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Background 
Enbridge Northern Gateway Pipelines proposes to construct and operate two pipelines between 
an inland terminal at Bruderheim, Alberta and a marine terminal near Kitimat, B.C. One of the 
pipelines will carry a blend of bitumen and condensate from the Alberta oil sands west to Kitimat, 
and the other line will carry condensate east to Bruderheim. A primary component of the 
proposed facilities is a marine terminal for loading and unloading oil and condensate tankers and 
for its marine transportation. 
 
Living Oceans Society (LOS) is concerned about the current state of preparedness for oil spill 
detection and response in the event of a bitumen-condensate spill and, as such, contracted an 
independent third party, Counterspil Research Inc., to: 

1. Review relevant publications on the current state of oil spill detection and 
countermeasures technologies for viscous, heavy oils that might submerge (i.e., become 
suspended or sink) when spilled. 

2. Submit a report to LOS including a summary of the review. 
 

Introduction 

Heavy oil mixtures have posed challenges to responders in past spills in both fresh and saltwater 
environments because of their unique properties.  These include a range of possible fate and 
behaviour from floating to neutral buoyancy to sinking.  Finding the spilled oil and removing it 
have been difficult tasks, and equipment useful on lighter oils cannot be effectively applied.   
 
The primary assumption made as the basis for this study was that the oils Enbridge is proposing 
to transport might float for several hours to several days or more if spilled into saltwater; however, 
as light ends volatilize and emulsification and sedimentation occur, these oils could assume 
neutral buoyancy and become suspended in the water column, or they could sink.    This 
behaviour has been observed in past incidents involving heavy oils including: the M/T Athos 1 
tanker accident which spilled 265,000 gallons of Bachaquero Venezuelan crude oil offshore of 
Port Arthur, Texas in 2004, and the DBL-152 barge incident which spilled 2.7 million gallons of 
slurry oil into the Gulf of Mexico in 2005. In both cases, portions of the spilled oil submerged, 
posing significant difficulties to response in terms of both detection and cleanup.   
 
In BC’s coastal waters, the specific gravity and subsequent movement of viscous oils would not 
only be affected by emulsification and sedimentation, but also by tidal and other currents, wind-
generated waves, low temperatures, salinity anomalies, and other factors.  Should the viscosity of 
a heavy oil become so high that the pour point is exceeded, i.e., the oil ceases to flow, then the 
spill might not be amenable to conventional methods applied to releases which remain on the 
water surface. According to Enbridge’s technical data reports for the proposed Northern Gateway 
Project, the bitumen-diluent blends that were modeled in their marine spill scenario are forecast to 
largely (80%) remain on the surface for 120 hours under summer conditions (i.e., unlikely to sink), 
yet “will be easily overwashed by water” (Belore, 2010a and b).   
 
This oil spill behaviour results in well-recognized challenges to responders that researchers have 
investigated for some time. The potential submergence or at least over-washing of viscous, 
spilled oil requires specific control strategies. Sinking can occur not only with oils with a specific 
gravity greater than 1 but also with oils with specific gravities within a few percent less than 1 (i.e., 
lighter than water) (Usher 2006). It is the current state of spill detection and countermeasure 
technologies required to respond to a spill of these oil types that is assessed in this report. 
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Approach 
Post-1990 literature dealing with viscous and/or submerging oils was reviewed. A summary of 
current oil spill detection and countermeasure technologies were sorted according to the basic 
spill control phases considered during oil spill response: detection and monitoring, containment, 
removal, transfer, and storage.  While workshops, actual spill response reviews, and research 
programs often consider more than one aspect of countermeasures, it was believed that sorting 
each phase into specific categories would help highlight the status of individual technologies 
rather than simply summarizing each reviewed publication.  Various oil types have been 
referenced in the reviewed publications. The only defining or prerequisite properties required for 
their inclusion in this assessment was having a high viscosity and/or the potential to sink.  
 
Conclusions and recommendations made by the researchers in the original publications are 
included where possible. The report concludes with a brief discussion and an overall summation 
for each of the response categories studied. 
 

Detection and Monitoring 
The detection of submerged oil is difficult in many situations. 
Water depth and clarity do not always allow a spill to be seen 
and the oil usually moves and spreads as currents transport it 
rendering locating it even more difficult over time.  Yet detecting 
submerged oil has been attempted using various techniques 
ranging from highly sophisticated instrumentation to simple 
sorbents, as described below. 
 
 

 
During response to the M/T Athos 1 incident, a “snare sampler” (below left) was used which 
consisted of an anchor, 1m of “snare” sorbent on a rope, and a float that was deployed several 
kilometers downstream from the release point of the spill. Initially, oil stained the bottom 1m of the 
snare with smaller amounts of oil present in the middle and upper portions of the device.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eventually, approximately 100 snare samplers (above middle) were deployed in order to track the 
spread of the spilled oil that submerged. Each snare was colour-coded to indicate four different 
degrees of oiling (0%, 1-10%, 11-25% and 26-50% in the spill area (above right).   

Location of Snare Samplers Degree of Oiling Snare Samplers 

 

M/T Athos 

(Lehmann 2006) 
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A second system was developed (pictured left) to both search 
for, and recover, mobile submerged oil from the M/T Athos 1 
spill. Five of the devices were made, each consisting of an 8 ft 
carbon steel pipe, 6-8 inches in diameter, rigged as a bridle 
with attached 6-8 ft lengths of 3/8-inch chain to which snare 
was tied.  The V-SORS detected oil 25 km from the release 
site and trace amounts about 35 km downstream. 
 
