the program terminates. If 

the oil density is less than that of the seawater, the program checked to see if the oil or 

emulsion viscosity exceeds the minimum for slick breakage given by equation 4. If not, the 

program spread and weathered the oil for one iteration and returned to the beginning; if the 

oil is viscous enough to break, the size of the slicklets / blobs was calculated using equation 

9. 

Next, the program calculated the over-wash depth for the slicklets / blobs using equation 10 

(with rms wave height); if the over-wash depth is less than 1 mm the program spread and 

weathered the oil for one iteration and returned to the beginning. If the over-wash exceeded 

1 mm, the program calculated the maximum transient submergence depth from equation 11 

and compared it to the pycnocline depth; the lesser of the two was used. The program then 

calculated the fractions of the oil between the surface and 10 cm deep, between 10 cm 

deep and 1 m deep, and deeper than 1 m below the surface.  



RP595 Sunken and submerged 
oils - behaviour and response 

 Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 47 February 2009 

 
 

Finally, if the oil was over-washed, the program stopped spreading the thick portion of the 

slick (i.e., the submerged portion); the thin sheen continued to exist on the surface, fed by 

the submerged sIicklets / blobs. 

Figure 6 (labelled Figure 35) shows an example of model outputs as a nomograph for fully 

developed sea conditions with a surface water density of 1025 kg/m3 (35 psu) for a range 

of residual fuel oils. (The horizontal scale of wind speed is 1, 2, 5, 10, 20, 30 m/s.) The 

vertical scale is submergence depth in cm. This Figure indicates the interrelationship 

between oil density, sea state (as related to wind speed) and submergence depth.  

Submergence to a depth of 1 mm (0.1 cm) was taken to represent the onset of 

submergence of spilled oil and the submergence depth is greater with increased wind 

speed.  

Taking submergence to 1 cm as representing a significant degree of spilled oil 

submergence, this occurs at: 

·  5 m/s (10 knots) wind speed for an oil with a viscosity of approximately 100,000 cP 

with a density of 1.022 gm/ml. 

·  12 m/s (24 knots) wind speed for an oil with a viscosity of 30,000 cP with a density 

of 0.990 gm/ml. 

·  20 m/s (40 knots) wind speed for an oil with a viscosity of 4,000 cP with a density of 

0.966 gm/ml. 

No significant submergence occurs at any wind speed up to 40 knots with oils that have a 
density of less than 0.966 gm/ml or a viscosity of less than 4,000 cP.
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Figure 6. Submergence depth and wind speed (from SL Ross, 1987). 
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Figure 7 (labelled Figure 36) shows a nomograph for the submergence of emulsion ‘mats’ 

or ‘blobs’ of various sizes. 

The residual oil properties used were ‘heavy’ Bunker C, medium Bunker C (from data on 

the Kurdistan spill), light Bunker C (from Bobra and Chung 1986), and heavy Bunker B, or 

No. 5 fuel oil (from Bobra and Chung 1986). Predictions are given for an emulsion with a 

density of 1000 kg/m3 and a viscosity exceeding 50,000 cP. 

Large mats of spilled oil are more buoyant than smaller ‘blobs’; and require a higher wind 

speed for significant submergence to occur. 

As the authors note in their conclusions, emulsions, due to their enormous viscosities, 

behave almost as solids; emulsion mat or blob sizes are possibly only a function of sea 

conditions, but this is unknown. 

The final conclusions of this report are that the over-washing and transient submergence of 

oil spills on water depends primarily on the buoyancy of the oil or emulsion, the viscosity of 

the emulsion and the sea state. A necessary condition for over-washing or transient 

submergence is that the oil be of sufficiently high viscosity so that it can be broken into 

discrete ‘slicklets’ or blobs by wave action. Once this occurs, the degree of over-washing 

and transient submergence is controlled by the size and buoyancy of the slicklets or blobs 

and the prevailing sea state. For non-emulsified oils the size of the slicklets or blobs is 

determined by sea conditions and the surface tension and viscosity of the oil.  

 



RP595 Sunken and submerged 
oils - behaviour and response 

 Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 50 February 2009 

 
 

 

Figure 7.  Effect of spilled oil ‘blob’ size on submergence with wind speed. (from SL     
Ross, 1987). 
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3.3.6 Key parameters of oil submergence 

Fingas, 1988, gave a summary of research achieved up until 1988: 

Summary of Past Research Results 

Heavy or high density oils can become over-washed or sink in water. Oils that have 

densities of 0.90 to 0.96 can become over-washed with seawater in higher sea states. Oils 

with densities of 0.96 to 1.03 will frequently become over-washed with seawater in higher 

sea states. The depth at which over-washing occurs can be predicted.  

Over-washed oil will weather differently than oil on the surface and may be difficult to detect 

as the thin laver of water renders it invisible to remote sensors and human vision at oblique 

angles. 

Heavy oils will also submerge at greater depths than normal over-washing and this 

phenomenon has been called transient submergence or deep episodes. The maximum 

depth to which this occurs is also predictable. 

From the limited amount of laboratory work and tank testing that has been done, it is clear 

that for oil submergence to occur there is a relationship between: 

1. Prevailing sea state, as indicated by wind speed.  

2. The weathered oil density must be above a minimum value, dependent on sea 

state. 

3. The weathered oil viscosity must also be above a minimum value, dependent on 

sea state. 

SL Ross, 1987 devised a series of process equations (Annex 2) and presented examples of 

the relationship between these three variables (as described in Section 4.5). These may be 

a reasonable basis for developing an algorithm for oil submergence, but they have not been 

validated by observations at sea. 
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3.4 Density of spilled oil increased by adherence o f sediment at sea 

The two recent reviews of sunken and submerged oil behaviour; Michel, 2006, ASMA, 2007 

and Syke (2004) looked at broadly the same historical data (mainly from the NOAA, 1992 

report), but defined oil behaviour in slightly different ways.  

The Michel, 2006 report defines 3 behaviours: 

·  Heavier than Water/Sank. 

·  Floated, then Sank after Stranding. 

·  Floated, then Sank without Stranding. 

The pattern of behaviour in the ASMA, 2007 is reported as one, or a combination of: 

·  Neutrally buoyant emulsion. 

·  Heavier than water emulsion (or oil). 

·  Mixed with sediments once stranded, then re-suspended and sank. 

·  Adsorption of suspended particulate matter. 

“Floated, then Sank without Stranding” in the Michel report is similar to “Adsorption of 

suspended particulate matter” in the ASMA report and the incidents reported as having 

these behaviours are presented in Table 11. The two reports differ in the description of 

some incidents and the behaviour of the oil from the original publication sources was 

sought: 

Eleni V  

The NOAA spill history report (NOAA, 1992) does not describe the oil as sinking without 

stranding, and it came ashore:  

It formed a huge viscous slick that was brown to black in colour. Oil washed ashore on the 

English and Dutch coasts. Oil on the shoreline formed pancakes between 0.25 and 12 

inches in diameter. Oil was also reported as globules of thick mousse that appeared on the 

beaches. 

Katina 

Koops and Huisman (2002) describe the oil as submerging and then stranding: 
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The submerged oil, due to its higher specific gravity, floats invisibly under the water surface 

and was driven toward the coast by strong on-shore winds and currents. Finally the oil had 

polluted 60 km of coastline. 

Alvenus 

According to Alejandro and Buri, 1987, an amount of oil estimated between 1,000 and 

1,500 tons adsorbed onto suspended sediments nearshore, and then sank in the surf zone 

where it was trapped between successive sandbars and trenches. 

Thuntank 5 

The tanker grounded in very rough weather (winds up to 25 m/s) and released oil into the 

Baltic Sea. The oil that escaped could not be collected due to the heavy weather and no 

cleanup work was possible before the approaching winter due to the freezing of the sea. 

The oil was therefore spreading along a large area of the eastern coastline. 

Morris J Berman  

The NOAA report of the incident (NOAA, 1995) states: 

Submerged oil was also observed in the shallow nearshore areas. The nearshore, high-

energy, surf zone location was an important factor in the fate of the spilled oil. Wave action 

mixed this oil throughout the water column, causing the oil to pick up sand and become 

heavier. Calculations show that as little as 2% sand by weight could have been enough to 

cause this oil to sink. Whether the oil manifested itself in large mats, patches, clumps, or 

tarballs is most likely related to the physical forces, wave type, wave intensity, and duration 

of exposure to which it was subjected. 

Refloating of some of the submerged oil was observed daily. The oil would tend to rise from 

the bottom in small globules (like a lava lamp), break free, surface, and create a sheen. 

This phenomenon was most noticeable in the afternoons in shallow lagoons. There are 

three theories to explain the mechanism by which this occurred: 

·  Downward sand migration through the oil allowed portions of the submerged oil to 

become lighter and refloat. This theory was tested and observed in a jar containing 

seawater and the source oil mixed with sand. The oil/sand mixture would, over time, 

separate and allow the oil to refloat. 

·  Increased sun angle and higher temperatures caused the oil to refloat, as was often 

observed in the afternoons in the shallow lagoons. 
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·  Increased water column mixing or turbulence refloated the oil because of wave - 

induced currents related to sea breeze effects. This effect would be more 

pronounced in the afternoon. 

Bouchard 155 

The NOAA report (NOAA, 1994) of the incident states: 

By August 15 most of the floating oil had come ashore and heavily coated sand beaches, 

several mangrove islands, and seawalls within Boca Ciega Bay.  

By August 16 very little floating oil was seen offshore. In the shallow, low-energy areas 

along the mangrove islands inside Johns Pass and at a few locations in the surf zone, a 

small fraction of the total spill mixed with beach sand and shallow sediments to form 

underwater tarmats. These mats were described as having the consistency of frosting or 

peanut butter with an outer skin that held the mat together. The mats within the bay area 

tended to fall apart once this skin was ruptured, but the mats offshore maintained their 

cohesiveness. Several tarmats were located offshore in 6 to 20 feet of water. They 

averaged 20 by 150 feet and were about 2 inches thick. 

Lake Wabamun  

Goodman, 2006 reported: 

Because of its density close to that of freshwater, and also after picking up sediments, a 

part of the spilled oil sunk on the bottom of the lake. Sunken oil eventually re-floated in the 

form of small tar-balls, sometimes coalescing then stranding on the shores.  

Baltic Carrier 

Pécseli et al, 2002 reported: 

Some slicks of oil submerged in shallow areas, near shore, apparently after picking up 

sediment. 

It is clear from this review of information from the original sources that sediment / oil 

interaction only occurs in shallow water and most often in the surf zone.  

Sediment / spilled oil interaction rarely happens in the open sea, although the exceptionally 

rough weather during the Braer incident (ESGOSS, 1994) did cause some oil to associate 

with suspended sediment in some areas. This was due to the prolonged period of high seas 

that raised bottom sediment high up into the water column. 
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Behaviour as reported in Michel, 2006 Behaviour as reported in ASMA, 2007 

Spill Name Date 
Heavier 

than 
Water/Sank 

Floated, then 
Sank after 
Stranding 

Floated, then  

Sank without  

Stranding  

Neutrally 
buoyant 
emulsion 

Mixed with 
sediments 

once 
stranded, then 
re-suspended 

and sank 

Adsorption 
of 

suspended 
particulate 

matter 

Eleni V  1978   X X   

Independenta 1979 X    

Katina 1982   X Not reported 

Alvenus 1984  X   X X 

Thuntank 5 1986   X Not reported 

Morris J. Berman 1994   X   X 

Bouchard 155 1993  X X  X X 

Lake Wabamun 2005   X   X 

Baltic Carrier 2001 Not reported   X 

 

Table 11. Incidents where spilled oil was reported to sink without stranding (in bold), following stranding and other observed 
behaviours.
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3.4.1 Oil / sediment or sand interactions in the wa ter column 

Dispersed oil droplets can interact with suspended sediment or sand in the water column 

leading to the sediment or sand adhering to the oil and the density of the mixture becoming 

greater than that of the water. The density of the spilled oil may have already been 

increased by the loss of volatile components by evaporation and by the incorporation of 

water to form water-in-oil emulsions. 

The amount of sediment or sand required to cause the mixture with oil to sink depends on 

the density of the sediment or sand.  

Figure 8 shows the effect of different amounts of wet sand (density 1.992 gm/ml) added to 

emulsified oils of different density with different seawater contents. Lower density oils will 

require greater amounts of sand to sink and emulsions with higher water contents require 

less sand to sink than emulsions with lower water contents. 

There must be sufficient suspended sediment (or sand) available in the water column, and 

the conditions must be suitable to bring this into contact with dispersed oil.  

According to Payne et al., 1987, the variable of SPM (Suspended Particulate Material) 

concentration appears to contribute significantly to the vertical transport of oil: 

·  At low (< 10 mg/l) SPM levels, little transport of oiled particles is expected. 

·  Under moderate SPM (10 to 100 mg/l) levels, significant sorption can occur 

provided that there is adequate mixing of oil and particulates.  

·  Massive sinking of oil may be possible under conditions of higher (> 100 mg/l) SPM 

concentrations (Boehm, 1987). 

The dispersed oil may be temporarily dispersed by wave action, i.e. of larger oil droplets 

that would have re-surfaced, had oil / sediment interaction not occurred.  

In a laboratory study, Guyomarch, Merlin, and Bernanose (1999) showed that a mineral 

load of at least 1.3 to 1.6 grams per litre of seawater is needed to remove oil from the water 

surface due to oil-mineral aggregation. The threshold concentration is dependent on oil and 

clay types, their relative concentrations, and water salinity.  
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Figure 8. The effect of wet addition to emulsified oils of different density containing different amounts of water.  
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This interaction is unlikely to happen in the open sea around the UK where the suspended 

sediment concentration is normally low. However, oil / sediment interactions at sea might 

occur in: 

1. Specific conditions that cause high sediment load in the water column, for example, 

very rough sea conditions for prolonged periods (such as occurred at the Braer 

incident (ESGOSS, 1994)). 

2. Specific locations of high sediment load, for example, river estuaries. 

3. Shallow water (less than 10 metres deep) with a sediment seabed. 

4. The surf zone where oil and sand are subject to intense mixing. 

3.4.1.1 Oil-mineral aggregation or clay-oil flocculation 

Oil-mineral aggregation (also referred to as "clay-oil flocculation") is a process that has 

been studied in some depth by several different groups. OMA is the gradual removal of oil 

from a shoreline in the form of oil-mineral aggregates or clay-oil flocs. This process has 

been proposed as the action that causes eventual self-cleaning of oiled shorelines.   

Oil-mineral aggregation formation has been observed in field situations (Owens et al., 1995; 

Sergy et al., 1999). In general, however, the available evidence seems to indicate that OMA 

does not play a significant role in the fate of oil in the early stages after oil deposition on the 

shoreline. Reed, Kana, and Gundlach (1988) concluded that the OMA formation process 

was not important in the surf zone relative to other transport processes. OMA may, 

however, play a role in longer-term shoreline processes (Fingas 2001). It may be important 

in areas where there are significant concentrations of fines, particularly in areas with coarse 

gravel with open spaces. It may be relevant in longer-term shoreline-oiling modelling  

Crawford et al. (2002) reviewed oil spill fates models including oil-shoreline interaction 

models and concluded that they still need to better describe the physicochemical processes 

involved in the remobilisation of oil from a beach face during and after the oiling event. In 

particular, they conclude, the inclusion of the phenomenon of clay-floc formation on 

beaches would be useful. The nearly neutrally buoyant clay-oil flocs appear to be mobilized 

with minimal wave action and could be carried long distances by currents.  

To some extent, this process occurring in shallow water has been variously described as 

OMA (Oil-Mineral Aggregation), or as clay-oil flocculation by other research groups, and 

has been the subject of extensive studies. However, OMA or clay-oil flocculation is 

generally considered to be a longer-term, self-cleaning process of shorelines that contain a 

high proportion of mineral ‘fines’. As such, it is a process that leads to ‘sinking’ of spilled oil, 
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but only as the wide distribution of oil-contaminated sediments. OMA may eventually 

happen at many oil spills of almost any oil type (but particularly for low viscosity oils), but is 

not generally considered to be an oil sinking or submergence process. 

3.4.1.2 Laboratory studies of oil / sediment interaction 

Spilled oil / sediment interaction behaviour has been the subject of extensive programmes 

of work, mainly for the US MMS (Minerals Management Service) and concerned about 

potential oil spills in Alaska and the Gulf of Mexico. 

Payne et al., 1987 and Payne et al. 1989 carried out oil droplet-SPM interaction 

experiments with an apparatus Illustrated in Figure 9. 

The reaction vessel was normally a 4-L glass beaker, although a 10-L beaker was used on 

occasion. Volumes for reaction solutions were either 3.5 or 9.5 L in the 4- or 10-L vessels, 

respectively. The shaft and propeller connected to the variable-speed motor were used to 

generate specified turbulence levels in the experimental reaction solution. Torque and 

revolutions-per-minute (rpm) generated by the propeller were recorded with a torque meter 

and an rpm-counting device connected in-line between the motor and the propeller shaft. 

The torque and rpm measurements were used to estimate values for energy dissipation per 

unit time in the reaction solution. 

These SPM types included eight natural sediments, one natural marine SPM and two 

commercially available particle phases. Immediately prior to experiments, all of the natural 

sediments were presized with a 53 � m geological sieve and only particles passing through 

the sieve (i.e., particles < 53 � m in diameter) were used. Dispersed oil droplets in aqueous 

phases for experiments were prepared with a defined protocol. The protocol involved 

mechanical blending of a specified amount of oil in 750 ml of 0.4 pm filtered water (Section 

4.2.2) in a commercial multiple-speed blender. 

