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Nonfloating Oil Spill Response 
Tool 
 

 

 

9412.1 Introduction 
The increased handling of oils that sink or may weather and sink requires a shift in 

the way oil spill response is conducted in the northwest. Traditionally response 

has focused on containing and recovering surface floating oil through the use of 

booms and skimmers.  Oils that sink or become suspended in the water column 

cannot be successfully combated with these techniques.  

 

Recovery of submerged oil once released to the environment is even more 

difficult than floating oil. Priority should be given to preventing, minimizing and 

containing these types of oil spills at their source.  Additionally, since many oils 

may initially float, rapid and aggressive surface oil recovery efforts should be 

pursued when safe in the early phase of a spill. 

 

Definitions for the purpose of this response tool: 

 “Submerged oil” describes any oil that is not floating at or near the 

surface.  This includes 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.  

 “Sunken oil” describes spilled oils that have negative buoyancy and which 

sink to the seabed.  Sunken oils can refer to the accumulation of bulk oil 

on the seafloor. The negative buoyancy may be due to the high density of 

the oil, density increase caused by oil ‘weathering’ or the adherence of 

sediment or sand to the spilled oil. The sediment or sand may, in some 

circumstances, come into contact with the spilled oil while it is at sea, or 

during stranding of spilled oil on a coastline with subsequent 

remobilization. In low current conditions, sunken oil in shallow waters 

may pool in depressions on the seabed, or be moved along the seabed by 

prevailing currents. At higher current speeds the spilled oil may be 

dispersed as relatively large, but still non-buoyant, droplets.  

 “Nonfloating oil” can be used to describe oils that have become either 

submerged or sunken. 
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9412.2 Fate of Spilled Oil and Oil-Based Compounds 
When oils are initially released into the marine or aquatic environment, a number 

of processes can affect their behavior and fate.  The tracking, containment, and 

recovery of spills of nonfloating oils pose challenging problems, because 

nonfloating oils suspended in the water column can become mixed with large 

volumes of seawater and may interact with sediments in the water column or on 

the seabed.  The ability to track, contain, and recover nonfloating oils is dependent 

on; 

 The physical and chemical properties of the oils  

 The properties of the receiving waters  

 Other materials dispersed in the water column or on the seabed. 

 

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 1.000g/ml and the density 

at 15ºC of 33 psu (practical salinity units) seawater is 1.025 g/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 9412-1).  

 

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. 

 

 
Source: Coast Guard Response Research Center, 2007. 

Figure 9412-1 Density of floating/sinking behavior 

 

Submerged oils tend to weather at slower rates than floating or stranded oil.  

Higher density oil deposits (tarballs) on the seafloor may be affected by bottom 

current action and the incorporation of sediment grains. 
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Submerged and sunken oil may move uncontrolled in the water column due to 

temperature changes, currents, gain or loss of sediments, and wave action. 

 

 
Source: US Coast Guard National Research Council Report 1999 

Figure 9412-2 Summary of Behaviors of sunken or submerged oil 

 

9412.3 Initial Assessment 
Once a spill involving heavy oils, or oils that may weather and sink occurs, 

responders must assess the situation and gather as much of the following 

information as possible to determine the best response methods: 

1) Oil Spill Characteristics 

a) Type of receiving water body (salt, fresh, brackish) 

b) Type(s) of oil spilled, including specific gravity and viscosity.  Examples 

of oils that may weather and sink include: 

i) Slurry oils 

ii) Heavy Fuel & Crude oils 

iii) Bunker IFOs 

iv) Residual Fuel Oils 

v) Heavy Crude oils 

vi) Synthetic fuels 

vii) Diluted bitumen 

viii) Carbon Black 

c) Volume of oil spilled 

d) Location of spill, including distance from port 
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e) Area of potential spill impacts 

f) Time of spill to determine how long the oil may have been in the 

environment 

 

2) +Water Environment 

a) Depth 

b) Temperature 

c) Visibility 

d) Current – surface and at depth 

e) Bottom type 

f) Bathymetry 

g) Topography 

h) Benthic – type and sensitivity 

i) Debris 

j) Sediment load/turbidity of water 

k) Waves 

 

3) Other Environmental Considerations 

a) Weather Conditions 

 

4) Response Methods Available 

a) Detection – related to visibility/bottom type/debris 

b) Delivery method – related to topography/depth/visibility/environment 

c) Recovery method – related to a specific location and environmental 

conditions characteristics of the oil, availability of equipment, and 

logistical support for the cleanup 

d) Decanting/polishing/storage – related to distance from port/debris/bottom 

type/weather effects 

 

5) Logistics 

a) Equipment requirements 

i) Shoreside staging 

ii) Onwater staging 

b) Equipment availability 

i) Government equipment available 

ii) Primary Response Contractor equipment available 

iii) Salvage equipment available 

iv) Availability of other private assets that are not dedicated to oil spill 

response 

v) Backup equipment/spares availability 

c) Time to mobilize equipment on site 

d) Transit time – personnel and equipment 

e) Availability of skilled operators/workers 

 

Attachment A – Oil Spill Response Characteristics Form can be used to document 

these considerations during a spill. 
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9412.4 Detecting, Tracking, and Mapping Sunken Oil 
Despite the technological improvements that have been made in identifying oils 

spills through surface slick detection, detection of heavy oils with limited or no 

surface slick expression remain challenging.  