 
 
 

Both the snare samplers and V-SORS had limitations in detecting and monitoring submerged oils. 
Limitations included: losses due to strong currents and rough seas, vandalism as well variable 
inspection periods due to the rough weather. 
Heavier anchors, higher visibility buoys, and more secure attachment methods were tried but the 
sampling effort was eventually reduced because of its cost.  Ultimately, visual monitoring of 
intakes for oil, tarballs, and sheen was conducted by water quality professionals. 
 
Michel (2008) also reports on the following generally more sophisticated detection systems: 

 
• Side-scan sonar data were reported by the US National Oceanic and 

Atmospheric Administration (NOAA) and the Navy Supervisor of 
Salvage not to be useful in identifying pooled oil during the M/T 
Athos incident but could be used to estimate the dimensions of a 
trench where pooled oil was found and recovered. BMT (2009) has 
recommended further studies on sonar be conducted because of 
mixed reported results. 

 
 
 
 

• During the DBL-152 fuel oil barge spill, side-scan sonar provided 
good spatial coverage and visualization of large oil accumulations 
and other bottom features (e.g., pipelines). However, its 
effectiveness diminished as the oil spread and as rough sea 
conditions developed. There was also slow turnaround time (i.e., 
days), and validation of the oil location was still required. 

 
 

• RoxAnn, a trade-marked seabed classification sonar system, was 
also tried during the DBL-152 spill to locate oil by discriminating 
different seafloor bottom types.  It was found to have limited  
application due to its narrow swath of detection relative to the  

          patchy nature of the submerged oil and the large search area. 
 

• Remotely-operated underwater video recorder used during the 
DBL-152 spill successfully provided quantitative estimates of the 
frequency and size of oil accumulations but only had a small  

DBL-152 Graphic 

(Lehmann 2006) 

DBL-152 ROV 

(Lehmann 2006) 

DBL-152  

(Lehmann 2006) 

V-SORS 
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                                           survey swath (1 m) due to low visibility (there were also frequent  
                                     down days due to the poor visibility). The remotely-operated video  

recorder could also not always determine the exact position of the 
oil. BMT (2009) supports this finding but adds that video is effective 
in areas where visibility exceeds 0.5 m, but again it may not  
generate a very wide field of view), 

 
• An example of the video that is possible when water clarity allows is 

pictured at left (Lehmann 2006).  The quality of the images 
obtained during the course of the DBL-152 spill varied and 
depended on sea conditions, oil properties, sedimentation, and 
other factors. 

  
 

 
Michel (2008) also concludes the following as regards the simpler detection methods: 

• Sorbents attached to weights and sediment corers 
proved ineffective in detecting submerged oil during 
the M/T Athos spill since the wake of the device 
pushed the oil away. The similar “snare sentinels” 
(crab pots replaced chain) used during the DBL-152 
spill were effective in detecting oil at various depths 
but suffered high losses and were determined to be 
time- and labour-intensive to use. 

 
• Light and heavier V-SORS were used during the DBL-152 spill. A larger vessel with a 

crane was needed for the large system while smaller boats could manually deploy the light 
models. Difficulties in precisely locating submerged oil were experienced with both sizes. 

 
At a workshop held in Durham, New Hampshire in December 2006 it was concluded that a very 
complex set of data is needed in order to develop a reliable 4-D model that can locate submerged 
oil.  A conceptual model in a National Response Centre report was used as a starting point 
(Coastal Response Research Centre, 2007). Workshop participants discussed the integration of 
physical transport and weathering models with toxicological and biological components in order to 
assess the potential environmental impacts of submerged oil. It was concluded that an 
understanding and classification of seafloor habitat would help to determine cleanup options and 
endpoints. One working group identified the following data as being needed to validate or 
calibrate models: current profiles, wave energy, suspended sediment concentrations, detailed 
bathymetry, seafloor sediment characteristics, and sediment transport patterns and rates. 
 
The workshop participants also recommended the systematic evaluation of acoustic systems, 
underwater video, LiDAR and chemical sensors to detect and map submerged oil.  Low 
technology methods such as the “snare sentinels” and various trawled chain drags were found to 
lack the means to characterize and quantify oil, needing improved construction and deployment. 
 
The tracking of submerged oil by airborne hyperspectral fluorescent LiDar during the Deepwater 
Horizon BP oil spill in the Gulf of Mexico in 2010 proved successful and is reported by 
Babuichenko et al.  No limitations of the equipment are noted. 
 
 

Snare Sentinels (Usher 2006) 

DBL-152 Video 

(Lehmann 2006) 
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Usher (2006) has more generally summarized the status of 
locating, tracking and predicting the behaviour of non-floating oil. 
He concludes that efforts are particularly difficult especially in the 
presence of currents. His conclusion is based on a review of the 
sinking of a Clarified Slurry Oil (CSO) barge in the Chicago Ship & 
Sanitary (fresh water) Canal in January 2005.  Side scan sonar 
was used to locate debris for its recovery, but divers’ visual 
observations were relied on to locate oil on the canal bottom. 
 