For experiments containing both dispersed oil droplets and SPM, a volume of a parent SPM 

solution was added to the stirred reaction vessel containing an appropriate volume of 0.4 im 

filtered water. The volume of parent SPM solution added to the reaction vessel was 

adjusted to ensure that number densities of SPM particles would be substantially in excess 

of those for dispersed oil drops. 

During a stirred vessel experiment, each 50 � L aliquot collected over time was transferred 

onto the middle of a microscope slide. The microscope slide contained two stacked cover 

slips at each end. The height of the stacked cover slips was approximately 0.5 mm. A final 

cover slip was then placed on top of the end stacks, effectively "capping" the sample and 

providing flat upper and lower surfaces to the water / oil / SPM droplet. At the Stokes rise 

velocity specified above for 5-pm diameter oil droplets (i.e., 15 mm/hr), all "free" oil droplets 
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in the sample on the slide would reach the upper cover slip in approximately 100 sec. In 

contrast, oil/SPM agglomerates and "free" SPM on the slide would sink to the bottom of the 

"capped" sample. 

 

 
 

Figure 9. Apparatus used by Payne et al., 1987. 

3.4.2 Key parameters of oil / sediment interaction 

There must be sufficient available suspended sediment to interact with the oil  

The concentration of suspended sediment in UK waters depends upon a wide range of 

physical processes, and on fine sediment being available. Sediment transport is initiated by 

wave and current effects on the seabed and by subsequent movement arising from tidal 

and non-tidal currents. Suspended sediment concentrations can vary by an order of 

magnitude over periods of minutes and hours. The concentration also varies vertically (as 

sediment originates at the seabed) as well as horizontally. Time-series data are thus 

essential to the effective description and understanding of suspended sediment 
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concentrations for accurate calculations (based on information from the Oceannet website, 

run by the IACMST (www.oceannet.org)). 

The type and size of sediment are also important, both to concentration, and to interactions 

with oil. 

3.4.3 Modelling approaches to oil / sediment intera ction 

The basis for the mathematical model developed by Payne et al., 1987 and 1989 is the rate 

of reaction of oil droplets and SPM (Suspended Particulate Matter), and it is proportional to 

the concentration of each. The proportionality constants are the turbulent energy dissipation 

rate, the particle-particle sticking coefficient and geometric factors. Particle- particle kinetics 

was originally described by M. Smoluchowski (1917), and somewhat more recently, Birkner 

and Morgan (1968) presented an experimental study similar to the oil / SPM programme. 

The model used, not developed, for oil / SPM kinetics is essentially a well-known general 

particle-particle kinetics expression. 

The oil droplet and SPM model considers oil droplets being dispersed into the water column 

from the surface and sediment being fluxed into the water column from the bottom. The oil 

droplets and SPM collide and stick to form SPM agglomerates at specific rate constants 

that are entered by the user. 

One research team has developed models that describe OMA formation. Sterling et al. 

(2004) and Sterling et al. (2005) described a modelling approach that simulates changes in 

particle size distribution and density due to aggregation by extending the Smoluchowski 

aggregation kinetic model below to particles of different density:  

Sterling et al. (2004) and Sterling et al. (2005) used a parameter estimation algorithm to 

estimate homogeneous collision efficiencies for single-particle type systems and 

heterogeneous collision efficiencies for two-particle systems. Homogeneous collision values 

were greater for clay (0.7) and for crude oil (0.3) than for silica (0.01). Clay and crude oil 

were classified as cohesive particles and silica was classified as non-cohesive. 

Heterogeneous collision efficiencies were similar for oil-clay (0.4) and oil-silica (0.3) 

systems.  

Crude oil increases the aggregation of non-cohesive particles. Data were used to estimate 

first-order flocculation rates, K’ for oil, clay, and silica, and second-order rates, K” for oil and 

clay in oil-clay systems. For oil or clay systems, clay aggregation and droplet coalescence 

can occur at the same relative time scales of clay settling and oil resurfacing. For mixed oil-

clay systems, the relative time scales of clay settling and clay-oil aggregation were also 

within an order of magnitude. According to these researchers, oil-clay aggregation (or OMA 

formation) should be considered when modelling crude oil transport in nearshore waters.  
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Khelifa et al. (2005) conducted a laboratory study to validate the formation of oil-mineral 

aggregates (OMA) in cold brackish and sea waters. Chalk was found to form OMA better 

than bentonite. The in-situ sediment concentration that maximized oil dispersion was about 

300 to 400 mg/l. Stabilization of about a 90% of Heidrun crude oil requires 300 mg/l of 

bentonite and 200 mg/l of chalk.  

The oil spill model SIMAP (Version 4.3) (French McCay et al., 2004), developed by Applied 

Science Associates (ASA), wind data, current data, and transport and weathering 

algorithms to calculate the mass of oil components in various environmental compartments 

(water surface, shoreline, water column, atmosphere, sediments, etc.), oil pathway over 

time (trajectory), surface oil distribution, and concentrations of the oil components in water 

and sediments. SIMAP uses the oil / SPM interaction model developed by Kirstein and 

Clary, 1989 based on the work carried out in Payne et al., 1987 and 1989. This algorithm is 

only used when the suspended sediment load is greater than 10 mg/l (French McCay et al., 

2004). 
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3.5 Sand (or sediment) incorporation after strandin g on the shore 

As illustrated in Figure 8 in Section 5.1, emulsified, high-density oils require the addition of 

relatively little sand to become heavier than seawater. 

The adherence of sand to spilled oil stranded on a sandy shoreline, and then the eventual 

sinking of the oil following subsequent re-mobilisation has been observed at several spills 

(Table 12) and is probably the most common cause of oil eventually sinking. 

This behaviour occurs with heavy crude oils (the Alvenus, Nissos Amorgos and Athos 1 

incidents and the burn residue – and possibly crude oil – from the Haven incident) and with 

HFOs.  

The basic requirements for this behaviour to occur are: 

·  Suitable oil properties; high-viscosity, high density and ‘sticky’ oils. 

·  Suitable shoreline substrate; sand (and possible coarse sediment). 

·  Suitable mixing conditions; either in the surf zone where oil is broken up and mixed 

with suspended sand, or a tidal cycle that strands the spilled oil, allows it stay on the 

shoreline substrate surface for long enough to allow it to incorporate sufficient sand 

for subsequent sinking, and remobilisation. The reports from actual incidents are not 

always clear as to the time-scale required for this behaviour. Some indicate rapid 

sinking following energetic oil-sand mixing in the surf zone, while others seem to 

indicate a longer time-scale involving the tidal cycle. 

The reasons why this behaviour probably does not occur with all spilled oils needs to be 

considered: 

·  Lower viscosity oils would most likely penetrate into porous shorelines and not be 

available for subsequent remobilisation. 

·  Lower density oils (even when emulsified) would not penetrate into the shoreline 

substrate to a degree that allowed them to pick up sufficient sand to subsequently 

sink.  

 



RP595 Sunken and submerged 
oils - behaviour and response 

  Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 64 February 2009 

 
 

Behaviour as reported in Michel, 2006 Behaviour as reported in ASMA, 2007 

Spill Name Date Heavier 
than Water 

/Sank 

Floated, 
then Sank 

after 
Stranding  

Floated, 
then 

Sank 
without 

Stranding  

Heavier 
than water 
emulsion / 

oil 

Neutrally 
buoyant 
emulsion 

Mixed with 
sediments 

once 
stranded, 
then re-

suspended 
and sank 

Adsorption 
of 

suspended 
particulate 

matter 

Alvenus 1984  X    X X 

Presidente Rivera  1989  X   X X  

Haven 1991 Not reported   X  

Vesta Bella 1991  X  Not reported 

Bouchard 155 1993  X X   X X 

Kuroshima 1997  X    X  

Nissos Amorgos 1997  X  Not reported 

Volganeft 248 1999 Not reported   X  

Erika 1999 Not reported  X X X 

SE Florida 
Mystery Spill 2000  X  Not reported 

Prestige 2002 Not reported  X X X 

Athos 1 2005  X  X  X  

 

Table 12. Incidents where spilled oil has stranded, then re-suspended and then sank. 
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3.5.1 Spilled oil / shoreline interactions 

Spilled oil can interact with shoreline substrates such as sand and/or sediment in several 

ways: 

1. Spilled drifts impacts the shore, driven by the wind, and is deposited on the 

shoreline as the tide recedes. 

2. Depending on the shoreline type, some of the spilled oil may penetrate into the 

shoreline substrate, while the remainder stays on the shoreline surface. 

3. The spilled oil that did not penetrate into the shoreline substrate is then re-

mobilised on an incoming tide, re-floating at sea to be re-deposited on another 

section of the shoreline. 

4. Some of this remobilised oil contains a proportion of shoreline substrate (sand or 

sediment) that has adhered to it and the density of the mixture is greater than that 

of the water and the oil / sand / sediment mixture sinks in the shallows. 

As in the previous section, Oil-mineral aggregation (also referred to as "clay-oil 

flocculation") is believed to be a process that gradually removes oil from a 

shoreline in the form of oil / mineral aggregates. This ‘self-cleaning’ action takes 

place as very small (micron-sized) oil droplets and very small mineral particles 

(‘fines’) form agglomerates, or is flocculated.   

5. Some of the sediment may subsequently settle out of the oil. 

 Spilled oil that strands on shorelines that are composed of sediment or sand may 

incorporate some of this substrate as it settles on the beach. When remobilised on a rising 

tide the oil/sand mixture may have a density that is higher than that of the water into which 

it is transported. The oil/sand mixture will then sink in the shallows. 

This behaviour in shallow water may also appear to be due to the mixing of temporarily 

dispersed oil in the surf zone with suspended sediment, also in the surf zone. 

3.5.2 Studies of oil / sediment or sand interaction  

There have been numerous studies on the interactions between spilled oil and shorelines 

and Etkin et al., 2007 provides a convenient, comprehensive and up-to-date summary of 

these studies in a 161 page long report; 28 pages of report, 17 pages of references 

(approximately 270 references) and 18 Appendices on the following topics: 
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·  Shoreline oiling classifications and shoreline types.  

·  Shoreline sediment grain size distribution.  

·  Studies on oil loading, penetration, retention, and holding capacity.  

·  Shoreline oiling in snow and ice.  

·  Shoreline oiling on peat shorelines. 

·  Shoreline oiling with heavy oils.  

·  SOCSEX studies (Subsurface Oil in Coarse Sediments EXperiments). 

·  Oil weathering processes after stranding.  

·  Oil removal by wave action.  

·  Oil re-floatation.  

·  Persistence.  

·  Subtidal persistence.  

·  Impact of marsh vegetation.  

·  Oil-mineral aggregation.  

·  Shoreline oiling modelling.  

·  Shoreline oiling by shoreline length.  

·  Shoreline cleanup assessment team (scat) processes.  

·  Test tank testing.  

Many studies have been conducted on the oil loading, penetration and retention of different 

shoreline types and the examples given here were from the appropriate Appendix in the 

Etkin et al., 2007 report and a review of the original publication. 

Most of these studies have aimed to determine how much oil is retained by a beach, not 

how much of the beach material can adhere to the spilled oil to form a mixture that can 

subsequently be remobilised by the next tide. A combination of oil properties, such as 

adhesion and viscosity, and sediment properties, particularly grain size and sorting, affect 

oil penetration and retention in beach sediments. Long-term retention of subsurface oil in 
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sediments is largely determined by initial oiling, but any oil that can penetrate fine-grained 

or mixed, sandy-gravel beaches is likely to be retained in the subsurface of those beaches. 

Gundlach et al. (1978) showed that depths of oil penetration in the Urquiola spill site in 

Spain increased significantly with increasing sediment grain size. Pertile (1986) described 

stranded oil on remote shorelines:  

·  The penetration of an oil slick will vary as the granular size of the beach sediment. 

Finer-grained sediments allow less penetration than coarser-grained sediments, 

such as gravel.  

·  Oil penetration increases as oil viscosity decreases.  

·  Oil thickness on sediment increases with grain size and the age of the spilled oil.  

High-viscosity, high-density emulsified oils will therefore not penetrate into fine sediment 

beaches and only slightly into sandy beaches. No mention is made of spilled oil retaining 

some beach material when it is remobilised. 

Humphrey, Owens, and Sergy (1993) concluded that the transition from maximum oil 

capacity (or first loading) to residual loading, without storm interaction, is the critical period. 

Oil is removed during a tide cycle by washing of particles. The rate of removal depends on 

the oil viscosity and the attractive forces between the oil and the substrate.  

Owens and Sergy (1996) published a state-of-knowledge review of oil on shorelines, 

including oil behaviour, fate, and persistence. The following conclusions were made on oil 

penetration:  

·  Oil more easily penetrates coarse-sediment (pebble-cobble) as compared with fine-

sediment (sand/granule) beaches.  

·  Penetration is increased in coarse sediments due to fewer grain-grain contacts per 

unit volume, so that there are fewer constrictions through which oil must pass to 

penetrate more deeply.  

·  The larger void spaces between grains also mean that a larger volume of oil can 

enter and be stored in the material of a coarse-sediment beach.  

Hayes and Michel (2001) described the features of gravel beaches that enhance oil 

persistence:  

·  High porosity and permeability that allow deep penetration from the surface.  

·  Potential for deep and rapid burial by clean sediments.  
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·  Presence of localized, sheltered areas where oil can persist for years.  

·  Complex patterns of sediment reworking during storms.  

·  Slow rates of natural replenishment.  

Bernabeu et al. (2006) studied the oil contamination of the inter-tidal area of two beaches 

impacted by heavy oil from the Prestige spill. The characteristics of the heavy oil would 

indicate a low capacity for penetration into sediment. However, oil was found embedded up 

to 2.38 meters and below the groundwater. The researchers concluded that the dynamic 

behaviour of the beach contributed to the burial of the oil in the sediment.  

Guyomarch and Merlin (2000) conducted experiments on the weathering properties of 

several crude oils, including changes in oil adhesion with weathering. Oil adhesion was 

found to increase with weathering time, provided weathering is linked with oil viscosity. The 

following relationship between weathering time and adhesion was found:  

 

  Where   A3 = maximum increase of adhesion  

   Ad0 = initial adhesion (g/m2)  

   k3 = rate constant (hours-1)  

   t = weathering time (hours)  

3.5.2.1  Tank testing of spilled oil / sediment / sand interaction 

An extensive body of work on the loading capacity, penetration, and retention of oil in 

coarse sediments has been carried out in a group of studies known as SOCS and SOCSEX 

(Subsurface Oil in Coarse Sediments Experiments).  

Humphrey and Harper (1993) conducted a series of oil penetration and tidal flushing 

experiments in columns containing granules and pebbles. The development of the Stranded 

Oil in Coarse Sediment (SOCS) model was described by Humphrey, Owens, and Sergy 

(1993). Oil stranded on a beach penetrates only during the tidal period when that part of the 

beach is above the tidal level, so that penetration in the upper inter-tidal zone is expected to 

be greater than in the lower inter-tidal zone. For beaches made up of a mixture of gravel, 

the time required for penetration to more than a few centimetres may require more than one 

tidal cycle, especially if the oil is weathered or emulsified.  
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The emphasis of these studies was on the penetration of oil into the beach; the fate of oil 

remobilised off of the beach (probably containing some beach material) was not studied. 

A series of experiments known as the “Stranded Oil in Coarse Sediments Experiments” 

(SOCSEX II) were conducted by Harper and Kory (1995). In these experiments, a variety of 

oils were applied to several sediment types to measure penetration and retention in vertical 

columns. The major conclusions of the study were: 

·  Penetration and retention of oil in sediments could not be related to any single oil 

property (viscosity, adhesion, wax content, etc.).  

·  The ability of oil to penetrate sediment is reduced with weathering and cooling of the 

oil.  

·  Heavy fuel oils penetrate coarse sediments more easily than most crude oils.  

·  Crude oils penetrate fine sediments more readily than fuel oils.  

·  For a given oil, the penetration increases with sediment coarseness.  

·  In fine sediments, penetration is sensitive to small changes in grain size.  

·  Oil retention is inversely related to penetration potential. Oils that penetrate 

sediments more easily have lower oil retention, whereas oils that are penetration-

limited often have high oil retention.  

·  Oil retention in excess of 200 L/m3 (an oil-in-sediment content of >10% by weight) 

were documented.  

·  For a given oil, retention decreases in coarser sediments.  

·  Each oil shows unique retention patterns.  

·  Heavy fuel oils show maximum retention in coarse sands whereas crude oils show 

maximum retention in granules.  

·  Very small changes in grain size in mixed sediments can result in substantial 

changes in oil retention.  

Harper and Sergy (2007) conducted bench-top experiments to simulate the oiling of coarse-

sediment beaches to determine oil penetration and retention values.  

The Coastal Oil Spill Simulation (COSS) research facility, located at the Civil Engineering 

Department of Texas A&M University, College Station, Texas, was designed to study 
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spilled oil / shoreline interactions. COSS was subsequently renamed Shoreline 

Environment Research Facility (SERF). 

The COSS research facility was opened in Corpus Christi, Texas, in April 1997. The facility 

consists of nine meso-scale wave tanks that can be used as a controlled release facility for 

studies of fate, transport, and remediation of oil releases. Several environments can be 

simulated, including: coastal, intertidal, lagunal, channel, and porous media.  