 

Figure 9412-3 shows a traditional decision tree for methods to detect submerged 

and sunken oil.  The summary of detection methods is based principally on NRC, 

IMO, and various USCG documents. 

 

 
Figure 9412-3 Decision Tree for Methods to Detect Submerged or Sunken 

Oil 

 

Options for detecting and mapping oil deposited on the seabed are described 

below. They include: 

 Traditional/manual 

o Visual/Video Observations 

o Divers 

o Bottom Sampling 

o Bottom Imaging (Sediment Profile Imaging) 

 Sensors 

o Sonar 

 Side-scan 

 Multi-beam 
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o Fluorescent Spectroscopy 

o Laser Line Scan System 

 

9412.4.1 Traditional/Manual 

9412.4.1.1 Visual/Video Observations 
Visual observations (by aircraft, ship, diver, or camera/television) have been the 

principal methods of locating and tracking submerged oil.  In shallow and clear 

water, submerged oil can be detected visually unless it becomes covered with 

sediment.  Airborne photography and visual-based systems, which are widely 

available and can rapidly survey large areas, are widely used to try to locate 

submerged oil.  The performance of these systems is limited by water clarity and 

depth, the quantity of oil, and the characteristics of bottom sediment. 

 

Direct visual/video observations can be performed by divers within safe depth 

restrictions; low-current and small wave areas, and moderately clear water.  At 

sites where visibility on the bottom is at least 1.5 ft, an underwater camera has 

been shown to be a very useful technology.   

 

9412.4.1.2 Bottom Sampling 
Sampling is typically limited in scope and may not provide representative 

observations of the impact area. Direct sampling of the seabed may be used to 

locate and map the movement of oil.  Sampling can be done by a vessel, a remote 

vehicle, or a diver (in shallow water).  Sampling generally becomes more difficult 

and time consuming as the water depth, current speed, and wave height increase.  

A variety of sampling techniques are available, including: 

 Grab sampling of sediments with subsequent visual or chemical analysis, 

 Sorbent materials deployed on weighted lines or in traps, and 

 Core sampling of the seabed sediments. 

 

9412.4.1.3 Sorbent Drops and Snares 
A popular “low tech” method for detecting and mapping oil on the seabed is to 

attach sorbent materials to a weight and bounce or drag them for short distances 

along the bottom. 

 

9412.4.1.4 Summary 
Table 9412-1 summarizes issues associated with traditional options for mapping 

oil deposited on the seabed. 
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Table 9412-1 Traditional Options for Mapping Oil Deposited on the Seabed 

 
Visual/Video 

Observations 
Divers Bottom Sampling 

Bottom Imaging Sorbent Drops, 

Trawls, Nets and 

Snares 

Description 

Trained observers in 

aircraft or on vessels look 

for visual evidence of oil on 

the bottom.  Also includes 

underwater cameras on 

ROVs.   

Divers (trained in diving in 

contaminated water) survey the 

sea floor either visually or with 

video cameras. 

A sampling device (corer, 

grab sampler, sorbents 

attached to weights) is 

deployed to collect 

samples from the bottom 

for visual inspection. 

Individuals trained in the use of 

sediment profile imaging 

technology use the SPI camera to 

rapidly take high definition 

photos of the bottom of the 

waterway for visual inspection 

Weighted sorbents, fish 

nets or trawling gear are 

towed on the bottom for 

set distance then inspected 

for presence of oil. 

Equipment 

Availability 

(Section X 

for 

equipment 

details) 
 

Some forms use readily 

available equipment. Other 

options may be available 

from private aerial mapping 

companies, with 

specifications. 

Underwater video cameras are 

readily available.  Divers and 

diving gear for contaminated 

water operations are also 

available locally. 

Uses readily available 

equipment and supplies 

Uses equipment available through 

local contractors.   

Readily available through 

commercial fishing 

vessels. 

Logistical 

Needs 

Aircraft and vessels are 

readily available during 

spill response, but trained 

observers and equipment to 

document such as camera 

and video equipment need 

to be supplied. The 

observers should be trained 

on the equipment.  

Depend on the depth of the 

water and the level of diver 

protection required. 

Requires boat, sampling 

equipment, GPS for station 

location. 

Depending on the camera being 

used a VOO vessel for the light 

camera (shallower depths).  

Larger vessel for the deepwater 

camer (up to 3,000 meters depth). 

Heavy camera 2000 lb lifting 

capacity for the wench. Lighter 

camera ~1000lbs maybe less. 6-

10 meter squared of desk space 

for getting camera off and on.  