Usher (2006) does note that oil was 
successfully seen using a small ROV 
during the sinking of the DBL-152 
barge (at left).  Maps were produced 
that guided the location of recovery 
operations.  Divers were also used. 
 
 

 
BMT (2009) similarly concludes detection and monitoring techniques used on surface oil spills are 
generally not effective for sunken oils.  Side-looking Airborne Radar (SLAR), UV, and IR are not 
able to penetrate water. Although visual detection has been used to locate and track submerged 
oil in clear water, BMT (2009) concludes that such observations should only be made by 
experienced personnel. The sunken oil can take many forms and be mistaken for weeds, etc.   
 
BMT (2009) reports that CEDRE (France) and the US Coast Guard (USCG) have independently 
undertaken studies to evaluate and develop detection systems for sunken oils. These have 
included sonar-based systems, mass spectrometers, fluorometers, and laser line scanning 
systems. Of these, the following technologies were selected for further study: 

•     RESON Sonar System - 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 - fluorescence spectrometry identifies aromatic compounds in heavy oils. It 
is of small size and could potentially be attached to ROVs or other platforms. 

 
Hansen et al. (2009) detail their testing of various prototypes and the RESON and EIC equipment 
at the Oil and Hazardous Material Simulated Test Tank (OHMSETT) in Leonardo, NJ between 
2007 and 2009.  The study team concluded that multi-beam and imaging sonars are best for 
conducting wide area detection surveys of large clumps of oil, but resolution is still not complete 
for widely dispersed oil.  Laser systems and narrower beam sonars may be better suited to define 
narrow areas, including the amount of oil present. This could be useful for guiding recovery 
efforts.  Because of the mobility of submerged oil, BMT (2009) recommends that combining 
detection and recovery equipment will provide a more effective response, a view not only shared 
by Hansen but also implemented in his other more recent work (Hansen et al., 2011). 

 
On the low technology side, simple visual tracking of oil on 
the bottom has been possible when water depth and clarity 
has been favourable.  Following the T/B Morris J Berman spill 
of heavy oil (API 9.5) on January 7, 1994 near San Juan, 
Puerto Rico, sunken oil was sighted from overflights and 
vessels (Lehman 2006).  Oil was observed to sink, float, and 
then sink again primarily due to entrained sediment. 

CSO Barge Sinking 

ROV Before Locating Oil ROV After Locating Oil 

Morris J Berman Spill 
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Containment 
The containment of floating spilled oil can be achieved in low wave, low current environments 
using barriers specifically designed for this purpose.  Commercial booms are available for a wide 
variety of applications ranging from rivers to the offshore.  However, once oil sinks below the 
water’s surface, conventional spill containment booms cannot halt the oil from spreading and 
concentrating it for removal.  Other techniques must be identified that act on the submerged oil. 
 
A sorbent barrier/fence was proposed to protect water intakes during the M/T Athos spill but was 
never tested and was judged to be of an “inadequate engineering design” to assure that it would 
be functional (Michel 2006).  A similarly designed bottom filter fence was proposed during the 
DBL-152 spill to be anchored to the seabed using rebar; however, the strength of the prototype 
system was inadequate, and the oil mobilized too frequently to set it up. Trenching and berming 
was also discussed as an option during that incident, but submerged oil can often be suspended 
and negate the utility of that approach. 
 
Pneumatic barriers (air bubble curtains) are reported by Michel (2006) to be effective at protecting 
a water intake at currents of less than 0.75 knots. Cooper (2006) indicates the possibility that an 
air bubbler “may offer the advantage of aerating the oil to some extent which would alter the bulk 
density and reduce the oil’s tendency to sink over time.”  He goes on to note that deep-skirted 
booms developed to contain Orimulsion may have applicability to heavy viscous oils but generally 
there is very limited information on these containment strategies and equipment. 
 
The workshop held in December 2006 in Durham, New Hampshire) concluded that the 
containment of oil on the bottom of a watercourse has only been successful in low-flow zones and 
depressions (Coastal Response Research Centre, 2007).  Containment (and recovery) is difficult 
when remobilization and spread of the oil occurs.  Options such as bottom booms, filter fences, 
trenches, and booms would have to be coordinated with recovery and be easily and quickly 
deployed, However, the successful implementation of these techniques is highly dependent on 
bottom current conditions and oil type.  BMT (2009) similarly concludes that seabed booms for 
sunken oils are “only experimental and have not been proven in real events.” 
 
Usher (2006) more specifically states that “effective containment of submerged oil is usually next 
to impossible when currents are present.”  BMT (2009) concurs and points to difficulties in 
detecting sunken, submerged oil as limiting the effectiveness of containment techniques. Yet BMT 
(2009), also indicates that conventional booms might help to contain oils that are only slightly 
submerged, i.e., oils that have only been “overwashed”.  
 

BMT (2009) cites that trawl nets have proved effective 
in some incidents; the nets have been specifically 
designed to recover heavy oils.  
 
BMT (2009) also indicates that Western Canada Spill 
Services has trialed fine mesh nets for submerged oil 
containment, but these have not yet been proven to be 
effective. Further trials may be conducted using new 
concepts and materials. 