Cheng et al. (1998) conducted experiments in the COSS wave tank that showed that the 

facility provides a good controlled environment for the simulation of nearshore oil spill 

scenarios. Beach profile changes and wave-induced mixing were shown to be similar to 

that of a natural system. SERF recently upgraded its facilities to increase its capacity. A 

new sensor development lab and a machine shop and analytical lab facilities were added 

along with a focus area dealing with in situ sensing and real time monitoring for oil and 

other environmental parameters. However, no studies on the remobilisation of spilled oil 

containing beach material leading to sinking have been reported. 

3.5.3 Modelling approaches to oil / sediment intera ction 

Etkin et al., 2007 reviewed the state-of-the-art of modelling of the interactions between 

spilled oil and shorelines, but concluded: 

“Despite the large body of published research on shoreline oiling, there remain significant 

information gaps with regard to the dynamic processes involved in shoreline oiling even 

over the relative short-term that would be most directly and practically applicable to oil spill 

risk analysis modelling.” 

Modelling of oil-shoreline interactions has been handled in a number of ways, including:  

·  Assuming all oil reaching a shoreline accumulates on that shore segment. 

·  Assuming all oil reaching a shoreline strands on the shore segment if the tide is 

receding. 

·  Using empirical data, relating the maximum amount of oil retained on shore to shore 

type and oil viscosity, to quantify a oil-holding capacity (e.g., Gundlach, 1987). 

·  Utilizing a complex shoreline interaction model based on shore geography and 

hydraulic interactions (i.e., the COZOIL model developed by Applied Science 

Associates, Inc. for MMS: Reed et al., 1986, 1988, 1989; Gundlach, 1987; Coastal 

Science & Engineering, 1986, 1988; Reed and Gundlach, 1989a,b; and the surf 

zone oil transport model by Cheng et al., 2000). 
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·  Using a statistical approach, i.e., a simple regression model to predict the lengths of 

coastline that would be impacted by an oil slick based on observational data from 

actual oil spills.  

The simplest modelling approach is to accumulate oil on shore when floating oil reaches a 

shore segment, regardless of the oil type, weathering characteristics, shore type, amount of 

oil already on the shore, current and turbulence conditions, and so forth. Many models use 

this simplification. However, it might be desirable to incorporate some of the processes that 

result in some oil being re-mobilised from a shoreline.  

As Etkin et al., 2007 note: 

A comprehensive review of literature on shoreline oiling emphasized that the behaviour of 

spilled oil, as it first becomes deposited or stranded on a shoreline, is complex and depends 

on a number of interrelated factors:  

·  The type and characteristics of the oil (e.g., viscosity). 

·  The thickness of oil already on the shoreline. 

·  Time until shoreline contact. 

·  Timing of the spill oil's arrival with regard to tides. 

·  Shoreline type.  

·  Weather at the time of and after the spill. 

·  Wave energy at the shoreline.  

Accumulation of oil on shore up to an empirically-derived oil-holding capacity is used by 

some oil spill models that include some kind of shore interaction algorithm (Gundlach and 

Reed, 1986; Gundlach, 1987; French et al., 1996; Reed et al., 1999, 2000; Cheng et al., 

2000; French McCay, 2004.) The advantage of this approach is that it is simple to 

implement. However, considerable data are required to derive appropriate holding 

capacities.  

Gundlach (1987), Gundlach and Reed (1986), and Reed et al. (1986) developed a 

computer-based model (SMEAR) representing oil-shoreline interactions.  

Coastlines were identified as one of seven types based on ESI categories:  

·  Exposed rocky shores.  
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·  Sand beaches.  

·  Gravel beaches.  

·  Sheltered rocky shores.  

·  Peat scarps.  

·  Tidal flats.  

·  Marshes/wetlands.  

Oil intersection on a specific shoreline segment was determined by the transport model, 

which summed motions induced by wind and currents. Oil intersecting the shore was 

retained on-shore up to an empirically-derived oil-holding capacity. The oil-holding capacity 

data were derived from observations on moderately to heavily oiled beaches following the 

Amoco Cadiz, Urquiola, and Ixtoc I spills (Gundlach, 1987)  

Once onshore, oil persistence was determined by tidal level and a removal coefficient for 

each shoreline type. Oil removal coefficients (Kf) were calculated from empirical data using 

the equation:  

 

Where   Mi = mass of oil on beach segment  

   Mio = mass of oil originally deposited on the beach  

   Kf = removal rate constant based on exponential decay  

   T = time in days since original deposition  

Rate constants and removal rates are shown in Table 13.      
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Table 13.  Rate constants and removal rates used in the SMEAR model (from Etkin et 
al., 2007). 

Any interaction between the spilled oil and the shoreline substrate that results in some of 

the shoreline substrate becoming attached to the oil and subsequently sinking is not 

modelled by SMEAR. 

The coastal zone oil spill model, COZOIL (Reed et al., 1986, 1988, 1989; Reed and 

Gundlach, 1989a,b; Howlett, 1998) is probably the most comprehensive model that 

includes a dynamic representation of processes controlling oil distribution in the coastal 

zone (Figure 10).  
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Figure 10. COZOIL Mass-Transfer Pathways in the Coastal Zone (From Reed,  
 Gundlach, and Kana, 1989).  

In COZOIL, the foreshore is the shoreline between mean low and high water (tidal range) 

and the backshore is the shoreline above mean high water. When oil comes ashore, if the 

tide is lower than the high tide level and the tide is receding, the oil is deposited if the 

foreshore has not already reached its oil-holding capacity for oil. If the water level is at or 

exceeds the mean high tide level, oil is deposited on the backshore by the waves (in the 

splash zone). The maximum holding thickness is a function of oil viscosity and shore type.  

Inside the surf zone, entrained oil was represented as a continuous distribution, within 

individual alongshore grid cells. Incorporation of water into surface oil (emulsification) was 

simulated offshore and de-emulsification (de-watering) was allowed to occur for oil on the 

foreshore or backshore.  

Oil coming ashore could be deposited on the foreshore or the backshore, or carried into 

coastal indentations (lagoons, ponds, or fjords). Each of the shore types in the COZOIL 

model were characterized by a unique set of parameters, including grain size, porosity, and 

a maximum oil thickness which the foreshore could retain. Oil on the foreshore penetrated 

into the underlying sediments at a rate dependent on sediment grain size and oil viscosity. 



RP595 Sunken and submerged 
oils - behaviour and response 

 Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 75 February 2009 

 
 

Oil could also be carried into the beach groundwater system by wave overwash. 

Refloatation of surface oil occurred during rising tides. 

The eight types of shorelines defined in the COZOIL model were: 

·  Smooth rocky shore or seawall. 

·  Cobble beach.  

·  Eroding peat scarps.  

·  Sand beach.  

·  Gravel beach.  

·  Tidal (mud) flat.  

·  Marsh.  

·  Coastal pond, lagoon, or fjord.  

For each of the shore types, there are eight parameters required by the model: 

·  Reach length (m).  

·  Backshore width (m).  

·  Foreshore width (m).  

·  Offshore distance (m).  

·  Backshore slope (rise/run).  

·  Foreshore slope (rise/run).  

·  Offshore depth (m).  

·  Reach orientation.  

The COZOIL model requires a very large amount of site-specific input data and includes 

algorithms that are difficult to apply in other models and areas because the needed input 

data have not been compiled. It also does not include terms to describe the adherence of 

oil to shoreline substrate prior to remobilisation that could lead to the oil / substrate mixture 

sinking. 
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3.6 Burnt oil residue sinking 

There have been a few oil spill incidents when the cargo of a vessel has burned and the 

burnt residue has sunk. 

3.6.1 Burning of oil 

Crude oil and refined oil products are flammable; under the correct circumstances they can 

be burned. The major use of all refined oil products is to be used as fuels to be burned to 

release energy for either power production or transport. The combustion of the 

hydrocarbons in oil requires that the refined oil product is vaporised or atomised, air is 

available and a source of ignition is present. In these carefully controlled circumstances, the 

hydrocarbons are almost totally converted to carbon dioxide and water vapour (steam), with 

very minor quantities of ash, nitrogen oxides and possibly oxides of sulphur. 

Burning of crude oil and refined oil products under less controlled conditions, such as those 

that occur at an incident involving a vessel, may result in incomplete combustion with the 

formation of a partially burnt residue. 

The basic principles of combustion require: 

·  The flammable hydrocarbons in the vapour phase, or finely divided as an atomised 

spray. 

·  The required amount of air to achieve the conversion of the carbon in the 

hydrocarbon to carbon dioxide (or less optimally, to carbon monoxide) and the 

hydrogen in the hydrocarbon to water vapour. 

·  An ignition source. 

3.6.1.1 Burning of an oil cargo onboard a damaged vessel 

Evaporation of gasoline or kerosene, either from cargoes of these light distillate fuels, or 

from cargoes of crude oils, will be a source of flammable hydrocarbon in the vapour phase. 

If air is mixed into this vapour, there is the potential for a fire or explosion if a source of 

ignition occurs (such as a spark) or is present (fire in another part of the vessel). Stringent 

precautions are taken to prevent this situation occurring during the transport of crude oil 

and refined oil products, but they may occur in an accident. 

Ignition of the flammable vapour above an oil cargo in tanks will cause the vapour to burn 

(possibly explosively). The heat generated by the burning vapour may then heat the liquid 

phase of the oil and cause vaporisation of heavier hydrocarbons that would not normally 

evaporate at the prevailing ambient temperature. If this occurs, the fire may become self-
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sustaining; the heat from the fire generates further fuel in vapour form from the oil and the 

fire continues. The intensity of the fire may be such that it causes significant damage to the 

structural integrity of the vessel and it eventually sinks.  

3.6.1.2 Burning of spilled oil 

If light refined oil products, such as gasoline or kerosene, are spilled onto the sea they will 

evaporate (very rapidly in the case of gasoline) into the air to generate a substantial cloud 

of potentially flammable vapour. If an ignition source is present there will be an explosion 

and fire. However, if no ignition source is present the cloud of flammable vapour will rapidly 

be diluted with air to below the explosion or flammable limits; there is too much air and not 

enough fuel vapour to support combustion. The same situation prevails at a spill of crude 

oil. There may be a risk of fire or explosion in the area where high concentrations of 

flammable vapour are present. This risk will reduce as the flammable vapour cloud is 

diluted into the air. 

There will be a period of time after the initial phase when spilled crude oil on the sea has 

the potential to be ignited and subsequently burned. The use of in-situ burning as a 

response technique has been studied in some depth, particularly in Canada and a very 

comprehensive review has been compiled (Buist et al., 1994). The most significant general 

findings from these studies are: 

·  The spilled oil must contain an appreciable proportion of components that will 

evaporate if subjected to heating. Crude oil residues from which all the gasoline and 

kerosene components have evaporated are difficult to ignite. 

·  The oil must be in a sufficiently thick layer (at least 2 to 3 mm, and preferably much 

more) to enable the combustion to be self-sustaining, once initiated by the 

application of an ignition source. Thinner oil layers lose too much heat to the 

underlying water mass (which acts as a heat sink) for burning to continue through 

evaporation of flammable components from the oil on the sea surface. Application of 

in-situ burning, in almost all circumstances, requires the spilled oil to be corralled in 

a boom and concentrated in thickness before an ignition source is applied. The 

boom must therefore be of a design that can withstand the very high temperatures 

generated by the burning oil. 

·  The use of powerful ignition sources, or the addition of substantial amounts of fuel 

such as gasoline, can allow spilled oil to be burned after the initial time “window of 

opportunity” for in-situ burning has passed, but only to a limited degree.  

·  In-situ burning of spilled oil, even when corralled to the required thickness in a fire-

proof boom, is only partial. A proportion of residue, composed of the partially burnt 
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heavy components of the spilled oil, remains after the lighter, more flammable 

components of the oil have been burnt. These residues can have a high density and 

some burn residues have a density high enough to cause them to sink. The burn 

residues can also be very sticky. 

Spills of low viscosity crude oils and refined oil products (oils that contain a relatively high 

proportion of volatile and flammable hydrocarbons) will rapidly spread out to very thin layers 

on the sea surface if not contained in booms. These layers will either rapidly evaporate 

(light distillate fuels) or spread to layers that are too thin to support self-sustaining 

combustion. Higher viscosity oils such as RFO cargoes of HFO bunkers contain insufficient 

volatile and flammable components to burn when spilled on to the sea.  

3.6.2 Incidents where oil has been burnt 

There have been two well-reported incidents where oil has been reported to have burned 

and then sank (Table 15). 

Sansinena 

The tanker SS Sansinena exploded while berthed at Pier 46, Los Angeles harbour in the 

process of loading more than 1,260,000 gallons (4,800 tonnes) of bunker fuel oil on 

December 17, 1976. The bunker fuel oil had an API gravity between 7.9° to 8.8° and a 

viscosity of approximately 180 (no units reported) at 60°F. Approximately 8,400 gal of oil 

were reported to be floating on the water surface, however, the majority of the oil sank. 

Divers reported large pools of oil on the harbour bottom, where the oil had settled into 

depressions along the bottom’s uneven surface and collected in pools up to three meters 

deep. The oil was stationary and unaffected by tidal action. 

It may seem that the explosion on the Sansinena was caused by the loading of bunker fuel 

oil. However, the Sansinena had just offloaded its cargo of crude oil and was taking on 

ballast when a massive explosion split the ship in half and obliterated multiple port 

buildings. The casualty resulted in six members of the Sansinena's crew known dead, and 

22 injured. The blast shattered windows for miles around and triggered a fire that spread 

across the dock and around the tanker.  

A United States Coast Guard investigation (USCG 1977) later concluded that the incident 

was caused by build-up of flammable vapour from ballasting the cargo tanks, where the 

previous cargo of Attaka and Sepinggan crude oils had been carried, on the deck of the 

ship. Although the bunker oil sank, it had not been burned. 
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Honam Jade 

In the response to the spill of approximately 2,000 tonnes of Heavy Arabian crude oil from 

the HONAM JADE (South Korea, 1983) the spilled oil on the sea was deliberately ignited. 

As a result, a dense residue formed which sank and seriously contaminated shell fish beds 

(Moller, 1992). 

Haven 

The Cypriot tanker Haven, a 109,700 tonnes, 313mt. long oil tanker, caught fire and 

suffered a series of explosions on the 11th April 1991, while at anchor seven miles off the 

coast of Genoa. The vessel was carrying approximately 144,000 tonnes of Heavy Iranian 

crude oil.  

The initial explosions blew the deck off the central cargo tanks and split the ship in two. One 

part sank rapidly while the remainder of the ship and cargo burned fiercely for about 70 

hours and then the vessel sank. Some of the unburned oil that was spilled into the sea 

naturally dispersed, a small amount was recovered at sea and some came ashore.  

The following mass balance was estimated after the incident (from Amato, 2003): 

 
 

Fate of oil 
 

 
Tonnes 

Evaporated 14,500 – 17,000 
Burnt 95,500 – 103,500 
Washed ashore 1,000 - 1,500 
Collected from the sea surface 2,000 
Sunk 10,000 - 50,000 
Remained in the sunken wreck 3,000 
Naturally dispersed at sea 3,000 – 5,000 

 

Table 14. Fate of the oil from the Haven. 

The partially burnt oil was said to have sunk in the form of ‘bitumen’. 

The Haven incident is a well-studied example of an incident where a cargo of crude oil 

burned fiercely within the tanks of a damaged vessel that subsequently sank. The 

properties of the residue from the burned oil were the result of the specific circumstances 

(intensity and duration) of the burn. A less intense fire, or a fire that lasted for less time and 

was terminated by the earlier sinking of the vessel, would have produced a burn residue 

with different properties.  



RP595 Sunken and submerged 
oils - behaviour and response 

  Maritime and Coastguard Agency 

 
 

BMT Cordah Limited 80 February 2009 

 
 

Incident Year  Type of oil  API Gravity  Location Fresh 
water  

Sea 
water Behaviour 

Sansinena 1976 

 
 

Bunker C / HFO 
 

Attaka crude oil 
 

Sepinggan crude 
oil 
 

7.9° to 8.8° 
 

35.1 
 

43.0 

Los Angeles, 
USA  Sea Oil (burn residue) sank 

Honam Jade 1983 Heavy Arabian 
Crude oil 27.9 Yosu, South 

Korea  Sea Oil (burn residue) sank 

Haven 1991 Heavy Iranian 
Heavy Crude Oil 30.35 Genoa, Italy  Sea Oil (burn residue) sank 

 

Table 15. Incidents where oil was reported to have burned and sank. 
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3.6.3 Key parameters resulting in burnt oil residue  sinking 

The key parameters that result in oil burning and subsequent sinking of some partially burnt 

residue, due to a density in excess of seawater, are complex and depend on the type of oil, 

the intensity or ferocity of the fire, the duration of the fire, the location of the oil while 

burning and other factors. 

The main factors are: 

·  The oil should contain a reasonably high proportion of volatile hydrocarbons. Light 

distillate fuels and almost all crude oils are capable of being burned while they are 

contained.  

·  An ignition source must be present. Gasoline vapour can be ignited by a spark. 

Some crude oils contain a very high proportion of gasoline components (as reflected 

by a very low Flash Point) and will also ignite easily. Heavier crude oils (with higher 

Flash Points) are less likely to be ignited by low-intensity ignition sources. The 

ignition of RFO or bunker HFOs would be much more difficult, but could be possible 

if an intense fire were to be already burning in another part of the vessel. 

·  The oil must be contained within a vessels (possibly damaged) tanks or within 

booms if spilled at sea to support a self-sustaining fire. Spilled oils at sea that are 

not contained within booms rapidly spread to be too thin for ignition to occur (due to 

evaporative loss of gasoline and kerosene components) or to sustain combustion 

(due to the heat sink effect of the underlying water. 