Important to have a non-rotating 

cable for the camera deployment. 

 

Requires boat and 

operators to tow the nets; 

may require multiple 

vessels to cover large 

areas; may require many 

replacement nets as they 

become oiled. 

Coverage 

Rate 

High for aircraft; low for 

vessels and ROVs. 

Low coverage, because of slow 

swimming rates, limited diving 

time, poor water quality. 

Very low coverage; 

collecting discrete bottom 

samples is very slow; 

devices sample only a very 

small area. 

Depends on the water depth.  

Several areas can be imaged in a 

short amount of time.   

Low coverage; nets have a 

small sweep area and they 

have to be pulled up 

frequently for inspection. 

Data 

Turnaround 

Quick turnaround for some 

methods. May be slow for 

photography. 

Quick turnaround. Relatively quick 

turnaround because visual 

analysis is used. Slow 

Immediately able to view high 

quality image for presence 

absence of oil.  

Results can be used 

immediately to revise 

search areas. 
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turnaround of samples are 

tested for presence absence 

of oil and fingerprinted.  

Probability of 

False 

Positives 

High, due to poor water 

clarity, cloud shadows, 

seagrass beds, irregular 

bathymetry. 

Low probability because divers 

can verify potential oil 

deposits. 

Low probability, except in 

areas with high background 

oil contamination. 

Low probability, except in areas 

with high background oil 

contamination.  

Low probability; oil 

staining should be readily 

differentiated from other 

fouling materials. 

Operational 

Limitations 

Requires good water clarity 

and light conditions; 

weather may restrict flights; 

can be used only during 

daylight hours. 

Water depths of 20 m (for 

divers); minimum visibility of 

0.5–1m; requires low water 

currents. 

Sea conditions may restrict 

vessel operations. 

Sea conditions may restrict vessel 

operations. 

Obstructions on the 

bottom can hang up nets; 

restricted to relatively 

shallow depths; sea 

conditions may restrict 

vessel operations. 

Pros 

Aircraft can cover large 

areas quickly using standard 

resources available at spills. 

Accurate determination of oil 

on bottom; verbal and visual 

description of extent and 

thickness of oil and spatial 

variations. 

Can be effective in small 

areas for rapid 

identification of a known 

patch of oil on the bottom; 

low tech option; has been 

proven effective for certain 

spills. 

Can be used at depths up to 3,000 

meters.  Provides an accurate 

image of oil on the bottom.  

Photographs are easy for 

responders to understand and 

photos are geo-referenced which 

supports mapping the presence or 

absences of oil.  Can survey grids 

for more representative areal 

coverage.   

Can provide data on 

relative concentrations on 

the bottom per unit trawl 

area/time; can survey in 

grids for more 

representative areal 

coverage. 

Cons 

Only effective in areas with 

high water clarity; sediment 

cover will prevent detection 

over time; ground truthing 

required. 

 

Aircraft limited by water 

clarity and depth of water.  

ROVs limited by clarity and 

area of coverage. 

Slow; difficult to locate 

deposits without GPS; 

decontamination of diving gear 

can be costly/time consuming.  

The Safety Officer should 

supplement their site-specific 

safety plan and on-site safety 

audits with a safety checklist 

for contaminated water diving 

if divers are used to locate 

submerged or sinking oils 

Samples a very small area, 

which may not be 

representative; too slow to 

be effective over large 

area; does not indicate 

quantity of oil on bottom. 

Time consuming to decon 

sampling equipment 

between grab samples 

when oil is found. May 

require a permit.  

None.  Very slow; nets can fail 

from excess accumulation 

of debris.  Dragging of 

sorbent drops or snares 

impacts the sea bottom.  

Depending on the 

sensitivity of the 

environment this activity 

may not be advised and 

this activity may require a 

permit (HPA).  
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9412.4.2 Recommendations for Detection 
1) Try the simplest method that addresses the amount of oil being detected first. 

2) Use sophisticated methods for deeper and larger amounts of oil.  Use models if available 

to determine search area and potential amount of oil that may be recovered. 

3) Sonar can search a wide area but processing must be timely and resolution sufficient. 

4) Have vendors determine resolution (i.e., the size of the patch of oil that can be detected), 

amount of time to search any area, and the amount of time to process the data. 

5) Operators of laser systems also need to define the area covered, estimated patch size, and 

the time to process the data. 

6) Minimize the amount of time between the detection and collection phases of the 

response. 

 

9412.5 Containment of Sunken and Submerged Oils 
For submerged and sunken oil spills containment can prevent the further spreading and break up 

of the slick, concentrate the slick making it easier and more efficient to recover and fix the 

location of (part of) the slick so its location is no longer in doubt. 

 

 
Source: Castle et al., 1995 

Figure 9412-4 Assessment Guide of the Options for Containment of Sunken Oil 

 

In addition to the water depth limitations noted in the figure above these containment methods 

are also limited by current conditions.  Specifically, silt curtains lose effectiveness in current 

greater than one knot and need to be maintained in high turbidity conditions.  Containing sunken 

and submerged oil on previous spills has been minimally effective. 