WCSS Containment Net 
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Removal 
The technologies to recover viscous oils have improved significantly over the past 10 to 15 years.  
Skimming floating viscous oil can be attempted using a variety of devices as described below. 
However, once oil submerges, different approaches must be used.  In the case of oil that is 
neutrally buoyant and remains suspended in the water column, there is little that can be done on 
a practical basis to chase down and collect it.  No relevant research was located during this 
review.  For viscous oils that sink to the bottom, various recovery and transfer devices have been 
tried and are being developed.  Oil accumulations must first be located. 

 
A hydraulically-driven submersible dredge pump attached to a 
diver-directed suction hose was used to recover 900 gallons of 
submerged, pooled oil from a small trench during the M/T Athos 
spill (Michel 2006).  A steam-injection duckbill attachment was 
installed on the suction hose intake to warm the viscous oil and 
reduce friction losses. The photo (at left) shows the steam-
enabled duckbill nozzle which was used to vacuum oil from the 
river bottom. 
 

Initial attempts using a centrifugal pump resulted in droplet formation so that a lower rpm Foilex 
TDS-150 Archimedes screw pump was then effectively applied along with a 4-stage decanting 
system on a barge to reduce water content.  A drum skimmer and snare sorbents were part of this 
oil concentrating system. 
 

Usher (2006) also more specifically describes the diesel-
hydraulically-driven submersible pumps being mounted on a 
steel debris box to decrease the likelihood of a rock or other 
object jamming the pump.  These were used successfully with 
the duckbill nozzles. 
 
 
 
 

Very similar diver-directed pumping was also used during the DBL-152 incident once individual oil 
patches could be specifically targeted (Michel, 2006).  This followed initial oil removal attempts 
when large volumes of water were collected with a hopper-dredge and large duck-bill system. 
Overall, support logistics were complex, repositioning of the work platform was difficult, and 
recovery rate was slow as mobile oil kept spreading. The total volume collected was 600 barrels 
(bbl) of a mixture of oil, water, and sediment. The original release was 2.7 million gallons of oil.  
Michel (2006) points out the potential of clamshell dredges when the oil is solidified.  Michel cites 
the successful application of two small dredges with centrifugal vane pumps and rotating dredge 
cutterheads during the T/B Morris J Berman spill as possible options. 

 
Usher (2006) concludes that although several types of pumps 
were tried, the best units for removing sunken oil that was 
released from the DBL-152 barge were the hydraulic 
submersibles that featured “open” impeller chambers, such as 
the MPC model KMA axial/centrifugal pump.  Pumping was 
contingent on divers directing the operations. The validity of 
this approach using diver-direct pumps is shared by BMT 
(2009). KMA Axial/centrifugal Pump  

Duckbill Nozzle (Usher 2006) 

Submersible Pump 
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Usher noted divers used a Nitrox mixture to increase time 
on the bottom.  The dive team also maintained a 
decompression chamber onboard the recovery vessel in 
case of any emergencies arose during the DBL-152 
response operations.  The inclusion of the chamber on a 
support barge indicates the potential dangers that divers 
face when engaged in the response to submerged oil 
spills. 
 
 

Michel (2006) also noted the dangers of long-term diving operations when diver-directed pumping 
is used. She referred to the remotely-operated vehicle (ROV) technology that was applied to help 
pump heavy oil from the submerged wreck of the T/V Prestige off the coast of Spain to be used 
as an alternative at significant water depths.  BMT (2009) also sees ROVs and mini submarines 
as offering potential to recover oil from greater depths than is possible with divers. Marine 
Pollution Control has been trialing a mini submarine-mounted suction recovery system which 
currently requires the submarine occupant to detect oil but may include additional detection 
systems in the future (see below). 
 
An Appendix in the Michel 2006 report suggests nets for the removal of submerged oil.  However, 
this technique was observed during the Kurdistan spill off Nova Scotia in 1979 from the Cape 
Islander fishing trawler and found the operation to be extremely messy when the nets were 
retrieved and largely ineffective (personal experience).    
 
The Michel (2006) Appendix, prepared by the USCG, concludes that of 14 methods reviewed to 
recover large pools of submerged oil, a hopper dredge or large duck-bill system has the highest 
potential.  Timing, operational limits, recovery efficiency, remobilization, cost, and safety were 
considered.  It goes on to say that a combination of systems would likely be used.   
 
BMT (2009) endorses dredging for the recovery of sunken oil.  Dredging equipment is often more 
readily available than specialist oil recovery equipment and is also useful when oil needs to be 
recovered quickly in order to protect sensitive areas or prevent spreading. BMT (2009) also 
concluded the following: 

• A limitation of all dredging systems is that a large amount of sediment is recovered and 
will need storage and treatment or disposal. It is difficult to recover less than a depth of 20 
cm of bed material using dredgers. 

 
• Clamshell dredgers, barge-mounted excavator dredgers, and suction dredgers have been 

applied successfully in the cleanup of actual spills. Dredgers are generally limited to 
around 50m water depth but pneumatic dredgers can operate in greater water depths.  

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

dredger which operates on the seabed via remote control and is reported to produce less 
turbulence than other systems.  See also Hansen (2011) below. 

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

of water and sediment waste. The environmental benefit of oil removal against seabed 
disturbance also needs to be considered. 

 

Decompression Chamber  
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It is interesting to note that BMT (2009) astutely refers to stranded oil as having the potential to 
sink so that more advanced, available techniques should be applied to recover oil from beaches 
to prevent this. BMT also sees “venture lances (or vacuums)” being used to lift and recover 
submerged oil in shallow water. 
 