·  The properties of any residue remaining after a fire depend on the type of oil and the 

intensity and duration of the fire. It is not possible to estimate the properties of any 

residues, such as density, unless the intensity and duration of the fire is also 

specified. 

Buist et al (1994) contains a very comprehensive description of the factors involved and 

which should be taken into account when controlled burning of oil at sea is considered. 

3.6.4 Modelling approaches to burnt oil residues si nking 

There are too many unknown variables to model a general case of oil being partially burnt 

to yield a proportion of residue that will sink at sea. Modelling specific burn scenarios with 

specified inputs would be possible to some extent, but the possible range of scenarios is 

very large. 
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4 MODELLING 

Section 3 provided a review of the 5 processes that can lead to oil submerging or sinking at 

sea, together with an assessment of parameters that are most important in these processes 

and the various models and algorithms that have been developed to describe them. This 

section builds on the review by proposing a methodology by which the most important 

processes can be added to existing mathematical models of surface oil trajectory, 

weathering and dispersion.    

When designing the methodology, the emphasis has been on producing a practical tool to 

support spill responders, rather than a complex mathematical modelling tool which gives 

limited support to decision making during a response.  

The preceding section has shown that a number of models and algorithms have been 

developed for the various processes that can lead to sunken and submerged oil. No model 

that can be applied in all situations has yet been developed. Consequently, any tool to 

determine when oil will become submerged or sink will require a number of modules which 

will be activated under certain conditions.  

Many of the models developed are based on laboratory studies and have not been well 

validated in real oil spills. Whilst they describe oil behaviour under laboratory conditions, it 

is uncertain whether they would be as successful in the less well controlled marine or river 

environment. Personal communication with responders at the Sunken Oils Workshop at the 

2008 International Oil Spill Conference (4-8 May 2008, Savannah, USA) suggested that 

when models had been applied to determine whether oil would sink in real situations, they 

had not been very successful.  

Given the uncertainty about the validity of the existing models, the proposed protocol for 

modelling sunken oils takes a pragmatic approach. Where possible, this uses the model 

algorithms that have already been developed for a process but in a way that alerts 

responders when there is a possibility that oil might have become submerged, rather than 

giving a definitive answer that oil has or has not become submerged. In other situations, 

where the information required models is too specific for a general UK-wide tool, more 

pragmatic approaches are suggested together with recommendations for further work. In 

both cases, text-based alerts will be provided to responders highlighting that oil may have 

sunk or become submerged. The system will also provide tools that allow responders to 

predict the potential pathway of the oil should it have become partly or wholly submerged.  

As highlighted in the previous section, there appear to have been several slicks where oil 

has become submerged (or part of the slick has become submerged) but responders have 

not realised this, assuming that the oil has evaporated, naturally dissipated, or that less oil 
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was spilt than originally calculated. On this basis, it is considered that one of the most 

important functions of any tools that are developed will be to simply alert responders to the 

fact that oil may have become submerged, so that they can then prepare monitoring and 

recovery equipment accordingly.  

4.1 Capabilities Of Existing Oil Spill Models 

There are several existing marine oil spill models. These primarily consider the fate of spills 

on the sea surface although some notably also contain algorithms that can model some of 

the phenomena leading to submergence and sinking of oil.  

The MCA currently uses BMT Cordah’s Oil Spill Information System (OSIS) and much of 

this section uses this as its basis. However, the capabilities and model approaches of OSIS 

are similar to other models available, such as ASA’s OILMAP or SINTEF’s OSCAR system.  

 

Figure 11.  Screen shot of OSIS showing contour trajectory results against electronic 
navigational chart, volume graph and metocean data. 

The models are typically designed to be run on Microsoft Windows through a user interface 

which includes a GIS-based map on which the results of the spill trajectory and dispersion 

can be viewed. The models include databases of gridded tidal and non-tidal currents, winds 

and wave data. These cover the area of interest and are used to drive the trajectory and 

spreading of the oil, which includes current and wind advection, gravity spreading, lateral 

and shear dispersion and Stoke’s drift. In some cases, this data is entered by the user and 
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many models are also able to connect with oceanographic forecast data output from 

institutions such as national meteorological offices.   

The models typically contain the main weathering processes of interest to responders, 

including emulsification, evaporation and natural dispersion. Some may also include some 

sediment interaction, biodegradation and other processes. The models can consider 

stranding of oil and in some cases refloating and restranding. 

Results are exported as time series showing the volume of oil in different phases: 

evaporated oil fractions, emulsified oil in the main slick, naturally dispersed oil and beached 

oil. These are output as graphs, spreadsheets and reports. They can also determine oil 

thickness and dispersed concentrations in the water column, which are output as contours 

which may exported to other GIS packages.  

The most important points to note are that most models can output the density and viscosity 

of the weathered oil, which are two of the most important parameters when considering 

sunken and submerged oil. In addition, they can easily be linked to the new data inputs 

required, such as third party model outputs of gridded sea temperature, salinity and 

suspended sediment concentrations.  

Information on the model algorithms used in OSIS can be seen in Walker et al (1995).  
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4.2 Methodology 

The new method will consider the five processes which can lead to oil sinking or 

submerging: 

·  Oil density greater than that of ambient water when spilt. 

·  Oil density close to but less than that of ambient water following weathering. 

·  Oil density close to or greater than that of ambient water following mixing with 

suspended sediment in the water column.  

·  Oil picks up sediment after stranding, and refloats with a density close to or greater 

than that of ambient water and subsequently sinks or submerges. 

·  Oil density close to or greater than that of ambient water following burning. 

The new methodology will require models, calculations and assumptions describing the 

change in properties of the oil resulting from the above processes. Figure 12 shows the 

broad approach that is proposed.  

Burning of oil is considered a complex process from which it is very difficult to generate 

accurate model predictions or estimates of resulting oil properties. It is therefore not 

included in the proposed methodology but responders must be made aware that residue 

from burning could sink. The rationale behind the exclusion of burning oil from the 

methodology is given in section 4.3. 

For the other processes, the methodology provides an iterative process by which the state 

of the oil (floating, sunken or submerged) is determined at each time step of the model, 

using methods and algorithms described in the first section of this report. The subsequent 

transport of the oil will be dependent on this state and separate transport models for each 

are proposed. The iterative method also recognises that the state of the oil may change 

depending on conditions, such as changes in ambient water density or wave conditions.  

Figure 12 provides only a broad description of the method. Section 4.3 describes each of 

the processes and how they fit within the methodology outlined in Figure 12 in more detail.  

More importantly, the methodology also recognises that many of the calculations include 

large assumptions and have not been well validated in real spills, and the outputs should 

not make the situation appear as ‘black-and-white’ as the flow diagram in Figure 12 

suggests. Therefore, the proposed system will also include decision support tools which are 

described in the following section.  
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Figure 12. General approach to modelling oil sinking or submerging. 
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4.2.1 Decision support outputs 

The tool should include decision support output that can: 

·  alert responders that there is a risk of oil becoming submerged or sinking. 

·  allow for uncertainties in model outputs by providing a results that describe 2 or 

more possible outcomes. 

4.2.1.1 “Traffic light” results 

It is proposed that the new methods do not always give definitive outputs but allow for 

uncertainty in model results by indicating that there is a high, medium or low probability that 

oil may sink. A ‘traffic light’ approach is proposed: 

·  Green: Oil very unlikely to submerge or sink. 

·  Amber: A probability that oil might become submerged or sink. 

·  Red:  A high probability that oil will submerge or will sink. 

The traffic light system should be supported by text-based guidance giving further details to 

aid decision-making.  

Traffic light results can easily be incorporated within status panels are time series graphs 

that are a feature of existing modelling systems.  

4.2.1.2 Running spills in parallel 

Responders should be able to model floating, submerged and sunken oil spill scenarios in 

parallel on the same interface. The drift of spilled oil that has sunk or is submerged below 

the sea surface for a proportion of the time will not be influenced by the wind (or will have 

reduced wind forcing). The spilled oil trajectory will therefore be different from that of oil on 

the sea surface. This will allow responders to view the trajectories of the oil in different 

phases, both allowing for each eventuality and for events where only a portion of the oil has 

become submerged.  

As well as viewing surface current vector fields, it should be possible to view current vector 

fields at other depths and near to the seabed. This will support responders in assessing 

potential future pathways.   
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Figure 13. Possible method of displaying surface and submerged oil results in parallel. 
Surface results (with centre of mass line and times) are in black. Submerged oil slick is in 
orange with purple centre of mass line.  

4.2.1.3 Text-based guidance 

It is important that responders do not overlook the fact that oil may have become 

submerged, or may shortly become submerged. Responders should be aware that such 

events could occur and should know how to monitor to determine whether oil has (or could) 

become submerged. It is recommended that the new modelling software contains some text 

based guidance to allow this. For example: 

“There is a potential that this oil may sink as its viscosity and the sea state indicate that it 

could break into rafts and be pushed under the water.  

·  On scene personnel should be asked to report on whether sea states are as 

modelled and whether they can see oil floating low in the water or being pushed 

below the surface 

·  Observers in surveillance aircraft should be made aware that the oil may have sunk 

/ be submerged below the sea surface for a significant proportion of the time and 

may therefore not be visible or available for detection by SLAR, UV or IR. “  

This text-based guidance can be incorporated within status panels or dialog boxes of 

existing systems.  
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4.3 Modelling individual processes  

4.3.1 Oil burns 

The burning of oil at sea is a very complex process involving a number of unknown 

parameters. There are no models currently available that can adequately model such a 

process and no practical guidance can be given on whether burning oil will sink, submerge 

or float, or a combination of the three. As it is a fairly extreme event, which is not dependent 

on modelling environmental processes, it is not proposed to include it within the system.  

However, responders should be made aware that, if oil burns, there is the potential that oil 

will sink.  

4.3.2 Oil density is greater than ambient seawater density 

4.3.2.1 Float-sink calculations 

Where oil density is greater than seawater density, the oil will sink. As discussed in the first 

section of the report, this can only occur when the oil has such a density in its spilt state – it 

is very unlikely to attain a higher density that the surrounding water through weathering 

alone. This type of spill is rare in full salinity seawater and will only occur when very highly 

processed oil products, such as slurry oil or carbon black, are spilled. It is more likely to 

occur in estuarine water.  

Once sunk, should the oil move into an area where seawater densities become higher than 

that of the oil the new system will show the oil rising again to the surface. This is only likely 

to occur in estuarine environments, where oil that has sunk in brackish water rises again 

once in contact with higher salinity seawater (such effects have been recorded in actual 

incidents). By accounting for this process, the model will also allow for oil that becomes 

trapped on a pycnocline (oil is denser than the upper layer of water but less dense than the 

lower layer).  

If the sunken oil becomes buoyant again following an encounter with higher density 

seawater, the density difference may be such that the oil will still remain submerged. To 

account for this, the calculations in section 4.3.3 (the SL Ross model) should be applied to 

the risen oil.  

4.3.2.2 Decision support outputs 

If the oil is denser than the ambient seawater the ‘traffic light’ system should give a ‘red 

alert’ for the potential for sinking oil. A text-based output should be produced, for example: 
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“The oil density is predicted to be greater than that of the ambient seawater and 

therefore has a high probability of sinking.  

·  On scene personnel should be asked to report on whether oil is disappearing 

from the sea surface on spilling. 

·  Observers in surveillance aircraft should be made aware that the oil may have 

sunk and may therefore not be visible or available for detection by SLAR, UV 

or IR.  

·  Responders may wish to consider seabed oil monitoring activities at the site 

and downstream of the spill location.  “  

If the oil density drops below that of the ambient seawater, then further red, amber or green 

alerts will be given in accordance with procedures outlined in section 4.3.3.  

Once the oil sinks, the model will show both surface transport results (as if the oil did not 

sink) and sunken oil transport in parallel. This will allow for situations where the real 

conditions differ from those in the model databases and oil does not sink. It will also 

highlight to responders that oil has a potential to sink and to remain observant. 

4.3.2.3 Transport models 

Oil will sink to the seabed at a speed (a ‘settling velocity’) which is dependent on its: 

·  Shape. 

·  Volume. 

·  Density. 

·  The local oceanographic regime (currents and turbulence).  

There are standard equations and tables from which the rate of descent can be calculated 

(Stoke’s Law for small droplets and Heywood tables for larger material). This settling 

velocity will have a bearing on where the oil will reach the seabed. If it is slow, the oil may 

drift some distance before settling. However, the parameters required in these equations (or 

tables) are not currently determined by existing surface models and it will consequently be 

difficult to calculate a settling velocity. 

The shape and size of the sinking oil fragments or globules cannot be readily characterised 

in a generic spill model. However, it would be possible to use the SL Ross model to 

estimate particle sizes. By converting the volume into a sphere, it would be possible to 
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apply the settling velocities from the Heywood tables to the oil. It is proposed that this 

approach be used in the methodology. If there are subsequently found to be issues with this 

approach, then the model should assume that the oil will settle on the seabed immediately 

below where it sank at the surface.  

Once oil is on the seabed, it will either remain stationary on the bed, could roll along the 

bed under the action of currents or, if currents are strong enough, may become 

resuspended and be transported along the seabed in a series of steps of settling and 

resuspension. The speed of currents required to move or resuspend the oil is dependent on 

the size, shape and density of the oil particles. A smooth heavy oil settled in a hollow will 

require higher current speeds to move than a lighter irregular shaped oil fragment located 

on a flat seabed. Again, too much site and scenario specific data is required to determine 

an accurate speed of movement, although sediment transport (or similar) models could be 

potentially be applied. A more practical solution would be to apply the seabed current 

directly to the oil (with no other spreading) and mark out any area over which it passes on 

the GIS. This would also allow for the spreading of seabed oiled particles along the path. 

No additional turbulent dispersion of oil is proposed. 

Should the sunken oil encounter higher water densities and start to rise, for example along 

a estuarine salt wedge, it should pick up the currents at the level it has risen to. Similarly, if 

trapped on a pycnocline, it should be transported at the velocity of the currents at the 

pycnocline.    

Figure 14. Possible method of displaying surface and sunken oil results in parallel. Surface 
results (with centre of mass line and times) are in black. Current sunken oil predicted 
position in dark brown, with sunken oil pathway shown in pink. 
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No weathering of the oil will be conducted when sunken. Uptake of sediment by the oil 

whilst on the seabed is highly probable but a difficult process to model. It will increase the 

density of the oil increasing the likelihood of it remaining sunken on the seabed. However, 

given the difficulties of modelling the process, it is not proposed to include it within the 

methodology.  

4.3.2.4 Database requirements 

In order to determine whether the oil density is greater than that of the ambient seawater, 

the system will require a database of seawater density for locations around the UK to be 

included. Ideally this should be gridded and include variations across the tidal cycle (or be 

from an operational forecast model).  

4.3.3 Oil density is close to but less than the amb ient seawater 

4.3.3.1 Float-submerge calculations 

Where oil density is close to but less than that of the ambient seawater, it can become 

submerged if the oil properties and ambient conditions are right.  

Of the five processes, this process can present the biggest challenge for responders. The 

review of processes presented in the first section of this report concludes that other 

processes will generally lead to oil sinking rather than submerging. Submerged oil is more 

mobile than sunken oil and can be carried great distances unseen from the surface. It is 

therefore the most important process to include in the system.  

The model developed by SL Ross (SL Ross, 1987) provides us with a technique that can 

be applied to weathered oils to determine if they are likely to become submerged. The 

model is based on laboratory and tank testing algorithms and has not been proven in real 

spills. However, it is possible to use the results to give a ‘red-amber-green’ approach to oil 

submerging and to give guidance to responders on observable indicators that oil might be 

about to submerge. In addition, unlike some of the shoreline sediment interaction models, 

the input data required by the model can be taken directly from existing surface oil 

weathering models (such as OSIS, OILMAP and OSCAR) and from other available 

metocean data sources.  

The SL Ross model involves two stages: 

·  The first uses the oil viscosity and wave conditions to determine whether the slick 

will break up in fragments, and determines the size of these fragments.  
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·  The second determines the depth of submergence of the oil (if any) as a result of 

wave conditions, oil density and the fragment size.  

The model determines the proportion of the oil that will become submerged at different 

depths (for example, >20% will be submerged to a depth of 5cm) and this provides a 

method for indicating the probability of oil becoming submerged. For example, it might be 

considered that there was a high likelihood (‘red alert’) of oil becoming submerged if the 

model determined that 50% of the oil was submerged at a depth of 10cm, and a medium 

likelihood (‘amber alert’) of oil becoming submerged if between 10% and 50% of oil was 

calculated to be submerged at the same depth, with a low probability of submergence if 

less than 10% of oil was submerged to 10cm depth.  

BMT Cordah has conducted sensitivity tests on the SL Ross model to determine values of 

percentage and depth to be applied to this analysis. A number of oil viscosity, density and 

wave characteristics were applied. It was found that most scenarios resulted in significant 

oil being present at depths of 1mm and 1cm and therefore these would not provide useful 

indicators of oil submerging. A cut-off of 10cm resulted in more discrimination between 

results and has been applied in the ‘traffic light’ system below, However, in reality the model 

needs to be tested against more realistic scenarios (preferably at sea) and have more in-

depth analysis conducted to determine appropriate values.  

4.3.3.2 Decision support outputs 

The following alert conditions are proposed: 

·  ‘Red alert’ – More than 50% of oil predicted to be submerged to greater than 10cm. 

·  ‘Amber alert’ – 10% to 50% of oil predicted to be submerged to greater than 10cm. 

·  ‘Green’ – Less than 10% predicted to be submerged to greater than 10cm. 

On ‘red alert’ a text-based note will read  

“There is a high probability that this oil will become submerged as its viscosity, density and 

the sea state indicate that it could break into rafts and be pushed under the water.  