 

9412.6 Sunken Oil Recovers 
The selection of the recovery method is highly dependent on: 

 Specific location and environmental conditions during the spill. 

 Characteristics of the oil and its state of weathering and interaction with sediments. 

 Availability of equipment, and logistical support for the cleanup operation. 
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 Potential environmental impacts of implementing these methods, particularly in sensitive 

benthic habitats. 

 

Figure 9412-5 shows a decision tree for sunken oil recovery (based on the one originally 

proposed by Castle et al. (1995).  Options are based on whether the oil is pumpable or not and the 

depth of the water column. 

 

 
Note: fws is feet of sea water. It is a unit of pressure, not distance. 

Figure 9412-5 Decision Tree for Recovery Options of Sunken oil 

 

The success of recovery methods varies but is usually limited when the oil is widely distributed 

and/or the oil is mixed with sediments and water.  In general, available methods are most 

successful when: 

 Current speeds and wave conditions at the spill site are low. 

 Oil is pumpable. 

 The water is relatively shallow. 

 The sunken oil is concentrated in natural collection areas. 

 

9412.6.1 Pumpable Oil 
During sunken oil recovery operations if the oil is pumpable, then a pump and vacuum system 

can be used for recovery.  They typically consist of submersible pump/vacuum system, and oil-

water separator, and a storage container.  The systems can be mounted on trucks, on land, or on 

barges or ships.  The suction head of the system can be controlled by a myriad of delivery modes 

including divers, remotely operated vehicles, and manned submersibles, and may have an air or 

water injection system to assist in fluidizing and transporting the slurry.  Some systems have 

added heating systems attached to the suction nozzle to lower oil viscosity and improve 

collection ability and efficiency.  The pumped material is usually a mixture of water, oil, and 

oiled sediment. 
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Considerations for pumping include: 

 Viscosity of the oil, viscous oils require special pumps and suction heads. 

 Delivery system (depends on water depth, bottom type/conditions, and available 

logistics). 

 Pump (dependent on water depth, oil viscosity, and amount of oil). 

 Vacuum, nozzle, hose. 

 Capacity for handling large volumes of materials during oil-water-solids separation, 

storage, and disposal. 

 Ability to adapt in-situ by varying pump speeds/flow rates and adjusting or changing 

suction nozzles. 

 

In many cases special high viscosity pumping systems will be necessary.  The greater the 

viscosity, the slower and more laborious operations will be.  Equipment may become coated and 

clogged requiring continual maintenance.  Pumping into and out of on-board temporary storage 

will be much more difficult than with lighter oils. 

 

9412.6.1.1 Divers 
Divers are 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).  Using diver 

assisted pumping the amount of sediment and water collected with the oil may be lower than 

with some other options, reducing the post-recovery treatment. 

 

The duration of divers 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 identification of oil is difficult.  

Regular decontamination of divers and their equipment can be time-consuming and reduce the 

efficiency of operations. 

 

Surface-supplied air diving operations are limited by U.S. regulations to a depth of 190-feet 

seawater (fsw), with the exception of brief excursions to 220 fsw limited to 30 minutes.  Mixed-

gas breathing mixtures and diving bells must be used for dives deeper than 220 fsw (Elliot 2005). 

 

9412.6.1.2 Remotely Operated Vehicles 
Remotely operated vehicles (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 

approximately 2 miles depth.  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. 

It is critical that  any ROV technology be appropriately  sized to the conditions and task needed.
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Table 9412-2 Sunken Oil Recovery Options – Oil Pumpable 

 Diver-directed Pump and 

Vacuum Systems 

Remotely Operated Vehicle (in 

water column) 

Sub-dredge (bottom 

tracking ROV) 
Manned Submersible 

Description 
Divers direct a suction hose connected to 

a pump/vacuum system. 

ROVs are used to deliver a pumping 

system to the oil and direct its position 

during recovery. 

Tracked seabed unit on which is 

mounted a pump and movable, 

controllable suction head. 

Recovery device is mounted on a 

mini submarine. 

Equipment 

Availability 

Readily available equipment but needs 

modification to spill conditions, 

particularly pumping systems.  

System must be designed for the 

application. 

Specialized unit available from 

manufacturer.  Transport time to 

PNW unknown.  

Specialized unit available from 

manufacturer.  Transport time to 

PNW unknown.  

Logistical 

Needs 

High, especially if recovery operations 

are not very close to shore. On-water 

systems will be very complicated and 

subject to weather, vessel traffic, and 

other safety issues.  Requires 

experienced divers and support teams. 

Stable response workboat or VOO 

platform with sufficient deck space and 

equipment to store the submersible, 

operations module, and support 

equipment.  

Stable response workboat or 

VOO platform with deck space 

and equipment to store the 

dredge and support equipment.  

Stable response workboat or VOO 

platform with deck space and 

equipment to store the dredge and 

support equipment. 