The workshop held in December 2006 in Durham, New Hampshire (Coastal Response Research 
Centre, 2007) concluded that existing methods to recover submerged oil need to be refined and 
new approaches devised to address five problem areas: 

1. Nozzle design of hoses to reduce water intake during underwater pumping 
2. Increased oil concentration and pumping rate of diver-directed vacuum systems 
3. Use of remotely-operated vehicles (not divers) for safe pumping 
4. Modification of dredges to minimize water and sediment uptake 
5. Improved oil separation and water decanting to improve throughput and costs 

 
In his analysis of floating heavy oil recovery technologies, Cooper (2006) indicates that skimming 
may be ineffective with heavy oils that tend to float low in the water. Even skimmers that rely on 
oil adhesion (e.g., drum, disk, and belt skimmers) may have difficulty with heavy oils depending 
upon their design and the viscosity of the oil.  These oils may tend to collect under a stationary 
skimmer and only resurface once skimming operations are halted.  However, improvements have 
been made to the pumps in viscous oil skimmers (see also Transfer section for more information). 

 
 
Three brush adapters that have been used with weir skimmers that use a screw pump were 
successfully tested with a GT-185 Skimmer in highly viscous oil by SAIC Canada at Environment 
Canada’s Environmental Technology Centre in February 2006 (Cooper 2006).  The brush 
adapters markedly reduced water content in the collected liquid. However, the oil must be 
available to the skimmer at or very near the water surface.  Other concerns Cooper (2006) cites 
and recommends for further assessment include the possible inadequate buoyancy of the 
skimmers, excessive volume of oil in the oil-feed chamber or hopper, and reduced performance in 
waves. 
 
Three other skimmers tested by Cooper (2006) successfully picked up and processed refloated 
bitumen: 

1. The  ERE Skimmer (Dynamic Inclined Plane)- a small stationary skimmer which features a 
mesh honey-comb structure steel belt  

2. The KLK 602 Skimmer- a small stationary device with two counter-rotating non-
symmetrical drums which “scoop” viscous oil. 

3. The larger Hobs rotating belt skimmer which lifts oil to a scraper and deposits it into a 
trough. 
 

Desmi Helix Lamor Quattro Lamor V-Brush 
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Research and development work on skimmers since the 1990s has been extensive in terms of 
highly viscous oils but not necessarily for those oils that submerge.  Many of these devices have 
been developed to the commercial stage and can recover oil at or very near (approximately 0 – 
30 cm) the water surface.  The oil must be at a temperature below its pour point (i.e., must be 
able to flow in order for the pickup mechanism and transfer system to function and process the 
oil).  The skimmers noted above were evaluated in Canada.   

Additional skimmers, illustrated below, have been successfully tested in Denmark, Norway, 
Finland and Sweden ((Hvidbak,F., 1999, Hvidbak,F., 2003, J.M.Ly, K. G.Gåseidnes, 2004, and 
Leirvik,F., 2008).  Extensive test data are reported for these devices which all were able to 
recover highly viscous oils.  The data are not repeated here. 

                                                

 

 

 

 

 

 

 

 

 

 

 

 

Although significant advancements have been made in recovering and processing highly viscous 
oils that float, Usher (2006) specifies four reasons why accepted methods may be problematic 
when applied to non-floating oils: 

1. General lack of experience 
2. A requirement for specialized equipment 
3. The tendency to recover large quantities of water and/or sediments along with the oil 
4. Cost and safety factors 

KLK Skimmer  ERE Skimmer  
Hobbs Skimmer 

  Desmi Terminator with  

               Band Skimmer      

                 (Denmark) 

Famo HiVisc Skimmer  

           (Norway) 

Lamor Offshore Skimmer 

                           (Finland) 

Framo HiWax Skimmer  

              (Norway)  

Lamor OPC 

Skimmer 

 (Finland) 

      (Sweden) 



11 

 

Usher (2006) described the operation of a clamshell bucket 
that was GPS directed which was used to minimize the 
amount of contaminated water runoff associated with dredging 
to remove sunken oil during the 2005 CSO barge incident.  
Daily progress of oil removal was recorded in an electronic 
format. 
 
 
 

 Hansen et al. (2011) reported on the US Coast Guard’s Research and Development (R&D) 
Center which initiated a multi-year project to develop three unique, integrated systems designed 
specifically to detect, recover, and process wastes produced from submerged viscous oils. These 
technologies were scheduled for testing in 2011 and are summarized below. 
   
The R&D Center’s project is perhaps the most comprehensive program and collection of work that 
has been reviewed during the course of this study. It brings together past experiences at spills 
and the technologies used and researched: 

 
1. Remotely-Operated Vehicle (ROV) System   

The Sea Horse system utilizes high-resolution, geo-referenced sonar coupled with 3-D 
positioning, ROVs, and commercially available generators and pumps with nozzle and hoses.  
Detection, recovery and 5-step decanting are included in a relatively lightweight, lower cost 
platform intended to be quickly deployed as multiple units.  The design is very detailed. 
 