·  On scene personnel should be asked to report on whether sea states are as 

modelled and whether they can see oil breaking into rafts, floating low in the water 

or being pushed below the surface 

·  Observers in surveillance aircraft should be made aware that the oil may have sunk 

/ be submerged below the sea surface for a significant proportion of the time and 

may therefore not be visible or available for detection by SLAR, UV or IR. “  
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On ‘amber alert’, the note should read similarly, but ‘high probability’ should be replaced 

with ‘medium probability’.  

The model results should show both the surface transported oil and the submerged 

transported oil. This allows for both eventualities and also the eventuality that only part of 

the slick becomes submerged.  

4.3.3.3 Transport models 

Currents below the sea surface may vary from those at the surface, and there will be 

reduced effects from wind and waves. The system should be able to use data from 3D 

metocean models to take account of this. The SL Ross model will determine the depth to 

which oil fragments will submerge at each time step. It would be possible to spread the oil 

across the water column in the proportions output by the SL Ross model, and apply 

differential currents across these. However, given the uncertainties in the model outputs 

(both from the model and other input data), it is felt that this would be overcomplicating the 

modelling process. Therefore, it is proposed that the mean depth of submergence from the 

SL Ross model should be used when determining the currents. 

Spill trajectory and weathering models for oil spill response typically take account of the 

main short term weathering processes: emulsification, evaporation and natural dispersion. It 

is recommended that these processes are not applied to oils that are sunken or submerged. 

Emulsification requires turbulence and mixing of oil with water, which will be reduced as oil 

is submerged below waves. Evaporation will not occur below the water and in any case, the 

lighter evaporative components are less likely to be present in the type of oil that will 

submerge. This is also true of the components that would naturally disperse. 

Once submerged, the oil will continue to disperse under turbulent diffusion, although the 

effect of wind and wave diffusion will be reduced. Ideally, appropriate random walk or 

turbulent diffusion algorithms should be applied to the submerged oil fragments to 

determine further dispersion. However, if this is not practical then simply tracking the oil 

distributed over the area in which it sank will give a good indication of the areas in which to 

monitor for oil.   

The SL Ross model will be applied at each time step and it will be possible for submerged 

oil to resurface, and to become submerged again. For periods when the oil is on the 

surface, the surface transport and weathering model should be applied.  

One aspect that is not considered in the above method is the inertia of large oil fragments. 

There is a possibility that these will not respond immediately to changes in current speed, 

as they will have their own momentum. However, adding methods to account for this is 

considered to be overcomplicating the approach at this stage.  
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4.3.3.4 Databases 

The SL Ross model requires information about wave height and steepness. This can be 

gained from existing metocean data inputs, or from metocean forecast models and is 

discussed in more detailed in section 4.4. However, it is important that this parameter is as 

accurate as possible and such inputs may not capture local effects on waves. Therefore, it 

is suggested that a manual override for wave conditions be included in the model.  

4.3.4 Oil mixes with suspended sediment 

4.3.4.1 Float-sink calculations 

Kirstein and Clary (1989) have developed a model that looks at oil and sediment 

interactions in the water column, to determine the effect on oil sinking. The model 

algorithms have been reviewed by the project team to assess whether they might be used 

in the proposed system for this study. The basis for the model is the rate of ‘reaction’ of oil 

droplets with suspended sediment, and this rate is proportional to the concentration of 

each. The key parameters in the process of spilled oil interaction are: 

1. Dispersed oil concentration. 

2. Spilled oil properties. 

3. Suspended sediment concentration. 

4. Suspended sediment properties. 

5. Turbulence level. 

The oil properties and sediment properties need to be combined to produce coefficients of 

cohesion in the collision process. This must be determined experimentally and addition of 

this technique to existing models will require further laboratory work.  

Determination of such data would require additional laboratory characterisation to be 

conducted to enter the data into many existing models and a more practical approach is 

proposed. ASA’s SIMAP model includes the Kirstein and Clary model within it, although it is 

not known with what accuracy this can be applied to response scenarios. The spilled 

oil/sediment interaction models developed in the USA have mainly been used for NRDA 

(Natural Resource Damage Assessment) purposes. Many of the important factors can be 

examined in detail after a spill. Precise inputs for the variables can then be used in the 

models.   
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The approach proposed for adding this process the existing models is to use the ‘rules of 

thumb’ developed by Payne et al. (1987) for sinking of oil in contact with suspended 

particulate material (SPM), outlined in section 3.4.1. These provide a practical approach 

that are not specific to any particular site or oil but only to the concentration of SPM: 

·  At less than 10 mg/l SPM oil is not expected to pick up sufficient sediment to sink, 

no matter how much mixing occurs. 

·  Between 10 and 100 mg/l SPM, oil may sink if sufficient mixing occurs.  

·  At greater than 100 mg/l SPM, large amounts of oil may sink if mixing is sufficient.  

This approach will require some threshold values for the oil’s ‘stickiness’ and the amount of 

wave energy. Light and non-sticky oils will not pick up sediment and in very calm conditions 

no mixing with SPM will occur. The oil’s ‘stickiness’ is dependent on the chemistry of the oil 

and its viscosity. Unfortunately, having reviewed the model proposed by Payne et al (1987 

and 1989) it has not been possible to determine suitable values and this is an area for 

further research. In the interim, it is recommended that this procedure is applied to any non-

distillate oil entering water with the above SPM concentrations, where sea state is “Slight” 

or greater. However, it should be highlighted that this is an arbitrary threshold value 

determined by the authors based on experience and is not based on any experimental 

evidence.  

Although the above method is very much a simplified and practical approach, it can be 

further justified when it is considered: 

1. There are relatively few waters around the UK coast where SPM > 10mg/l. An SPM 

model animation available from Proudman Oceanographic Laboratory (available 

through the Oceannet website operated by IACMST: www.oceannet.org), shows SPM 

concentrations exceeding 10 mg/l around large estuaries and in the coastal Southern 

North Sea but elsewhere generally being 5 mg/l or less.  

2. Oil mixing with sediment will generally sink to the seabed close to the coast and 

therefore presents less of a risk of being ‘lost’ than submerged oil which is transported 

in the water column offshore.  

There is potential that oil will only submerge following mixing with sediment – its density 

may only increase to close to that of the ambient water. However, to determine how the oil 

will behave would require too much scenario specific information, therefore it is proposed 

that the system assumes that oil mixing with sediment will sink.  
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4.3.4.2 Decision support outputs 

It is proposed that the ‘traffic light’ categories are applied to the SPM levels as follows:  

·  At <10mg/l SPM, oil will be assumed to float and the situation will be ‘green’ (it is 

worth noting that SIMAP will not initiate the Kirstein and Clary model unless SPM > 

10mg/l).  

·  Between 10mg/l and 100mg/l SPM, there is a risk that oil will sink as a result of oil-

sediment interaction and an ‘amber alert’ will be issued.  

·  At greater than 100mg/l SPM, a ‘red alert’ will be issued – there is a significant 

probability of oil sinking.  

On ‘amber alert’ a text-based note will read  

“Suspended sediment concentrations are predicted to be elevated in this area and there is 

a probability that this oil will sink as it mixes with the sediment.  

·  On scene personnel should be asked to report on whether they can observe oil 

floating low or dipping into the water. They should report on whether the sea state is 

as modelled and whether this might result in oil mixing with the water below.  

·  If water is shallow enough, attempts should be made to take seabed samples. If in 

fast flowing currents, oil may have been transported some way downstream.  

·  Observers in surveillance aircraft should be made aware that the oil may have sunk 

/ be submerged below the sea surface for a significant proportion of the time and 

may therefore not be visible or available for detection by SLAR, UV or IR.”  

On ‘red alert’ the first sentence should be replaced with  

“Suspended sediment concentrations are predicted to be high in this area and there is a 

high probability that oil will sink as it mixes with the sediment.” 

Once the oil sinks, the model will show both surface transport results (as if the oil did not 

sink) and sunken oil transport in parallel. This will allow for situations where the real 

conditions differ from those in the model databases and oil does not sink. It will also 

highlight to responders that oil has a potential to sink and remain observant. 

4.3.4.3 Transport models 

Once on the seabed, the sunken oil transport model outlined in section 4.3.2.3 should be 

used to produce predictions of future movements of the oil. In this instance, the density of 
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the oil will be unknown (dependent on the amount and type of sediment) and it is 

recommended that oil is assumed to sink immediately below the initial sinking point (rather 

than transported by currents).  

No weathering of the oil will be conducted when sunken. Uptake of sediment by the oil 

whilst on the seabed is highly probable but a difficult process to model. It will increase the 

density of the oil increasing the likelihood of it remaining sunken on the seabed. However, 

given the difficulties of modelling the process, it is not proposed to include it within the 

system.  

Observations of oil being released from sediment have been made, particularly where 

warming of water occurs, e.g. in shallow lagoons in the afternoon. The mechanism for this 

process is poorly understood and characterised and it is not proposed to include it in the 

system.  

Effectively, once oil has sunk having mixed with sediment, it will remain in the sunken 

phase within the system.  

4.3.4.4 Databases 

A data source that can provide information on suspended sediment concentrations around 

the UK would be required. This would include variations in suspended sediment with the 

ebb and flow of the tide and ideally would also include a forecast capability to allow for the 

effects on SPM resulting from storms.  

4.3.5 Oil strands, picks up sediment and remobilise s 

4.3.5.1 Float-sink calculations 

Although the first part of this report discussed two models of oil accumulation on the beach 

– COZOIL and SMEAR – neither of these models predict how much sediment will be picked 

up by the oil. Both models are designed to predict the holding capacity of a beach and 

require a lot of site specific information. Therefore, it is not possible to apply these models 

to the assessment of changes in oil density resulting from stranding and picking up of oil.  

Experience has shown that oil that picks up sediment on the shoreline and remobilises will 

tend sink in the nearshore region – within a few tens of metres of the shore. The proposed 

approach therefore assumes that if the oil is ‘sticky’ enough to pick up sediment and 

becomes remobilised, it will sink in the nearshore region. As with the previous scenario, the 

required ‘stickiness’ is unclear. As an initial estimate, the authors would suggest that a non-

distillate oil which has a viscosity greater than 20,000 cP when it beaches should be 
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highlighted as having potential to sink once remobilised. Again, this is an arbitrary figure 

based on experience and not on empirical evidence – further studies are recommended.  

The adherence of sediment to the oil will also be dependent on the sediment type – muddy 

sediments are less likely to be absorbed than sandy or coarser sediments. Therefore, the 

substrate onto which the oil strands should be taken into account in the system – if oil 

strands on muddy shores, the sinking model should not be activated.  

Although remobilisation will require a mechanism such as a rising tide, it is not considered 

necessary to model this. The system should simply alert responders that a rising tide could 

lead to remobilisation and sinking offshore. Some models already include refloating and 

where this occurs, this should be used as the trigger to alert the system operator.  

As with the previous scenario, there is potential that oil will only submerge following mixing 

with sediment, as its density may only increase to close to that of the ambient water. 

However, to determine how the oil will behave would require too much scenario specific 

information, therefore it is proposed that the system assumes that oil remobilising will sink.  

4.3.5.2 Decision support outputs 

The ‘traffic light scheme’ will apply a red or green output as follows: 

·  If the stranded oil has a viscosity greater than 20,000 cP and strands on a shoreline 

that is sand or shingle, it will generate a ‘red alert’.  

·  In other cases, the alert status will remain green.  

The ‘red alert’ message will read 

“The model predicts that oil with a high viscosity has stranded on a beach of sand or 

shingle. The oil may absorb sediment. Should the oil be washed off the beach it may sink in 

the nearshore.  

·  On scene personnel should confirm that the oil is high viscosity and that the beach 

is of sand, shingle or other coarse sediment.  

·  Attempts to contain or recover the oil from the beach as quickly as possible should 

be made.  

·  If oil washes off the beach watch to see if becomes overwashed by waves, sits low 

in the water or can be seen to sink.”  
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4.3.5.3 Transport models 

The transport of oil that has sunk in the nearshore region will be dependent on wave action 

(including longshore drift) and nearshore currents. Modelling of this requires very fine 

resolution models which would currently be configured on a site-specific basis (confirmed 

through personal communication with ABPMer, 2008). It is not practical to include such 

models within existing oil spill drift models for UK-wide application. Therefore, it is 

recommended that where the system identifies that there is a risk of oil sinking in the 

nearshore following beach stranding and refloating, further movement is not considered. 

The processes leading to oil that has sunk in the nearshore region, and its subsequent fate, 

has been identified as an area for further research.   

4.3.5.4 Databases 

This part of the system will require a dataset showing the shoreline substrates for coastal 

areas around the UK. Such data can be found on the UK government’s MAGIC website 

(www.magic.gov.uk) and used as input to the model.  

4.4 Databases 

The properties, submergence and transport models for sunken and submerged oil require 

significantly more environmental data than those for standard surface trajectory and 

weathering models. The latter typically require surface current, wave and wind data on a 

grid covering the region of interest. In addition, sunken and submerged oils will require: 

·  Gridded seawater density. This should preferably be entered as a time series, to 

allow for changes in density close to estuaries resulting from tidal motion.  

·  Gridded suspended sediment concentrations.  

·  3D current data will be required.  

4.4.1 Seawater density 

Seawater density is a function of its salinity and temperature. Low salinity water (for 

example in an estuary) will be less dense than seawater and warmer water will be less 

dense than cooler water. The system will require information on local density in order to 

determine the relative density of the oil to the water. Ideally, this information should be time-

varying, as estuarine salinity will change with the tide and temperatures will change with the 

seasons. It should also contain 3D density data to allow for variations in density with depth 

and the presence of pycnoclines.   
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The UK Met Office currently runs an operational forecast oceanographic model which 

includes outputs of salinity and temperature, from which density can be determined. The 

model is on a 6km grid over the UK Continental Shelf, with a 1.8km grid in the Irish Sea. It 

contains 19 depth levels, although only 3 are currently output (surface, mid-depth and 

seabed).  

Outputs from POLCOMS are available from the UK Met Office via the Internet and therefore 

can be used operationally. However, the model is not currently at a resolution which would 

allow good resolution of estuarine water densities and therefore it is suggested that the 

system also has the ability to have manual information entered, or to connect to finer scale 

models using standard metocean gridded files formats such as NetCDF.  

4.4.2 Suspended sediment 

Suspended sediment concentration data is required by the model for mixing of oil with 

sediment. The concentrations will vary with tide in estuarine areas and also with storm and 

wave activity in these and other areas. Therefore, an operational forecast model is ideally 

needed to provide accurate data.  

The UK Met Office is running an operational forecasting system called ERSEM (European 

Regional Seas Ecosystem Model), which is linked to the 6km resolution POLCOMS model. 

ERSEM includes outputs of suspended sediment concentration although the Met Office 

cautions that these are still being developed and will continue to be developed until around 

2011 (personal communication, 2008). The 6km grid will not allow good resolution at the 

estuarine scale and it is recommended that the system allows manual information and 

imports of finer scale model or observed data, as outlined in the section above.   

4.4.3 3D Currents 

The POLCOMS model outputs currents on 3 depth levels (surface, mid-depth and seabed) 

on the grids discussed above (6km resolution for UKCS and 1.8km resolution in the Irish 

Sea). The model actually runs using 19 depth levels, and additional outputs may be 

available through discussion with the Met Office. The model includes tidal and wind-forced 

currents output at hourly intervals and currently forecasts up to 2 days in advance.  

The POLCOMS model will provide the highest accuracy data for 3D modelling. However, if 

an Internet link was not available, an alternative would be Proudman Oceanographic 

Laboratory’s (POL’s) CS20 dataset (currently used in the MCA’s version of OSIS). This 

allows 3D tidal current predictions to be made on a 1.8km grid for the entire UKCS (see 

POL website: www.pol.ac.uk). Currents in the UKCS are predominantly tidally-driven and 

this data therefore provides good results for most situations. Currently, POL only supplies 
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data for the surface and seabed layers but could be contracted to output data at other 

layers.  
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5 MONITORING, DETECTION AND RECOVERY 

The final part of this report is an assessment of the techniques that can be applied in the 

recovery of submerged and sunken oils. It necessarily also deals with techniques applied to 

the monitoring and detection of these oils, which are an implicit part of the recovery 

process.   

Before discussing submerged and sunken oil it useful to establish a baseline with regard to 

conventional oil spill response.  

Whilst locating, quantifying and recovering spilled oil is a standard part of any response 

there remain a number of issues.  Detection of slicks on the sea surface – routinely 

undertaken with aircraft (and sometimes satellite) systems boasting radar, optical and other 

sensors – is not foolproof. There remain issues with quantification of oil volume and 

characteristics, and the identification of false targets continues to be an issue.   

When an oil spill has been positively detected we might expect to be able to determine the 

best response based on knowledge of its fate and current properties.  This information is 

rarely available and response strategy selection remains based general rules, historic data 

on oil properties and experience of the decision makers.   

Response strategies which are available are not universally accepted due to gaps in the 

scientific understanding of the impacts on the environment.  Strategies such as dispersant 

application, although better documented, remain controversial for some groups.  

Whilst containment and recovery at sea has evolved to include more robust and effective 

systems, no step change in the percentage recovery has been seen. Recovered oil itself 

continues to present issues for storage, separation and disposal, and is dealt with in an ad-

hoc and case by case basis.  

When looking at more effective techniques for recovery of sunken and submerged oil, it is 

therefore worth considering that recovery of oil from the sea surface continues to present 

many challenges. These challenges will of course be magnified several fold in the subsea 

environment.  