Operational 

Limitations 

Water depths up to 60-80 ft for routine 

dive operations; water visibility of 1-2 ft 

so divers can see the oil. 

Water depth limited due to vehicle 

rating and length of the tether, water 

visibility 3-5 ft. 

Depth: 0.30-60 m (1-200 

ft).Limited by some bottom 

types.  

Wind 30 knts 

Wave 0-5 ft 

Current 0-2 knts 

Lighting <5 miles 

Minimum depth of about 30 ft 

Optimal 

Conditions 

Sites adjacent to shore, requiring 

minimal on-water systems; liquid or 

semi-solid oil; thick oil deposits, good 

visibility; low currents. 

Sufficient water depth to limit surface 

wave interference with depth control.  

Good visibility.   

Low benthic sensitivity to limit 

affects of driving the ROV over 

the bottom.  

Sufficient water depth to limit surface 

wave interference with depth control. 

Low current <2knts. Fair visibility.   

Pros 

Most experience is with this type of 

recovery; diver can be selective in 

recovering only oil and effective with 

scattered deposits.  Even in low water 

visibility, divers can identify oil by feel 

or get feedback from top-side monitors 

of changes in oil recovery rates in 

effluents 

Increased visual access to the bottom 

topography and the contaminated 

bottom via remotely operated video; 

reduced cross contamination and 

contaminant dispersal; increased “on 

oil” recovery time – tethered vehicle 

does not have to be recovered to 

change out operators 

Increased visual access to the 

bottom topography and the 

contaminated bottom via 

remotely operated video; 

increased “on oil” recovery time  

fast 

Reduced physical interaction with the 

contaminated bottom; increased 

visual access to bottom topography 

and areas of contamination; reduced 

cross contamination and contaminant 

dispersal; improved collection 

efficiency. 

Cons 

Very large manpower; problems with 

contaminated water diving and 

equipment decon; slow recovery rates; 

weather dependent operations 

Moderately high cost; trained/skilled 

operators required; eyes on site not as 

effective as manned submersible – less 

ability to adapt on site 

 

Moderately high cost; trained/ 

skilled operators required; 

bottom tracking submersible will 

have a greater impact on benthic 

and has a higher likelihood of 

contamination from oil. 

Cost; reduced on oil recovery time 

due to returning to VOO to change 

out operators; trained/skilled 

operators required; amount of deck 

space required 
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9412.6.2 Non-pumpable Oil 
The manual recovery of oil, one of the most widely used recovery methods, involves divers or 

boat-based personnel using dip nets or seines to collect oil, which is temporarily stored in bags or 

containers. The purpose of manual recovery is to remove the oil and minimize the collection, 

handling, treatment, storage, and disposal of other material (oiled sediment, sediment, and 

water).  This approach can be useful for widely dispersed oil, and its effectiveness can be 

assessed by cleanup standards or criteria.  The biggest disadvantages of manual removal are the 

large manpower and logistical requirements, slow rates of recovery, strong dependency on 

weather conditions, and the potential for the oil to be transported while it is being recovered. 

 

9412.6.2.1 Nets and Trawls 
Nets and trawls can also be used as collection devices.  This approach is most successful when 

the relative velocity of the water and the oil collected in the net or trawl is low and the viscosity 

of the oil is high.  The effectiveness decreases as the permeability of the net is reduced and flows 

are diverted around the net. 

 

9412.6.2.2 Dredging 
When large quantities of viscous, heavy oils are encountered, the most effective way of 

recovering it can be dredging.  Large volumes of water, oil, and sediment are typically generated 

in the dredging process and must be handled, stored, and disposed of as the recovery operation 

proceeds.  Accurate vertical control of the dredge depths is critical to minimizing the amount of 

dredged material and the amount of clean sediment recovered with oiled sediments as the result 

of the dredging operation.  Operational costs and logistics requirements are lower for land-based 

than for barge-based methods of handling and storing dredged materials. 

 

Environmental clamshell dredgers have been used successfully on solidified oil.  Modifications 

using a large duckbill dredge have been designed to reduce the amount of water and sediment.  

Pneumatic dredgers use hydraulic pressure and compressed air submersible pumps to recover 

sediment.  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. 
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Table 9412-3 Sunken Oil Recovery Options – Oil Not Pumpable 

 
Manual Removal by 

Divers 
Nets/Trawls Dredging 

Description 

Divers pick up solid and 

semi-solid oil by hand or 

with nets on the bottom, 

placing it in bags or other 

containers 

Fish nets and trawls are 

dragged on the bottom to 

collect solidified oil 

Special purpose dredges, usually 

small and mobile, with ability for 

accurate vertical control. Uses 

land or barge-based systems for 

storage and separation of the 

large volumes of oil-water-

solids. 