 
 
 
 
 
 
 
 
 

2. Manned Submersible 
Marine Pollution Control (MPC) of Detroit, MI developed and then tested a 
patented system that relies on a manned submersible to detect and 
recover submerged oil.  They are also refining a multi-staged separation 
process.  This approach overcomes the dangers previously noted when 
divers are deployed during spills of submerged oil.  The operator of the 
submersible relies on enhanced oil detection sensors (e.g., multi-beam 
sonar and polarized fluorescence), a direct view of the work area, and 
controls at hand.  Enhancement of the pump and the control of debris are 
also planned. 
 

3. Submersible Dredge 
Tornado Motion Technologies designed a remote-
controlled, self-propelled, pumping vehicle, the Sub-
Dredge.  Again, it replaces divers and uses underwater 
cameras.  The key component is its EDDY Pump that 
can move 350 yd3/hr and 80% of target materials so that 

Clamshell Bucket at CSO Barge  

Recovery  

MPC System 

Decanting  
Detection  

Tornado Dredger 
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turbidity and residuals are minimized.  This is achieved by an ability to adjust the depth of 
contaminant removal in millimetre increments.  A rotating shroud sheds rocks and debris, 
and operation  to depths of 137 m (450 ft) with a booster pump is possible.   
 

Mobile, readily available “Frac Tanks” are used as the 
primary reception vessels on non-propelled, bulk carrier 
(hopper) barges since large amounts of water are likely 
to be collected.  A first phase belt skimmer and second 
and third phase separators will be used to process the 
wastewater stream. 
 

 

Transfer 
The transfer of highly viscous oil has been studied intensively with a view to improving oil spill 
response technologies including both the pumps when operated as independent units and the 
skimmers that utilize an internal pumping system.  More specifically, Archimedes screw pumps 
have been modified as a result of extensive testing in Canada and Scandinavia which has led to 
commercial products becoming widely available.   
 
Cooper (2006) refers to difficulties in Canada with the Coast Guard’s Pharos Marine GT185 
Skimmer being unable to recover and pump floating bitumen resulting from an Orimulsion 
release.  The situation was similar in the US Coast Guard, with stock equipment unable to 
process heavy oils. This shortfall in recovery capability has led to improvements in pumps.   

 
Technologies have been developed that include annular water 
injection which forces water into the flow of a pumping system to 
form a lubricating “sleeve” and greatly decrease resistance to 
flow. This has improved the performance of the Desmi DOP250 
pump, an item in the US Coast Guard and various Canadian 
inventories. Annular water injection was first tested in Canada in 
2000. This type of modified pump is also a key component of the 
skimming equipment that has been developed and tested in 
Denmark, Sweden, Norway and Finland, as previously noted. 
 
Additional modifications have included steam/hot water injection 
around the inlet (feed) hopper, a higher torque hydraulic motor, 
and modified plate wheel.  Foilex TDS and Lamor GT-A pumps 
are other positive displacement Archimedes screw pumps 
commonly used in viscous oil skimmers that benefit from the 
water injection devices.   
 

Insofar as pumps developed for submerged oil, these are addressed in far more detail in this 
report in terms of the units used directly in recovery rather than the traditional transfer operations 
during skimming on the water surface when subsequent transfer is then needed.   
 
Overall, it can be concluded that transfer technology should not be a limiting factor when dealing 
with viscous, submerged oils. 

Voraxial Separator 

     DOP 250 Pump 

with Annular Injection 
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Storage 

Although it is not as direct of a concern as other countermeasures operations for submerged 
viscous oils, the interim storage of heavy oils prior to their ultimate disposal also requires very 
specific planning.  Viscous oils that submerge are often emulsified (i.e., water has formed part of 
their composition) and they can contain sediment.  When retrieved, substantial amounts of water 
can be expected to be pumped along with the oil.  More complex receiving and processing 
facilities are therefore required to process the entrained and collected water and deal with the 
sediment. 
 
Assuming viscous, submerged oils can be recovered, Cooper (2006) refers to their storage as 
“easily becoming a limiting factor” in response, particularly if they cool below their pour point (i.e. 
they no longer flow at ambient temperature). He makes two recommendations: 
 

1. Identify and test methods of localized heating to enable oil to flow. 
 

2. Identify and test methods of lifting floating storage bladders to force the oil to flow 
toward valves during pumping operations.  

 
Usher (2006) substantiates this concern and points out 
that a critical component of the recovery process was 
the storage and decanting of the oil/water mixture that 
was recovered from the DBL-152 sinking in the Gulf of 
Mexico (at left).  
 
 
 
 
 
 

 
In the more recent studies conducted by Hansen et. al. (2011), storage facilities comprise a major 
component of the recovery systems being researched for submerged oils (see Recovery section). 

Decanting Operations at the DBL-152 
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Discussion & Summary 

The purpose of this study was to conduct a literature review of the state-of-the-technology for 
dealing with heavy, viscous oils that may submerge.  The publications that have emerged as a 
result of actual spills, workshops, and working groups with a focus on submerged oils, including a 
Great Lakes-St. Lawrence Region program established as recently as August 2011, bear witness 
to the importance and apparent need for improving countermeasures for such oils. 