5.1 Literature / Web Search    

The information included in this assessment has been largely gathered through a literature 

and web search. This assessment included a review of publications in the library of the 

International Tanker Owners Pollution Federation (ITOPF) and reference to previous 

reviews of non-floating oils (and their citations).  
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Much oil spill experience, and particularly practical knowledge, does not reach published 

documents or even internal reports. Where possible, the project team has also approached 

individuals with direct experience and knowledge of sunken and submerged oil response. 

This has been made difficult because of the limited number of non-floating spill incident 

responses and also because recovery of such oil is often carried out by contracted divers, 

survey specialists and others who are not directly within the oil spill response community. 

As a result knowledge within the community is limited to a very few individuals. However, it 

was possible to meet with a relatively wide selection of experienced individuals at the 2008 

International Oil Spill Conference held in Savannah, USA. In addition a number of papers 

on the subject of sunken oil were presented and meetings of various working groups 

(including a Submerged Oil Working Group) were held and attended by members of the 

project team. Discussions with delegates at the conference and workshops resulted in 

feedback on technologies under development and research programmes in this area.  

As well as oil spill references, techniques involved in other marine activities were reviewed, 

including sea bed mineral extraction, undersea warfare including mine and intruder 

detection and the offshore oil exploration and production industry.  These activities, which 

are usually undertaken in a planned manner rather in reaction to an urgent and immediate 

problem, may incorporate a more integrated approach to technologies that can be applied 

to detection and recovery systems.  

A significant finding of the literature review was that, although several documents, reports 

and papers have been produced on incidents involving non-floating oil, many of these focus 

on the causes of the incident, management, impact of environment and costs. The technical 

detail of how oil was identified, quantified or recovered is often excluded or condensed to a 

few brief lines or summary table. Similar reviews of sunken oil recovery techniques have 

also made this observation (ASMA, 2007, Coastal Response Research Center, 2007, 

Kaperick, J.A. 1995, Michel et al 1995, National Research Council. 1999).  

The review identified 60 incidents where submerged or sunken oil was reported or 

speculated to have occurred. The number of these where actual oil recovery was 

undertaken or attempted was however considerably less. It is worth considering, as 

elsewhere in this report, that there are likely to have been several further incidents on non-

floating oil, but where it has been assumed that an absence of oil has been assumed to be 

the result of natural dissipation. This is particularly pertinent in the case for smaller oil spills. 

In some instances it has only been the subsequent oiling of shorelines or birds (after 

surveillance has failed to locate spilled oil) that has led to the suggestion that the oil had 

submerged and then re-surfaced, or had been transported by sub-surface currents to the 

coast.   
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A further finding of the review was that much less theoretical and experimental research 

had been conducted into the recovery of non-floating oil recovery than that of oil on the sea 

surface. Much of this has been conducted during actual incidents and little follow-up activity 

has been conducted post-incident. However, there are current scientific studies into the fate 

of submerged and sunken oil.  Of these only two are of particular note for recovery 

technologies: the Marine Pollution Control Inc and Deep Marine Technology sub sea oil 

recovery system and the US Coast Guard study of detection devices.  Both of these are 

discussed.  

5.2 Response to notable submerged and sunken oil in cidents  

5.2.1 Torrey Canyon 

The Torrey Canyon spill in March of 1967 was one of the first to have issues of sunken oil.   

Oil impacting on the coastline which had not been observed moving on the sea surface, or 

arrived some time after bulk cleanup had been completed, was attributed to submerged and 

sunken oil. This was supported by diver surveys which identified isolated areas of sunken 

oil. However, during the incident attempts were also made to deliberately sink oil as a 

response strategy (Wardly Smith 1967, Admiralty Oil Laboratory, 1968, Griffith Dde G, 

1969, Simpson A C, 1968,  McKay A C, 1967, Beynon L R, 1967). 

5.2.2 SS Sansinena  

In December 1976, the Tanker SS Sansinena exploded in Los Angeles while loading 

bunker fuel oil with an API gravity between 7.9º to 8.8º. This resulted in a large pool of 

sunken oil at the incident site, which was confirmed by diver surveys to have collected in 

depressions up to three meters deep.   

With a large quantity of oil in a known location recovery operations were initiated utilising 

vacuum trucks and separation tanks installed on a barge. It was planned that divers would 

manoeuvre the suction heads but this proved difficult, particularly as the divers could not 

control the suction rate directly. The suction heads were replaced by those utilizing 

hydraulic pumps which allowed greater control. Using the new heads, the divers 

encountered oil and sediment issues which resulted in them directing the pumps by “feel”.  

Following this, special pumping units were designed, which incorporated a different type of 

hydraulic pump, and were intended to be used without diver guidance. The new technique 

was found to have limited applicability except for large pockets of pooled oil.  In total, nearly 

675,000 gallons of the sunken oil had been recovered to this point. Finally a suction head 

and pump device was designed on-site to address recovery of the remaining oil.  By the 
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time it was ready it was necessary to use divers to direct the unit as some of the oil pools 

had become silted over, making the oil difficult to locate.  

This evolution of recovery techniques during an incident is typical and makes the 

determination of the ideal recovery system difficult . (Hutchison J.H. & Simonsen B.L., 

1979, . NOAA, 1992. Oil spill Case Histories, White W.W. & Kopeck J.T., 1979). 

5.2.3 Mobiloil 

Later in March 1984, the tanker Mobiloil spilled 168,000 gallons of a Heavy Fuel Oil No. 6 

(API gravity of 5.5º) into the Columbia River. Due to the density of the river water 

(freshwater), the majority of the oil sank and moved along the riverbed, being transported 

by the river currents, often within one meter of the river bottom. The mid-water oil rose to 

the surface once the salinity of the water increased near the river mouth.  This was the first 

US spill where oil tracking techniques were focused on submerged and sunken oil. Tracking 

and location of the moving missing oil was rudimentary with weighted sorbents being used 

to attempt to fix oil on the river bed (Kennedy, D.M. and Baca B.J.. 1984). 

5.2.4 Barge MCN-5 

In January 1988, the tank Barge MCN-5 capsized and eventually sank in 40 m (120 feet) of 

water in Puget Sound near the Rosario Straits. The MCN-5 carried heavy cycle gas oil with 

a specific gravity of 1.086. During the incident the heavy cycle oil was released and sank. 

Due to heavy currents and tidal changes in the area, initial response efforts focused on the 

sunken barge and its remaining cargo. Experiments were conducted to observe the oil 

behaviour in the water column and predict its movement.  As in the Mobiloil spill, weighted 

sorbent pads were used in an effort to map the extent of oil on the bed (Yaroch, G.N. and 

Reiter, G.A. 1989). 

5.2.5 ESSO Puerto Rico 

In September, 1988, the ESSO Puerto Rico released 23,000 barrels of carbon black 

feedstock (API gravity of 2.0º to –1.5º) while travelling along the Mississippi River toward 

the Gulf of Mexico. The carbon black feedstock rapidly emptied out of the cargo tank and 

into the river. The oil appeared to be churned into tiny globules and droplets by the action of 

the vessel’s propwash. The oil quickly dissipated with the river currents. Again weighted 

sorbent pads were used in an attempt to map and fix oil locations. Except for a 10 barrel 

pool of oil directly below the vessel’s final anchorage point, only small traces of material 

were found and these were limited to deep locations along the riverbed (Burns, G.H.,et al . 

1995). 
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5.2.6 Presidente Riviera 

In June 1989, the M/V Presidente Riviera ran aground on the Delaware River spilling No. 6 

fuel oil (API gravity between 7º to 14º). The oil congealed into pancake-like, tar globs that 

floated with the river currents. The thick, sticky nature of the product made it very hard to 

physically remove from both the water and the shorelines. Vacuum trucks and conventional 

skimmers were ineffective because of the oil’s viscosity. Supersucker trucks were only able 

to pick up small chunks of oil, but were slow process and cleanup/ maintenance of the 

equipment was difficult. One of the most effective methods of oil recovery in this incident 

was found to be the use of a fishing vessel with a stern trawl net. This was successful in 

recovering 8 tons of oil and oiled debris along the river (NOAA, 1992. Oil spill Case 

Histories, Wiltshire G.A. & Corcoran L., 1991). 

5.2.7 Tampa Bay incident 

In August 1993, three vessels collided at the entrance to Tampa Bay, releasing an 

estimated 325,000 gallons of No. 6 fuel oil, with an API gravity of 10º to 11º. The oil 

weathered on the water surface for nearly 5 days before it came ashore during a storm. 

Surface oil and shoreline oiling were successfully removed; however, thick mats of sunken 

oil were found in nearshore subtidal habitats. In several areas, the sunken oil was removed 

using vacuum transfer units mounted on barges. Diver and aerial surveys found numerous 

areas of mobile tarballs, pancakes and three mats of sunken oil ranging in size from 150-

200 feet long, 10-20 feet wide, and up to two inches thick. The mats may have picked up 

sediments in the water column or after being stranded onshore.  The sunken oil remained 

on the bottom and had the consistency similar to peanut butter. Attempts to remove the 

sunken oil included various vacuum-pumping strategies, which failed due to the viscous 

nature of the oil. After further careful study and evaluation, it was determined that manual 

removal by divers was the most feasible option for certain areas. However, the offshore 

mats were not removed, and oil continued to wash ashore for at least six months following 

the spill and was removed by conventional beach cleaning.  

 

5.2.8 Morris J Berman 

In January 1994, the Morris J Berman barge grounded off Puerto Rico releasing a group V 

fuel oil (API gravity of 9.5º). Although much of the oil floated, extensive quantities 

submerged and sank and were found in both offshore areas and in sheltered bays  

Identification was aided by the affected areas having clear and shallow waters. The 

submerged oil did not emulsify and remained fluid enough to flow with a consistency 

described as similar to maple syrup. Over time the oil became more viscous and mixed with 
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sediments in some areas. Some oil was observed to refloat every afternoon as a result of 

increased wind generated currents and the heating of the oil and water by the sun.  This 

mobile sunken oil complicated the cleanup response. Three different methods were used to 

recover the submerged oil: diver-directed vacuuming of the more liquid oil; manual pickup 

by divers for the more viscous patches; and dredging. The diver-directed strategy was 

effective but slow due to the need to respond to moving targets. Dredging was finally used 

to recover the remaining submerged oil. This resulted in increased amounts of sediment 

being recovered but eliminated the ongoing problem (Burns G.H. et al 1995, Lehman S., 

2006. NOAA, 1995. Petrae, Lcdr. Gary, 1995, Ploen M., 1995, Vincente, V. 1994). 

The above descriptions are from the best documented cases.  They clearly show that the 

scenarios are very different and that solutions from one incident are not necessarily 

applicable to the next. They also demonstrate an issue with the identification of sites where 

oil has accumulated and its continuing mobility. In addition, oil may show both floating and 

non-floating behaviours during an incident: some parts may submerge whilst others sink 

and in some oil cases oil may have initially submerged, later sunk, refloated, re-submerged 

and sank over a number of cycles.   

A full list of the incidents identified in this project, plus relevant details, is included as Annex 

1 of this report and in the reference section. 

5.3 Representative Scenarios  

One of the original aims of this study was to be able to produce representative scenarios for 

submerged and sunken oil, for which a review and gap analysis of response techniques for 

each scenario could be developed. However, the conclusions of section 3 were that there 

are too many variables that can affect the submergence and sinking of oil, and its 

subsequent movement, to allow a set of representative scenarios to be created. However, 

the scenario below attempts to outline the broad response to the issues that are faced 

when responding to non-floating oils.  

5.3.1 Broad scenario  

Following an incident a spill is reported to have occurred. The response authorities will 

establish the name and characteristics of the spilled product. This may immediately reveal 

that the product (for example carbon black) will sink and it will be obvious therefore that the 

issue of sunken oil will need to be considered. This will not however mean that the spilled 

product will be found in the immediate vicinity of the incident as on its route to and once in 

contact with the sea bed in may still be moved and be distributed by currents.   

Where the properties do not indicate that the initial density is greater than that of the waters 

into which it has spilled then the spill will probably initially present as a conventional surface 
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slick. As the oil weathers its density may increase with the loss of light ends and become 

more susceptible to submergence.    

With some development this may be predictable by oil spill models as outlined in Section 4. 

Where models predict that oil may submerge then the loss of oil from surveillance will 

require closer scrutiny to determine if submergence has occurred. This will be a particular 

issue when oil targets are lost closer to shore in rough weather and high sediment loading 

may be present.  

Surveillance may need to be reprioritised to allow survey of possible tracks of submerged 

and sunken oil locations in the afternoon when resurfacing is more likely to occur.  

Where oil is identified impacting the coast, backtrack modelling may be undertaken to 

determine if the site could have been impacted by surface slicks or whether submerged or 

sunken trajectories might have been involved. Where the latter is indicated then further 

submerged and sunken oil can be expected. 

A dedicated team may be established to look at confirming the presence of non-floating oils 

using detection technologies. The team will assess recovery options and provide advice on 

the net environmental benefit analysis of any operations being considered. 

Elsewhere, and regardless of whether there have been signs of submergence or sinking oil 

at sea, oil that is driven towards the coast will require response.  Where it reaches the 

coast, rapid removal must be encouraged to eliminate the risk of oil remobilising and 

sinking. 

As the incident progresses any reports of re-oiling or the appearance of oil in unexpected 

locations will require investigation by personnel briefed in the issue of submerged and 

sunken oil.  

The above scenario encompasses a scenario which would apply to any of the processes 

that could lead to oil submerging or sinking.  

5.4 Detection and identification 

Although a substantial amount of equipment exists for survey of the marine environment 

(surface water column and sea bed) including visual, geophysical, acoustic instruments, 

airborne and satellite remote sensing, water column, in situ detectors, sampling nets, trawls 

and sediment sampling devices, their use and application to submerged and sunken oil 

incidents has been problematic  
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Remote sensing techniques such as Radar (SLAR), IR and UV sensors are employed 

successfully for surface slicks because they either detect the oil on the surface (IR and UV) 

or measure the wave damping caused by oil on the sea surface. These techniques are not 

useful for the detection of submerged or sunken oil because UV and IR do not penetrate 

into water. If the oil is not on the sea surface, i.e. is sunken or submerged below the sea 

surface, it will not be possible to detect it by the use of these sensors.  

5.4.1 Visual observation  

The use of human vision alone is no longer considered remote sensing, it is however the 

most common technique for oil spill surveillance. In the past, major campaigns using only 

human visual observations were undertaken with varying degrees of success (Taft et al., 

1995). Optical techniques are the most common means of remote sensing.  Visual 

observation can be recorded by the use of cameras, both still and video. In recent years, 

visible camera observation has been enhanced by the use of Global Positioning Systems 

information (Lehr, 1994). 

Visible techniques have been used to map submerged and sunken oil, such as in the case 

of the Morris J. Berman (Brown et at., 1998) in clear shallow waters. Biogenic material such 

as weeds or sunken kelp beds can be mistaken for oil and analysis by experienced 

personnel is essential. In summary, the usefulness of the visible spectrum for oil 

submerged and sunken oil in deeper and sediment laden waters (where submergence and 

sinking may occur) is limited. 

 
 

Figure 15.  Oil patches in shallow water Lake Wabanum Spill (Photo credit:  Merv Fingas, 
Pat Lambert, Bruce Hollebone, Khrishna, Deana Cymbaluk). 

In shallow and clear water, submerged oil can be detected visually unless it becomes 

covered with sediment. At the Morris J. Berman spill in Puerto Rico, the oil patches were 

readily visible from the air because of the clear water. At the Lake Wabamun spill in 
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Canada, teams used underwater viewing tubes from small boats and kayaks to search for 

oil on the bottom near shallow wetlands. Standard terminology, photography, and validation 

sampling are needed for this method to be of value.  

 

 

Figure 16.  Visual Survey at the Lake Wabanum Spill (Photo credit:  Merv Fingas, Pat 
Lambert, Bruce Hollebone, Khrishna, Deana Cymbaluk). 

 

A major problem form visual, video and sonar surveys is the multitude of forms and 

locations in which oil may settle.  
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Figure 17.  Sunken Oil can be found in a variety of forms (photo credits: ICRAM, ARPAT, 
Guarda Costiera survey of costs of Lebanon, Coastal Response Research 
Center. 

5.4.2 Remotely or Diver Operated Video 

At sites where visibility on the bottom is at least 0.5 m, an underwater video camera has 

been shown to be a very useful technology. It provides good visual documentation of the 

distribution of the submerged oil, but only in the field of view (approximately 1m). Visibility is 

one of the key limiting factors. Most responders do not have much experience in this 

technology, and they need more information on the different models, configurations, 

operating conditions, GPS capabilities, post-processing tools, etc. to make the best choice.  

Divers with helmet-mounted video cameras are an alternative.  Diver observations are the 

most common preliminary surveys in most incidents.  
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Figure 18.  Remote and diver operated survey equipment (Photo credits: USA EPA dive 
programme and MPC). 

5.4.3 Sorbent drops 

Ad-hoc systems consisting of a weight with sorbent materials attached have been used to 

bounce or drag for short distances along the bottom in a number of incidents in an attempt 

to map sunken oil distribution. This method has been used in the US since the 1984 

Mobiloil spill in the Columbia River. It is “low tech” but uses materials that are readily 

available at most incidents.  

A more recent development of this has been to deploy sorbent cages in lines in an attempt 

to identify oil migration and contain oil moving towards sensitive locations such as cooling 

water intakes.  

In later spills (such as the Athos 1) strings of sorbent pads or pompoms have been used 

with anchors to track across areas to detect where and how much submerged or sunken oil 

was present.  