Equipment 

Availability 

Contaminated-water dive 

gear may not be locally 

available 

Nets and vessels readily 

available in areas with 

commercial fishing industry 

Varies; readily available in 

active port areas; takes 

days/week to mobilize complete 

systems 

Logistical 

Needs 

Moderate; diving in 

contaminated water requires 

special gear and decon 

procedures; handling of oily 

wastes on water can be 

difficult 

Low; uses standard equipment, 

though nets will have to be 

replaced often because of 

fouling 

High, especially if recovery 

operations are not very close to 

shore, because of large volumes 

of materials handled. On-water 

systems will be very complicated 

and subject to weather, vessel 

traffic, and other safety issues. 

Operational 

Limitations 

Water depths up to 60-80 ft 

for routine dive operations; 

water visibility of 1-2 ft so 

divers can see the oil; bad 

weather can shut down 

operations 

Water depths normally 

reached by bottom trawlers; 

obstructions on the bottom 

which will hang up nets; rough 

sea conditions; too shallow for 

boat operations 

Min/max water depths are a 

function of dredge type, usually 

2-100 ft; not in rocky substrates; 

bad weather can shut down 

operations 

Optimal 

Conditions 

Shallow, protected areas 

where dive operations can 

be conducted safely; small 

amount of oil; scattered oil 

deposits 

Areas where bottom trawlers 

normally work; solidified oil 

Large volume of thick oil on the 

bottom; need for rapid removal 

before conditions change and oil 

is remobilized, buried by clean 

sediment, or will have larger 

environmental effects 

Pros 

Divers can be very 

selective, removing only 

oil, minimizing the volume 

of recovered materials; 

most effective method for 

widely scattered oil deposits 

Uses available resources; low 

tech 

Rapid removal rates; can recover 

non-pumpable oil 

 

Cons 

Large manpower and 

logistics requirements; 

problems with contaminated 

water diving and equipment 

decon; slow recovery rates; 

weather dependent 

operations 

Not effective for liquid or 

semi-solid oil; nets can quickly 

become clogged and fail; can 

become heavy and 

unmanageable if loaded with 

oil; could require many nets 

which are expensive 

Generates large volumes of 

water/solids for handling, 

treatment, disposal; large 

logistics requirements; could re-

suspend oil/turbidity and affect 

other resources 

Source:  Caste et al., 1995 

 

9412.7 Decanting 
Submerged oil pumping operations utilize water as a carrier device to transport oil while 

performing recovery, a necessary function that results in the accumulation of a large amount of 

water in the storage tanks.  Depending upon the nature of the oil, the benthic environment, and 
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the efficiency of the pump and its nozzle, a large load of sediment or sediment-loaded oil may be 

unavoidably collected.  Separation of the oil-water-sediment mixture collected during underwater 

oil recovery can become a limiting factor in the operation and over-all throughput of the recovery 

system.  The decanting system must be designed accordingly to handle these waste streams. 

 

The wide range of oil types and environmental conditions that could be encountered during 

submerged oil recovery operations requires a strategy for devising different types of decanting 

systems to suit different types of submerged oil spills, based on an inventory of components 

(tanks, heaters, pumps, filters) that could be drawn together using standard interfaces (compatible 

fittings, hoses, etc).  The attributes that must be considered for a decanting system intended 

especially for submerged oil recoveries are as follows: 

 The ability to separate out sediment and other solids. 

 The ability to separate oils of varying density and viscosity from either seawater or fresh 

water, including the ability to collect both the oil fraction that remains heavier than water, 

and the fraction that refloats during the process. 

 The ability to configure the system appropriately for different types of recovered spill and 

on different recovery platforms. 

 The ability to avoid or resist clogging due to suspended sediment or high-viscosity oil, or 

a combination of both; general ease of maintenance and low power requirements. 

 Resistance to the chemical effects of different types and grades of recovered oil. 

 The ability to operate satisfactorily under the anticipated motions (wave activity) of the 

recovery platform. Recovery platforms are often platforms of opportunity and the range 

of ship motion environments is fairly broad even though the environment anticipated for 

recovery operations is usually modest compared with rough weather for a seagoing ship.  

 Settling and decanting can be quite sensitive even to modest platform motions, and can 

then become a bottleneck in the over-all system throughput. 

 Security against the possibility of becoming a secondary spill source. 

 Safety of personnel, system reliability, and low costs for acquisition and operation are 

considered highly important design criteria. 

 

In situ oil on the sea floor may be either intrinsically denser than water, or it may be on the 

bottom because it adheres to or becomes mixed with sediment. When disturbed or agitated, 

whether by the natural environment or the recovery process, some fraction of the oil may refloat, 

while some fraction may remain heavy enough to settle out.  In either case, the difference in 

density between water and oil may be small, so that settling proceeds rather slowly. 