• While advances have been made in both recovering and in transferring viscous oils, as well as 
in the design of integrated response systems, actually locating, controlling, and removing 
submerged oil remain daunting tasks.  Each spill case is likely to be quite different.A release 
of bitumen-diluent blend might float for an undetermined period depending on the mixing 
effects of wave action (emulsification), sedimentation, and currents prior to sinking and/or 
coming ashore. If the spilled oil remains on the water surface for a period of days, then 
response technologies exist which could be deployed to contain, skim, transfer, and store 
highly viscous oil providing environmental conditions at the spill site are amenable to the safe 
and effective operation of the equipment.  The design of skimmers and pumps is predicated 
on the oil being available at or quite near the water surface and being recovered by the oil 
pickup mechanism of the skimmers (through adhesion) yet flowing at ambient temperature 
and/or when annular water flow is used in the pump.   

• If the spilled oil eventually assumes neutral buoyancy and becomes suspended between the 
water surface and the bottom, then it is unlikely that any response technologies can be 
successfully applied to significantly control the spill.  Shoreline cleanup operations would have 
to be initiated, assuming oil strands and effective techniques can be identified and 
systematically applied to the affected shores. 

• If the spilled oil sinks to the bottom, then the literature points to the following possible 
response techniques and their inherent limitations: 

Methods of detecting sunken oil have advanced from sorbent arrays to the USCG’s multibeam 
sonar and fluorescence spectrometry systems.  Sorbents have distinct shortcomings in both 
locating and retrieving submerged oil while the latter well-researched instrumentation remains 
limited in being able to define widely distributed oil.  Underwater video recorders could assist in 
detecting oil if water clarity permitted.  Sunken oil can continue to move and spread well after the 
initial release further exacerbating its detection and monitoring. 

Strategies to contain sunken oil have not progressed beyond the conceptual stage.  It can be 
expected that some sunken oil will collect in bottom depressions yet still might move. 

Once sunken oil is located, dredging operations using hydraulic submersibles with “open” impeller 
chambers operated by divers will likely be the primary method applied in recovering the oil.  Very 
minor amounts of oil versus the volume released have been collected with submersible pumps 
during actual spills.  There are inherent dangers to divers when working at significant depths for 
prolonged periods.  Submersibles and remotely-operated vehicles (ROVs) can be useful to both 
detect and collect sunken oil but are not known to be widely or quickly available.  The three 
USCG integrated systems, including submersible and ROV platforms as well as submersible 
dredger are in the developmental stage.  Their successful use will still depend on being able to 
locate sunken oil and the availability of oil accumulations in amounts that warrant their removal. 

Transfer pumps should not be a limiting factor when dealing with viscous, submerged oils.  
Annular water injection, which forms a lubricating “sleeve” and greatly decreases resistance to 
flow, has dramatically improved the performance of commercially available Archimedes screw 
pumps.  Available dredger pumps are also capable of moving oil once they contact it. 
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More complex receiving and processing facilities are required to process the entrained and 
collected water and sediment expected when sunken oil is pumped to the surface. 

It is recommended that the ongoing programs to develop countermeasures technologies for 
viscous, submerging oils continue to be monitored.  Planning the response to spills of these oils 
will require site-specific review of the possibly affected area(s) in terms of the fate and behaviour 
of the oil and the more complex requirements to mount a response using available equipment. 

The following summaries have been prepared which provide a more detailed account of the 
technologies reviewed with application to sunken oil including their limitations: 

Detection & Monitoring 

Techniques that range from simple sorbents and visual observations to sophisticated 
instrumentation have been used during the response to actual spills of submerged oil.   

Snares on a rope and in crab pots (e.g., “snare sentinels”) as well as bridled, weighted Vessel-
Submerged Oil Recovery Systems (V-SORS) were used successfully during the MV Athos 1 spill; 
however, problems with the sorbent arrays included: losses due to strong currents, rough seas 
and vandalism, inhibiting costs and variable inspection periods due to rough weather. Difficulties 
were also experienced in locating oil with the sorbents and then quantifying amounts. 

Remotely-operated underwater video used at the DBL-152 spill helped quantify pooled oil based 
on a narrow swath of 1m but had frequent down days due to poor visibility.  Nor could it always 
determine the exact positioning of the spilled oil.  Video may only be effective in areas where 
visibility exceeds 0.5 m.  Sea conditions, current, oil properties, and sedimentation affect visibility.   
 
Limitations also apply to visual observations made from overflights and vessels.  Experienced 
personnel are required to determine accurate observations due to the possible occurrence of 
false sightings.   
 
Side-scan sonar data were not useful in identifying pooled oil during the M/T Athos incident but 
were applied to delineate a trench where oil had pooled. Roxann, a seabed classification sonar 
system. also had limitations.  Further studies of sonar have been recommended. Side-scan sonar 
tested during the DBL-152 incident provided good spatial coverage and indicated large oil pools 
and other bottom features. However, performance diminished as the oil spread and rough seas 
developed.  Slow turnaround time and the need for validation of the oil were other drawbacks. 
 
RESON Sonar System was identified by the USCG as a promising multibeam sonar system that 
has successfully detected sunken oil. It can be attached to multiple platforms, but the image 
resolution generated is still not adequate for widely dispersed oil spills. 
 
EIC Fluorosensor is another USCG system based on fluorescence spectrometry that can identify 
spilled heavy oil aromatics. Its small size might allow attachment to ROVs or other platforms. 
 
Defining and classifying seafloor habitat (if possible on a pre-spill basis) might help to clarify 
cleanup options and endpoints.   
 