The value of the information gained does not seen to be fully justified by the costs or the 

time and resources required to deploy recover and asses the levels of contamination if 

alternatives are available.   
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Figure 19.  Submerged Oil Recovery System (SORS) and Crab pot oil detectors (Photo 
credit: MPC). 

5.4.3.1 Chain drags/V-SORS   

These systems are designed to be dragged through potentially contaminated areas in order 

to detect whether oil is present. Their use appears to be accepted now in the US. Units can 

vary from a single chain with a few snares, to the large Vessel-Submerged Oil Recovery 

System (V-SORS) with an 8-ft pipe and 28 chains with many snares. They have been used 

at many submerged oil spills to provide information on the location and amounts of oil on 

the bottom. The systems are dragged along the bottom behind a vessel and somewhat 
angled through the water column 

Their actual value is however difficult to determine. Any oil detected has either passed or, in 

the case of the larger units dragged along the sea / river bed, has been disturbed such that 

the equipment does not actually provide data on where oil is but where it was before the 

unit disturbed the oil distribution.  

 

Figure 20.  Chain V-SORS (Photo credit: US Coastguard and Coastal Response 
Research Center). 
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5.4.4 Sediment cores  

Different types of sediment cores have been used in the past. Most of the time, the results 

have been of limited value because the oil distribution was very patchy and the sampling 

area of the core too small to be effective. Also, they have not worked well when the oil was 

so mobile that it was pushed away by the impact of the corer on the bottom. They would be 

most successful when the oil is confined to a specific area and thickly pooled – a rare 

occurrence.  

5.4.5 Sorbent barrier/fence 

 

The concept of a sorbent fence or barrier was originally proposed as a method to prevent 

suspended oil droplets from entering a water intake. The first design consisted of stacks of 

crab pots stuffed with snare. The design was revised and fabricated using steel frames and 

mesh. The need to protect water intakes has decreased over time and the sorbent fence 

has been applied to submerged oil recovery operations to detect if oil was suspended in the 

water column.  

5.4.6 Acoustic Sensors and Sonar 

Side-scan sonar and multibeam sonar systems are frequently considered for mapping the 

distribution of submerged oil on the seafloor. They provide many benefits, including:  

·  They can operate in low or no visibility settings.  

·  They provide good visualization of the seafloor contours, which aids in identification 

of potential accumulation areas. 

·  They provide geo-referenced data that can be used to locate targets and estimate 

volumes. 

·  They have a good range of areal coverage. 

·  Systems are generally available at short notice.  

However, insufficient information is available to responders to guide them about when this 

technology may be appropriate and in selection of the best system. Post-processing of the 

raw data can also be time-consuming. Side-scan sonar has been used at several spills, but 

in most cases its effectiveness was inconclusive (e.g., Apex barge spill in the Mississippi 

River (Weems et al., 1997); the M/T Athos 1 incident). A systematic assessment of acoustic 

systems is required to identify the conditions under which they are likely to be effective for 
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detection of submerged oil on the bottom, and how the technology might be improved to 

increase their overall performance.  

Side-scan sonar was used extensively during the DBL-152, yet there are little hard data on 

the operating conditions of the system, how well it performed initially, and what factors led 

to the change in performance over time (e.g. whether the oil broke into smaller pieces, 

whether there was sediment cover on the oil surface). This incident could provide a good 

case study to evaluate the performance of side-scan sonar, over space and time, if the data 

were available.  

In the Athos 1 incident, sonar was used to detect oil that was pooled on the bottom 

(because the systems were already being used to search for the submerged objects that 

holed the vessel). It was hoped it would provide complete coverage of potential oil deposits 

very quickly. As the data were being collected as part of the investigation of the cause of 

the spill, the response teams were not allowed to actually view the output. However, survey 

specialists from NOAA and the Navy Supervisor of Salvage did review the data and 

reported that it could not be used to identify pooled oil. It was successful in identifying the 

dimensions of the trench where the pooled oil was found and recovered.  

5.4.7 Future Sensor Development  

Attempts to advance the potential of sonar sensors for sunken and submerged oil are being 

undertaken both in Europe and in the USA. In Europe following the Erika incident CEDRE 

undertook the Detection de Nappes Immergees (DENIM), and EXCAPI projects and these 

studies were continued and expanded under the wider European ASMA project (ASMA, 

2007, Hansen, K et al 2008). 

In the course of its studies, CEDRE evaluated 6 different sonar systems in the dry dock at 

Brest. Targets of 3-8cm in depth and 80 and 160cm diameter were provided using HFO, 

emulsified HFO and sediment mixed emulsified HFO.  These experiments confirmed the 

difficulty of detection, resulting from the high attenuation of sonar signals by the sunken oil.  

Recommendations included the concept that wide area surveys with conventional side 

looking sonar would need to be supported, in order to address false targets, by more 

precise surveys, possibly using forward looking sonar, acoustic cameras or video systems. 

In the USA, Kurt Hansen of the US Coastguard R&D Center has been leading a team to 

evaluate and develop sunken oil detection systems. This work has included testing and 

examination of a number of systems.  Final results of the work have not yet been published 

but preliminary results were published at AMOP 2008.   
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Figure 21.  Sunken oil Sonar Targets (photo courtesy of OHMSETT). 

Two test oils were used: Sundex 8600 and No. 6 fuel oil. These were mixed at a rate of 

35% with barite in order to ensure the oil remained on the bottom. Two test trays of 2.4 

meters by 2.4 meters were constructed. The trays were filled with sand and geometric-

shaped, vertical-sided depressions were created and 6 to 8 inches of oil inserted. The trays 

were placed in the OHMSETT test tank. The four systems were tested to proof of concept 

stage in clear water with low turbidity and no sediment covering. All systems detected 

targets under these test conditions.  

The systems tested by the US Coastguard were. 

·  WHOI system (which combines a TETHYS mass spectrometer and UV fluorometer).  

·  The SAIC Modified Laser Line Scan System.  

·  RESON sonar.  

·  The EIC Fluorosensor.  

 

WHOI System  

The WHOI detection system relies on two complementary modes of hydrocarbon 

sensing: a TETHYS mass spectrometer and a commercially available UV 

fluorometer. The TETHYS instrument is an underwater in-situ mass spectrometer 

developed through a partnership between the Woods Hole Oceanographic Institution 

and Monitor Instruments LLC. The UV fluorometer (Chelsea Instruments Ltd., Surrey, 

England) is sensitive to aromatic hydrocarbons fluorescing at 360 nm.  
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The tests identified a need to improve the system to optimise and improve the 

spectral resolution and sensitivity to the oil fractions identified in the fuel oil.   

The WHOI system had already shown capability of detecting some oils in a calm 

water column. The system relies however on detection / presence of lighter 

components of the oil in the water column. It is not clear how much dissolved or 

particulate oil would be in the water column under field conditions or how long this 

would persist.   

SAIC Modified Laser Line Scan System 

The SAIC SM-2000 Laser Line Scan System (LLSS) was originally developed as a 

seafloor imaging tool based on the reflectance of a solid-state Nd-YAG 532 nm (blue-

green) laser. In order to elicit fluorescence in oil-based compounds, a shorter 

wavelength, higher energy laser light source approaching the UV-A band (400 nm) 

was incorporated in the LLSS.   

The system provided accurate imagery data pertaining to the shape and relative 

position of the various targets, but failed to elicit and/or detect any fluorescent signal 

over the background light. 

The overall results of the tank testing indicated that the LLSS was primarily an 

imaging system in daylight conditions, detecting the ambient light and backscatter 

(noise). When ambient light levels decreased after sunset, the capabilities and 

potential of the modified LLSS in eliciting and recording fluorescence (signal) could 

be realized. 

The SAIC system is adapted from an existing system and appears to work in low light 

conditions given reasonable clarity. Any future tests should take place in a more 

realistic environment so that the light levels and focal length are in line with the 

system performance, conditions that cannot be met in a controlled tank environment. 

RESON 7125 SeaBat System Overview 

The SeaBat 7125 system is a multibeam sonar system that measures relative water 

depths over a wide swath perpendicular to the vehicle's track.  The system is suitable 

for mounting on a number of survey platforms.  

All targets presented to the sonar were positively detected with a probability in excess 

of 80%. Extraction of the results required post-test processing but the manufacturer is 

already engaged in the development of more automated detection capabilities to 
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supplement operator visual detect methods. This is anticipated to include use of 

advanced image processing programmes examining the backscattering strength. 

RESON was found to have potential but its performance in field situations, where   

the difference in density between the oil and bottom sediment is small, remains to be 

assessed.  

EIC Fluorosensor  

Fluorescence spectroscopy has been shown to be an effective tool for monitoring oil 

contaminants in water.  Because the main constituents of oils are aromatic 

compounds, illumination of oil samples with ultraviolet or visible light causes the oil 

samples to emit fluorescence. Fluorescence-based methods have several 

advantages, including: they are non-contact, sensitive to the presence of aromatic 

hydrocarbons and easily miniaturized.  There are, however, other fluorescing sources 

that may interfere with measurements.   

Test results of the instrument at OHMSETT indicate it is capable of accurately 

detecting heavy oil in real time. Oil targets in the test platforms showed significant 

fluorescence polarization signals and were easily distinguished from ambient 

backgrounds such as sunlight or background fluorescence. All testing was done 

during daylight hours. 

The EIC equipment is a new approach and, while there are potential risks in the 

development, the small size of the equipment may lend its applications to multiple 

uses including mounting in small ROVs or autonomous vehicles or a suction head for 

recovery operations.  

The next stage of the evaluation project will be in early 2009, when further concept 

development testing of the RESON sonar and EIC Fluorosensor will be undertaken in a 

more realistic environment. These two systems were determined to have the most promise 

for field use and, in particular, operation in low visibility conditions and against more 

representative targets. Development and testing of the other sensors and alternatives will 

also be permitted to developers and manufacturers (utilising the same test areas and 

targets established for the project) although the study itself will concentrate solely on these 

two systems.  

5.5 Containment of Sunken and Submerged Oils 

In sea surface spill response the normal procedure is to organise some form of containment 

once a spill is detected.  Containment for conventional spills has a number of purposes. 

Firstly, it prevents the further spreading and breakup of the slick. Secondly, it concentrates 
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the slick making it easier and more efficient to recover with a skimmer. Finally, it fixes the 

location of (part of) the slick so its location is no longer in doubt. 

For submerged and sunken oil, containment can serve the same purposes.   

5.5.1 Submerged Oil Containment  

For containment of submerged oil, booms, surface nets and trawl systems all have been 

considered and tested.  Results have varied but in some circumstances have proven useful.    

The most commonly applied equipment has been conventional booms. However, these 

have usually not been deployed intentionally for submerged oil but simply to contain the 

expected surface slick. Provided that the depth of submergence does not exceed the 

boom’s draft and conventional limitations for boom containment (current speed etc.), booms 

can assist in resurfacing submerged oil. This is particularly the case where weather 

conditions are a feature of the submergence or overwash, where a thin film of water has 

gathered on the surface of the oil. The only known case where this kind of curtain boom 

was used deliberately in a submerged oil scenario was to isolate leaking, abandoned 

barges in a dead-end canal in Louisiana, USA. The use of the curtain boom was successful 

until local vessel traffic disrupted it.  

Silt curtains, pneumatic (bubble) barriers, nets and trawls have all been suggested and 

some tested in incidents but with varied results. The use of silt curtains requires contractors 

experienced in the proper deployment and maintenance of these systems (probably a 

person from within the dredging industry).   

Pneumatic barriers (air bubble curtains) were proposed to protect water intakes, and were 

applied to a power plant water intake during the Lake Wabamun spill. However, the 

effectiveness has not been reported.  

Nets were applied unsuccessfully at the Bouchard 155 incident but proved effective in the 

Erika, possibly as a result of differences in the characteristics of the oil. Specially designed 

spill recovery trawl nets have evolved in response to the increased carriage and risks of 

high viscosity oil spills. Such nets lend themselves to recovery of patches of cohesive 

submerged oils. The principle difficulty with these systems is detection and rapid response 

to the submerged oil patch such that the trawl system can recover it before it has moved. 

Fishing nets have not been very successful for recovery of semi solid tarballs; they are 

likely to be even less effective with more liquid oils.  

During the Puerto Rican spill, strings of snare were tied to lines throughout the water 

column to recover oil re-suspended during dredging operations. However, success was not 

recorded as there was no method to measure how much oil bypassed the installation. 
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Several types of filter fences or curtains have been used at spills to either contain oil 

suspended during recovery of submerged oil from the bottom or to protect water intakes. 

One such design uses a snare attached to a frame that is suspended downstream of the 

recovery site (such as design was applied to a coal tar oil spill in the Detroit River where the 

currents reached 4 knots (Helland et al., 1997)). During the M/T Athos 1 spill, a “snare 

monster” was constructed out of two frames with snares between them. It was originally 

built to protect water intakes but was only used to monitor for oil suspension during 

recovery of oil from the river bottom. Geotextile fabric was used to divert oil from the water 

intakes at a utility power plant at the Lake Wabamun spill, though there is no information on 

how well it performed. All of these systems were constructed ad hoc, without the benefit of 

engineering guidelines on water flow rates, filtration rates, etc.  

The Western Canada Spill Services (WCSS) conducted trials to evaluate the concepts of 

sunken oil containment. The trials used a fine mesh net and a sub surface containment net.  

Both systems were deployed using divers but WCSS concluded that in general it was not 

confident that these were effective for containment or assisted recovery. WCSS is 

continuing to consider the technique and may conduct further work if new concepts or 

materials are identified and considered worthy of further study (Western Canada Spill 

Services). 

   
   

Figure 22.  WCSS emplacing for evaluation net containment systems (Photo credit: 
WCSS). 

 

5.5.2 Sunken oil Containment 

With sunken oil the concept of containment is equally applicable. Where oil is mobile on the 

sea bed, containment may be able to stop its migration while recovery assets are deployed, 

concentrate it to simplify recovery and ‘fix’ the oil so that it can be easily relocated.  Even oil 

movement of a few tens of metres can make redetection very difficult.    

The only successful containment of oil on the seabed has occurred naturally, where the oil 

accumulated in low-flow zones, existing depressions of its own accord.  



RP595 Sunken and submerged 
oils - behaviour and response 

 Maritime and Coastguard 
Agency 

 
 

BMT Cordah Limited 122 February 2009 

 
 

5.5.2.1 Trenching/Berming   

During the DBL-152, the idea of building a berm/trench or filter fence around the larger 

patches of oil was considered. However, it was agreed that it would not provide adequate 

containment as suspended oil would probably pass over the structure.  

5.5.2.2 Seabed booms 

There have been some experimental bottom booms built. These work like a regular boom 

with a heavy ballast to seal on the bottom and a “float chamber” suspended off the bottom. 

The strategy of containing oil on the bottom, under conditions where it can move or is 

moving, would be similar to those using booms to divert floating oil to recovery devices. 

Bottom booming strategies would have deal with a wide range of conditions and oil 

behaviour, which are usually poorly understood during the emergency phases of a spill 

response. 

5.6 Recovery of Sunken and Submerged Oils 

The majority of non-floating oil recovery has been conducted without any form of 

containment being installed. In most cases oil appears to have remained in situ or been 

able to be tracked as it moved. However, as there is little information on quantities initially 

identified or later recovered it cannot be verified that recovery without containment is 

effective.  If recovery is to be used without containment then it is clear that rapid recovery is 

required.  A number of technologies exist for recovery of sunken oil but only two companies 

have looked to develop specialist sunken oil recovery equipment. The first has drawn on its 

experience as a spill contractor and the second has looked to broaden the application of its 

dredging systems business line.  

5.6.1 Beach Systems  

As highlighted in the first section of this report, sunken oil can result when oil beaches, 

picks up sediment and sinks on remobilising. Rapid cleaning of beaches can reduce this 

issue. The techniques of beach cleaning have evolved such that all personnel are aware of 

the needs to minimise removal of beach material and use of mechanical equipment is 

limited to assisting and supporting generally manual cleaning operations. However, it may 

be necessary to consider that oil may refloat and sink. Whilst the use of excavators will 

generate large quantities of waste this may be less or equal to that which will be generated 

in recovery of sunken oil or repeated cleaning of the beach over a extended period of 

natural resurfacing of the oil.   
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Figure 23.  Mechanical Rapid Cleaning To Avoid Oil Remobilisation. 

 

A further technique of beach based cleaning could be applied when oil sinks in very shallow 

areas. Oil may be released by physical agitation, using air impact from venture lances or by 

vacuum or pumped recovery. 

 

Figure 24.  Sunken oil recovery at the Baltic Carrier.  

5.6.2 Divers 

Divers have been utilised in a number of incidents both directly to recover more solid oils 

and in combination with recovery devices for more fluid oils.  

Divers have a number of obvious advantages over other equipment in terms of detecting 

and recovering oil. The amount of sediment and water collected with the oil is low, so post-

recovery treatment is reduced. Divers are able to detect and collect small scattered pieces 

of oil. They can place oil directly into storage containers.  

However, the duration of dives is limited, particularly in deeper water and at greater work 

rates. Divers are only able to survey and recover oil from a relatively small area and 

recovery rates are slow. The potential for the oil to spread to other areas may force a more 

rapid recovery strategy. At greater depths and in high suspended sediment areas, visual 
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identification of oil is difficult. There is variation in capability between different divers and 

techniques which effects oil identification and recovery rates. Regular decontamination of 

divers and their equipment can be time-consuming and reduce the efficiency of operations.  