 

9412.7.1 Proposed Heavy Oil Decanting System 

9412.7.1.1 Multi-Stage Settling 
For a variety of reasons, multi-stage decanting systems are often used.  As one example, a four-

stage decanting system was used in the Delaware River (Athos) submerged oil recovery. Most of 

the oil refloated. On that site a series of three 4,000 gallon fractionation tanks were used for 

decanting the oil. The first tank was used for collection and the second and third for settling.  A 

skimmer was placed on the top of the second tank to recover oil for transfer to storage. Sorbent 

snares were placed on top of the third tank to recover any remaining residual oil. Finally, water 

was pumped from the third 4,000 gallon tank through a 350 gallon polishing tank filled with 
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sorbent oil snares, and then discharged into a boomed area alongside the work barge, with 

additional sorbent snares floated in it. 

 

When a significant fraction of the oil is intrinsically denser than water, or adheres more strongly 

to the sediments with which it was in contact then settling will result in material on the bottom of 

each tank.  For this reason, floating skimmers and floating sorbent snares on the top will not be 

able to concentrate or capture all of the oil.  A general-purpose system must include a way to 

remove heavier oil and sediments from the tank bottoms, as well as refloated oil from the tops.  

Submersible pumps can be suspended at a variable depth within each tank in a cascade, 

discharging into the next stage.  By appropriately setting the depth of the intake, the pump can be 

used to transfer water to the next stage of the settling cascade, or to transfer oil to a storage tank. 

 

The processing at each stage may be conducted either continuously or in batches, depending on: 

 The size and depth of the tank. 

 The amount of flow disturbance at the inlet. 

 The number of parallel processes available. 

 The relationship between desired processing rate and available settling rate. 

 

As mentioned above, this quantity varies with density difference, the volume ratio (water and oil) 

taken up in the collection process, and the amount of remixing taking place due to platform 

motions. 

 

If the system is set up as a modular system then the critical stage can be duplicated and the 

bottleneck relieved. For example, if a large quantity of oil is refloated at first stage, then the 

number of oleophilic skimmers in the first stage tank(s) can be increased.  By contrast, if less of 

the oil is refloated, then the collecting tank(s) would tend to become more “bottom heavy” and 

would require more frequent clean-out of the bottoms. This could be accommodated by shifting 

one or more tanks into the collecting role, so that the available settling area is increased at that 

point in the process, and the amount of surface skimming reduced. The depth setting on the 

intakes of the pumps transferring effluent from one stage to the next can also be adjusted to 

accommodate different volumes of refloated oil.  Figure 9412-6 shows a recommended decanting 

system design using the following stages. 

 

Stage 1:  Solid separation in tank 1using baffles, filters, and/or gravity settling – time required 

will depend on the nature of the solids.  Liquid portion is pumped to tank 2.  Solids will need to 

be removed from the bottom of the tank.  Tank 1A may need to be replaced with tank 1B (tank 

1B put into service) for this to be accomplished.  This operation may require the introduction of 

heavy machinery to aid in efficient solid waste management (i.e., the use of a crane with clam 

bucket or an excavator appropriately outfitted) as well as placement of appropriate secondary 

solid waste containers at the site. 

 

Stage 2:  Liquid phase separation in tank 2.  Separate oil from water using aeration, heating, 

and/or gravity separation.  In most cases some oil will sink and some will float.   
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Stage 3:  Collection of oil.  Floating oil can be collected from tank 2 using skimmers and/or 

sorbent snares and pumped to or placed in tank 3.  Sunken oil will need to be removed from the 

bottom of the tank.  Tank 2A may need to be replaced with tank 2B for this to be accomplished. 

 

Stage 4:  Collection of water.  Water (middle layer between floating and sunken oil needs to be 

pumped from tank 2 into tank 4. 

 

Stage 5:  Polishing of water.  Water in tank 4 can be polished using filters or oil absorbent 

systems and returned to the environment.  Typical filtration systems applied to oil spill decanting 

operations include sand and carbon filtration units, specialized bag/chamber filtration 

methodologies, and some custom designed filter devices that fit on the end of discharge hoses.  

In each case the selection process for specifying the filter media should be based on compatibility 

with the type of oil that will be encountered.  It is also important to ensure that the filter 

methodology selected allows for the required flow rate of the system as a whole, a decision factor 

that may require multiple banks of filters to ensure that a bottleneck condition does not occur at 

this final step in the process, resulting in shutting down operations to clear space in tanks ahead 

of the filtration process. 

 

Stage 6:  Disposal of oil, oiled debris, and decontaminated sand/sediments. 
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Figure 9412-6 Recommended Decanting System 

 

Logistics and costs are reduced if the material can be stored/staged on land, compared with using 

barges for temporary storage and separation.  Time can be of concern because oil that is still fluid 

can be re-mobilized by storm waves, increased river flow following heavy rains, or ship traffic. 

 

9412.8 Net Environmental Benefit 
9412.8.1 Introduction 
Nonfloating-oil spills pose a substantial threat to water-column and benthic resources, 

particularly where significant amounts of oil have accumulated on the seafloor. Sunken oil 

recovery techniques have the potential to cause more damage than the original oiling. 