The availability of data required to validate/calibrate models can often be a limiting factor and 
include: current profiles, wave energy, suspended sediment concentrations, detailed bathymetry, 
seafloor sediment characteristics, and sediment transport patterns and rates. 
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Airborne hyperspectral fluorescent LiDar successfully tracked submerged oil during the 
Deepwater Horizon BP oil spill in the Gulf of Mexico in 2010.   Limitations of this technology were 
not reported. 
 

Containment 

The only successful containment of submerged oil located on the bottom of a water body has 
occurred naturally in low-flow zones and depressions. Containment (and recovery) of submerged 
oil is difficult when oil remobilizes and spreads. This can also cause problems in detecting the 
spilled oil. 
 
Seabed booms for sunken oils have not been proven in real events. Other devices such as filter 
fences, trenches and berms can be used but have to be easily available and quickly deployed. 
However, they are highly dependent on bottom current conditions, bottom characteristics and oil 
type.   
 
Fine meshed nets and trawls have been tested to contain and capture submerged oil but little was 
found in the literature to confirm the validity of this approach. 
 
Conventional, deep-skirted booms could be tested if spilled oil is simply being overwashed and 
near the water surface.  There is limited information on this strategy. 
 
Pneumatic barriers (air bubble curtains) can be effective in protecting water intakes at currents of 
less than 0.75 knots.  An air bubbler could possibly aerate spilled oil while it is still floating and, to 
some extent, alter its density and reduce the oil’s tendency to sink. 

 

Recovery 

Dredging equipment is often more readily available than specialist oil recovery equipment and is 
useful where oil needs to be recovered quickly in order to protect sensitive areas or prevent 
spreading. 

Clamshell dredgers, barge-mounted excavator dredgers, and suction dredgers have been applied 
successfully in actual spill responses. Dredgers are generally limited to 50m water depth, but 
pneumatic dredgers can operate in greater water depths.  
 
Dredging is the fastest method of recovering sunken oil but generates large volumes of waste 
water and sediment. Oil removal versus seabed disturbance needs to be considered. 
A hydraulically-driven submersible dredge pump attached to a diver-directed suction hose 
successfully recovered submerged oil during the M/T Athos spill.  A steam-injection duckbill 
attachment on the suction hose intake reduced friction losses, while a steel debris box decreased 
the likelihood of objects jamming the pump.  Archimedes screw pumps reduced droplet formation. 
 
During the DBL-152 barge incident, hydraulic submersibles with “open” impeller chambers (e.g., 
MPC’s model KMA axial/centrifugal pump) worked well when divers directed the operations. 
 
When pumps are applied to submerged oil, the volume of oil actually recovered can be low 
relative to the amount of oil released.  Support logistics can be complex, repositioning of the work 
platform difficult, and recovery rate slow as mobile oil spreads.  
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Remotely-operated vehicle (ROV) technology and mini submarines appear to offer potential to 
recover oil from greater depths than is possible with divers. 

Stranded oil has the potential to sink so that more advanced, available techniques should be 
applied to recover oil from beaches to prevent this. 

Design improvements to dredgers include nozzle and other modifications to reduce water and 
sediment intake during underwater pumping. 
 

The USCG program to develop three integrated recovery systems that also incorporate detection 
and waste stream processing appears to be the most promising of the initiatives to improve 
submerged oil technologies. The following three technologies are the culmination of applying the 
collective knowledge and experience garnered from actual spill events, research programs, and 
workshops: 

1. The Sea Horse system incorporates high-resolution sonar, 3-D positioning, ROVs, 
commercially available generators, pumps with nozzles and hoses, plus a 5-step 
decanting process. 

2. The Marine Pollution Control (MPC) manned submersible and multi-staged separation 
process features enhanced oil detection sensors (i.e. multi-beam sonar and polarized 
fluorescence), a direct view and controls.  Enhanced pump and debris control are planned 
for development. 

3. The Tornado Motion Technologies Sub-Dredge is a remote-controlled vehicle that uses 
underwater cameras and a high volume EDDY Pump that targets specific materials in 
order to reduce turbidity and residuals.  The depth of contaminant removal can be 
adjusted in millimetre increments.  A rotating shroud sheds rocks and debris. 

Various skimmers have been commercially developed world-wide that can be applied to highly 
viscous oils but not to oils that submerge beyond approximately 0 – 30 cm below the water 
surface.  The oil must also be at a temperature below its pour point for the skimmers to function 
properly.  

 

Transfer  

Pump technologies that are primarily based on the Archimedes’ screw principle have been 
developed that now include annular water injection, which forces water into the flow of a pumping 
system to form a lubricating “sleeve”. This type of modified pump is a key component of the 
commercial skimming equipment developed in Denmark, Sweden, Norway and Finland. 
 
The pumps applied to submerged oil are used directly in the recovery process rather than more 
traditional transfer operations during surface skimming.  
 
Transfer technology should not be a limiting factor when dealing with viscous, submerged oils. 
 

Storage 

Multiple-stage decanting and storage equipment used to process the liquid and sediment stream 
recovered by dredgers is a key component of the USCG program to develop and test three 
integrated submerged oil spill control systems.   This holds the most promise of resolving the 
waste stream issues identified at actual spill events and submerged oil workshops. 

Tornado Dredger 
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