Divers have been used in a number of incidents including Bouchard 155, Morris J Berman, 

Fenes (a cargo of 2200 tonnes of wheat which threatened to smother local seabed biota), 

Vologoneft, Erika and in the spill during the Lebanon war of 2006.  In these incidents divers 

were employed to use manual techniques. Oil or, in the case of the Fenes wheat grain, was 

recovered to containers on the sea bed.  This technique minimises recovery of sediment as 

divers have a high degree of dexterity in the operation of hands or tools and are disinclined 

to create excess work for themselves.  The technique also minimises the quantities of water 

recovered reducing the need for surface separation of waste streams and processing of 

water.  

 

    

Figure 25.  Divers at the Athos1 and in EPA training (photo credit: US EPA dive 
programme and MPC). 

 

During the Volgoneft 248 divers were engaged to recover sunken oil in shallow waters.  An 

important element of reported success was the contract. This incentivised divers, who were 

paid according to the oil content of the material recovered and on a sliding scale as 

remaining oil become more scattered.  Although often quoted as a success, it should be 

noted that of 850 tonnes potentially available for recovery only 368 tonnes (43%) were 

recovered.   

5.6.3 Diver Directed Recovery Device  

Another common use of divers is to direct a recovery device. This increases the area being 

treated whilst reducing diver workload.  Divers are most commonly used to direct vacuum, 

air lift or negative pressure pumping (a positive displacement pump is used to create a 

negative pressure and draw material in). In some cases a combination of these may be 

used in a single system, particularly when operating at greater depths.  
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Systems utilising these technologies have been employed on a number of incidents.  In the 

Morris J Berman initial operations used vacuum systems which were replaced by 3 

generations of pumped systems as efforts continued to refine and improve efficiency.  

However, this incident also shows a typical trend: the initial systems proved insufficient to 

recover the material, but the replacements were uncontrollable by the divers and required 

the removal of the diver for safety reasons (thus losing the control over the material being 

recovered).   

Removal by pump and vacuum systems have historically been the most successful removal 

strategy for sunken oil. Such systems can include vacuum trucks, units mounted on barges, 

and submersible pumps. They often are diver-directed and the suction head is modified so 

that the diver manually opens and closes the valve. The oil must be liquid to be pumped. As 

large volumes of oily water are generated, there must be facilities for oil/water separation 

and discharge of the separated water back into the water. Separation can be very 

problematic for some oils, especially when they are heavier than water and only part of the 

oil tends to re-float. During the Morris J. Berman spill, vacuum removal was effective but 

very slow. 

Diver-directed recovery devices ideally allow control by the diver, either through good 

communications with the surface or by being sized to allow them to be controlled easily 

(with the disadvantage that this may reduce recovery rates).   

 

         

Figure 26.  Diver communications, visibility and endurance issues (photo credit: US EPA 
dive programme). 

Diver-directed equipment can also be utilised for refloating of sunken oil. Sunken oil may 

become buoyant again if it can be separated from the sediment and given impetus to move.  

For many years, the maritime archaeological and salvage industries have utilised a 

technique called airlift, or venture. A stream of air is released at the base of a pipe. The air 

rises and moves towards the surface. This creates suction pressures which creates an 

effective vacuum to lift sediments and oil. This can cause sediment and oil to be released in 

to the water column and the oil may resurface. Resurfaced oil is contained and recovered 

by conventional means. However, the window of opportunity for recovery may be limited as 
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incorporation of air could be a factor in the oil’s renewed buoyancy. A variant of this 

technique (using an impact lance to provide the lifting air under patches of oil) was used at 

the Erika incident.   

 

Figure 27.  Impact lance used in the Erika incident (photo credit: CEDRE). 

 

It is possible to recover material through a hose close to the airlift using this technique. 

However, such a system typically recovers large volumes of water (in some cases up to 

100 times the volume of sediment recovered).  To be efficient, water depth of more than 10 

meters are required.  

     

Figure 28.  Diver operated suction head or stinger with diver controls (Photo credit 
HELCOM and Tornado Motion). 

   

In shallow water, diver fed sifting systems such as a gold panning dredger may be 

considered to separate oil, sediment and water. However, these are as yet untested.  

5.6.4 Dredgers  

The recovery of large quantities of sediment from port harbours and around the coastline is 

an established business. The use of dredgers has therefore been proposed for a number of 

incidents involving sunken oil and also employed in other cases of sunken contaminants.  
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Figure 29.  Gold panning dredger. 

In the Irvine Whale a detailed assessment of the dredging options was made and is shown 

below. 

 

Figure 30.  Analysis of dredger recovery options for the Irving Whale. 

 

Different types of dredgers have been proposed or used to recover oil from the bottom.  
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Where the oil is solidified, environmental clamshell dredges have been used successfully. 

Modifications using a large duckbill dredge head have been designed to reduce the amount 

of water and sediment.  

Dredgers are generally designed to remove large quantities of material rapidly and, in most 

cases, from locations where contamination is not expected to be present. They do not 

therefore have to be as accurate or careful of disturbance as techniques generally 

employed in sunken oil recovery. If not carefully controlled, dredgers could result in the 

removal of large amounts of sediment, which would require storage and treatment due to its 

combination with the recovered sunken oil.  They may also result in the distribution of some 

material from effected areas to adjacent previously uncontaminated sites.  The depth of bed 

material removed is difficult to keep below 20cm to 25cm without modification, or use of the 

most modern systems.  

Dredgers are normally limited to a maximum of 50m water depth (dredging beyond this not 

being required for ports) but some specialist systems do exist for greater depth excavations 

and mineral recovery. The offshore oil industry has developed systems to meet its needs 

for excavation of pipeline routes and other operations as well as for removal of drill cuttings 

and other materials from the sea bed. 

A number of dredger systems are available. The most basic is a crane mounted grab, which 

although simple in design, has poor control of direction and depth of cut.  

 

  

Figure 31.  Clamshell and bucket dredger (Photo credit HELCOM/ Hand et al 1978). 

Bucket or hopper dredgers utilise a chain of buckets to dig into, contain and convey the 

sediment/spoil to the surface where it is usually transferred to barges for transport to a 

disposal site. This type of dredger removes all material it encounters and can result is 

considerable disturbance of the surrounding sediment.  

Hopper dredges have been proposed in response to sunken oil in the past, but the massive 

volumes of water and sediment generated, compared to the amount of oil recovered, is a 

significant factor in the selection process. A hopper dredger was considered during the 

DBL-152 incident because of the need to quickly recover the submerged oil before it spread 

(though the oil spread before final plans were developed). 
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Barge or spud leg barge mounted excavators utilise a single bucket either on a fixed 

mounting or using a dragline technique to remove material.  Again material is transferred to 

a barge for transport to a disposal site.  Depth of excavation is reduced and there is more 

control over the areas excavated but this is countered by the reduced area that can be 

swept.  This type of dredger is more suited to shallow water operations. A similar system 

was employed in the Erika incident to clear a heavily oiled area of sediment. An area some 

1500m2 was cleared in 240 hours (10 days continual working), removing some 800 tonnes 

of oil and sediment.  Excavations were reported to be to a depth of 30cm in the most 

heavily contaminated area.    

Hydraulic or suction dredgers have replaced other types in many areas due to the speed in 

removing sediment, reduced mechanical components, improved reliability and reduced 

maintenance downtime. The system uses a centrifugal pump to convey water and sediment 

(older systems removed as little as 10 to 25 % sediment but modern designs have 

increased this to 80% reducing the recovered water issues) up a trailing suction pipe to the 

vessel.  Pipes vary from 15cm to 1200cm in diameter and lengths are sufficient to allow 

depth of up to 50m, or even up to 100m deep with some modern designs. Some are fitted 

with cutter heads for operation on more resistant sediments.   

 

Figure 32.  Mechanical hydraulic dredger (Photo credit Helcom).  

 Material can be stored on the dredger vessel or transferred to other craft. Storage on the 

vessel, together sophisticated dynamic positioning and thrusters systems, allows for self 

contained and efficient operation even in busy shipping lanes. Suction dredgers were used 

during the Erika to sweep areas with lower concentrations of oil.   

Pneumatic dredgers, such as the Pneuma system, use hydrostatic pressure and 

compressed air submersible pumps to recover sediment (with low water contents 20% 

typically).  There is no theoretical depth limit for these systems and they have been used in 

removal of drilling cutting and other contaminants around offshore oil structures. Such a 
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system was used in the Haven incident. In this instance a remotely operated vehicle (ROV) 

cutter assembly had to be developed to cut the oil into manageable chunks.  

 

 

Figure 33.  Pneumatic dredger which generates less turbulence (photo credit: Helcom). 

During the T/B Morris J. Berman spill, two small dredgers using centrifugal vane pumps and 

rotating dredge cutter heads were employed to recover submerged oil in two small 

embayments, with good success (Burns et al., 1995). Large, onshore pools provided the 

capacity needed for decanting.  

Finally, not all dredgers are surfaced based. The Tornado Motion Technologies LLC (TMT) 

submerged oil recovery system is based on their tracked dredgers system. The system 

consists of a tracked seabed unit (generating a maximum ground pressure of 5 Psi) on 

which is mounted an eddy pump and a movable controllable suction head.  The unit is 

designed for surface remote control using vehicle mounted cameras to identify targets.  The 

unit also features GPS tracker system allowing it to be directed to targets fixed by other 

survey systems. The tracked system is reported to create less turbulence than conventional 

systems. The maximum working depth is in excess of 60m or as little as 30cm and recovery 

rates of 240m3/hr are quoted.  The unit is designed to allow a diver operated “stinger” to be 

attached  

             

Figure 34.  Tornado Motion tracked sunken oil recovery system. 
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Mineral and Mining project of South Africa have constructed a much larger 250 tonne 

underwater crawler for use at depths down to 150m.  This unit also mounts an on board 

pump principally for mineral and diamond laden sediment from the seabed.  The design is 

being further developed with an objective of operating at depths up to 3000m in the near 

future.   

Dredging is the fastest method for removing sunken oil from the bottom, but is likely to 

generate very large volumes of oily water and sediment that must then be handled, treated, 

and disposed of. Even under careful control, dredgers often remove the top 0.5m of 

material, removing and contaminating a large amount of clean sediment. Logistics and 

costs are reduced if the material can be handled on land, compared with using barges or 

temporary storage and separation. Time can be of concern because oil that is still fluid 

could be re-mobilized by storm waves, increased river flow following heavy rains, or ship 

traffic. 

It is anticipated that there will be spills in the future when dredgers will be needed for rapid 

recovery of submerged oil. Research is needed on how existing dredgers might be used 

and what modifications can be quickly made to improve their performance. As with other 

pumping systems, a particular need is to develop methods to reduce the amount of water 

and sediment collected during dredging operations.  

5.6.5 ROV and Mini Submarines  

Long-term diving operations are inherently dangerous, and they become more so at 

increasing depths. Remotely operated vehicle (ROV) technology has expanded into many 

applications. ROVs were modified to hot-tap the hull of the wreck of the T/V Prestige and 

pump the oil off at 3,500 m depth, albeit at great cost. The Remotely Operated Lightering 

System (ROLS), which operates as a diverless hot-tap and pumping system to remotely 

recover liquid products from the tanks of sunken vessels is a proven technology that could 

be built upon.  

These systems have allowed sustained operations and observation of the sea bed and as a 

result offer a potential capability for sunken oil detection and recovery.  

Marine Pollution Control Inc (MPC) has experience in dealing with sunken oil within the 

USA using divers and diver directed recovery devices. They believe that a mini submarine 

mounted recovery device would be effective in recovering sunken oil and have invested in a 

design and development programme to test this concept. Their initial recovery system 

design has been fitted to mini submarines for trial. Currently, the submarine is fitted only for 

visual oil detection by the occupant, enhanced only by the provision of lighting to allow 

visual observation at depth. The future development of this system may include fitting of 

beyond visual range cameras, sonar or other systems to help sunken oil identification.   
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In its current form the system offers an oil detection and recovery capability.  The recovery 

capability is achieved by the means of a fish tail suction head.  Suction is provided by a in 

line pump giving the possibility of controlled pumping to minimise recovery of clean material 

as the system manoeuvres between target areas.   

 

    

Figure 35.  MPC and SEAmagine Hydrospace Corporation sub sea oil recovery system. 
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6 RECOMMENDATIONS FOR FUTURE WORK 

1. One of the most obvious gaps in current knowledge, and one that requires practical 

work to elucidate the mechanisms, concerns the way in which stranded oil can pick up 

substrate from a shoreline and then sink after being remobilised on the next tide. 

Specialised tank test facilities exist, such as the COSS facility at Texas A&M University 

and at CEDRE, to study spilled oil / shoreline interactions, but these have mainly been 

used to predominantly study the retention of spilled oil by shorelines, not the fate of oil 

that is remobilised after picking up some substrate. It is obvious that there are many 

variables that will influence the behaviour of spilled oil on shorelines.  

A series of tank tests using various test oils with ‘typical’ UK shoreline substrate types 

could help to establish the basic principles of this behaviour. Such a test matrix could 

include: 

 

Oil properties Shoreline type 

Oil density (low, medium and high) Gravel beach 

Oil viscosity (low, medium and high) Sandy beach 

Emulsified oil versus non-emulsified oil Mudflats 

 

Batches of simulated weathered oils could be allowed to strand on an artificial beach in 

a simulated falling tide, left undisturbed for the appropriate length of time and then 

exposed to a simulated rising tide with wave action. The fate of the mobilised oil, the 

amount of oil retained on the beach and the amount of substrate transferred to the oil 

could then be determined by suitable analysis.  

2. Models have been developed to describe mixing of oil with sediment in the water 

column. However, these require a lot of scenario and site specific data at the moment 

and are not easily linked to many spill models. It may be possible to develop future 

versions of existing models to include data from sediment adherence tests conducted in 

the laboratory or in simple tank tests.  

Such practical tests would require careful design to allow for different oil types, 

weathering states, wave energy sediment types and grades. However, the testing 
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currently used to assess dispersant efficacy (using rotating flasks to represent wave 

energy) could easily be adapted for sediment-oil mixing tests.  

In the meantime, some more practical “sinking threshold” data could be obtained by 

conducting a less detailed test matrix across a wide range of oils and sediments.  

3. The SL Ross model for oil submergence (SL Ross, 1987) provides a practical tool that 

can be easily be added to existing models. However, it has only been validated against 

laboratory work (in fact, it is based on empirical results) and further work should be 

conducted to validate it against data from real spills if it is to be used in future systems. 

Such validation may be possible against data from incidents such as Erika or Prestige. 

As submerged oil presents the greatest risk (of the 5 processes identified) of being lost 

and carried great distances, this is seen as one of the key priorities.  

4. Oils which sink following interactions with sediment (either on the shoreline or at sea), 

are likely to sink in the nearshore region and nearshore processes will affect their 

subsequent movement (wave action, longshore drift as well as complex nearshore 

currents). If it was felt that this movement was a key concern, then further work might 

be considered to develop a transport model that can be applied generically – not site-

specifically – for these processes. Such a model could be based on existing site-

specific models. 

5. Where oil may have sunk its potential impact, and that of the response, should be 

evaluated. It may be prudent to conduct a Net Environmental Benefit Analysis (NEBA) 

prior to arranging recovery equipment. The issues to be considered in any NEBA are 

not well documented and the sea bed organisms which will be protected by removal of 

sunken oil are not identified.  As the operations to date have all resulted in significant 

sediment removal, in disturbance of the sea bed by survey techniques and from the 

recovery operation itself, this element of the decision making process needs 

development and consideration (“Will the operation do more harm than good?”). It 

should also be ensured that personnel with knowledge of benthic impact are available 

on the Environment Groups to consider the response impact to sunken oils. 

6. Development of monitoring and recovery equipment is ongoing in the USA (by USCG 

on sonar and by MPC on recovery equipment). It is recommended that the MCA 

maintains a ‘watching brief’ on such activities. There is a lot more that could be 

achieved with additional funding and if the MCA was considering any such funding 

(either directly or by supplying expertise) it would be worthwhile considering assisting 

these projects rather than starting something new.   

7. Training of response personnel is a cost effective and easy method of raising 

awareness of the issues of sunken and submerged oil: 
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a. The MCA may wish to consider including the areas of sunken and submerged oil 

in its accredited courses (and discuss similar topics with the IMO for its courses).  

b. The MCA may consider issuing a Scientific, Technical, and Operational Advice 

Notice (STOp) notice to raise awareness of sinking and submergence issues, 

advise on what to look for, how to respond and to encourage rapid cleaning of 

beaches to prevent refloatation. 

8. The MCA should consider whether to add procedures for responding to sunken and 

submerged oils to the National Contingency Plan. As well as guidance on the response, 

it may be worth considering the creation of a Non-floating Oil advisory group at 

incidents where oil might sink or submerge.  

9. The project has demonstrated the gaps in recording and reporting of experience and 

lessons learned in oil spills.  While this is particularly evident for sunken and submerged 

oil incidents the omissions apply to more widely to oil spills particularly to lessons at the 

tactical / field level.  The MCA may wish therefore to consider how in future in can 

ensure that lessons learned at a tactical and operational levels are identified, 

documented and incorporated into future strategic planning.  Within the aviation industry 

and shipping organisations such as CAA and MAIB have established teams to examine 

the technical issues surrounding any incident.  While reviews and reports have been 

undertaken by ad-hoc groups for oil spill they have tended to focus on policy, response 

organisation and decision making rather than on practical operational details.  The MCA 

may wish to consider how it could improve this in the future possible by pre-selection or 

identification of internal and external “experts” who could deploy quickly to record, 

document and extract lessons learned from future UK and overseas incidents.   
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