Consideration should be given to conducting a Net Environmental Benefit Analysis (NEBA) 

prior to recovery operations. However, unlike surface and shoreline cleanup situations, there is 
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very little in the way of protocols and information sources to support NEBA for submerged and 

sunken oil. This is partially due to the relative infrequency of these spills and the small number 

of cases in which cleanup has been conducted. 

 

Even though the NEBA process for submerged and sunken oil is not as prescriptive and rigorous 

as for surface spills, there are NEBA concepts which could be considered.  

 

9412.8.2 Environmental Sensitivity Considerations for Water Column and 

Bottom 
Just as there are different shoreline types, each with different ecological values and degrees of 

difficulty in cleanup, so too are there different water column types and bottom types that should 

be considered when undertaking cleanup operations for submerged and sunken oil. Factors that 

should be considered include:  

 Ecological Sensitivity – Although each section of bottom will have unique characteristics, 

some generalizations can be made on the ecological sensitivity of bottom types similar to 

the classifications assigned to shoreline types. Bottom types will range from the most 

ecologically sensitive and important such as, seagrass and eelgrass beds, and kelp forests 

to the less important such as rocky substrate, sand, and mud. Probably the least sensitive 

bottom types are sand and mud bottoms in areas that already suffer from pollution such as 

industrial areas. Note that the NOAA ESI maps will generally delineate sensitive bottom 

habitats that are in shallower water adjacent to the shoreline. The Environmental Unit, 

NOAA Scientific Support Coordinator (SSC), and state resource trustees can provide 

information on bottom resources.  

 Persistence of Oil on the Bottom – The persistence of oil on the bottom depends on the 

permeability/porosity of substrate, the oil’s density (buoyancy), and the adhesion 

properties of the oil. Persistence is also a function of bottom turbulence and currents. If 

the oil is in an ecologically sensitive area, the persistence of the oil warrants more timely 

removal action. If the oil is likely to remain in an area of little ecological significance, 

then removal actions can be more intrusive and pursued at a slower pace.  

 Proximity of Sensitive Resources – As with surface spills, it is important to consider the 

current location of the oil and environmental sensitivity, but also the sensitivity of 

locations where the oil might be transported.  

 The Geographic Response Plans (GRPs) are a good resource for information on sensitive 

natural, cultural, and biological resources.  

 Threatened and Endangered Species –Marine mammals and birds may be directly 

disturbed by removal of oil from the bottom, they may be injured or disturbed by 

response vessels and equipment, and contaminated if oil is re-suspended in the water 

column.  

 Historic/Archeological Resources –There may be historic and archeological resources 

below the water which have not been located and charted, which may be uncovered and 

disturbed by cleanup operations. The State Historic Preservation Officer (SHPO) and 

local officials should be consulted before dredging or other intrusive cleanup operations 

are undertaken on the bottom in areas of historic interest, or if wrecks or other artifacts 

are known or encountered during the operation.  

 Safety Hazards – Safety hazards such as electrical cables, underwater pipelines, and 

unexploded ordinance should be indicated on navigation charts. Port Authorities, the U.S. 
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Army Corps of Engineers (USACE), and local utility companies can provide more 

detailed information on infrastructure on the bottom. Some areas of the bottom (e.g., 

Superfund sites) may have toxic contaminants present in the sediments which would best 

be left undisturbed. The U.S. Environmental Protection Agency (EPA) and state and local 

environmental agencies should be consulted regarding the presence of these sites.  

 
Table 9412-4 Resources at Risk Consideration for Floating vs Non-Floating Oil 

Spills 

Resources at 

Risk 

Risks from Spills on Nonfloating Oils Compared to Spills of Floating Oils 

Rocky Shores (-) Less oil is likely to be stranded, but oil that is stranded is usually stickier and thicker 

Beaches (-) Viscous oils are less likely to penetrate porous sediments.  Oil is often stranded as tar balls, 

which are easy to clean up on sand beaches.  Chronic recontamination is possible for months. 

Wetlands and 

Tidal Flats (-) 

Less oil coats vegetation.  Because the oil does not refloat with the rising tide, any oil stranded 

on the lower intertidal zone will remain, thus increasing risk to biota.  Cleanup of oil from these 

environments is very difficult, and natural recovery takes longer. 

Water Surface (-) Less oil remains on the water surface.  Oil tends to form fields of tar balls.  Potential for chronic 

impacts from refloated oil over time is high. 

Water Column 

(+) 

Oil can increase exposure as it mixes in the water column.  Risks increase if oil refloats after 

separation from sediments.  When submerged, slow weathering of the more toxic components 

can be a chronic source of risk. 

Benthic Habitats 

(++) 

Risks are significantly increased for areas where heavy oils accumulate on the bottom.  Slow 

weathering rates further increase the risk of chronic exposures.  Smothering and coating can be 

heavy.  Bioavailability varies with oil and spill conditions. 

Birds (-) Less oil remains on the water surface, so direct and acute impacts are lower.  There is a high 

probability of chronic impacts from exposure to refloated oil and restranded tar balls on shores 

after storms. 

Fish (+) Risks are increased to all fish, especially benthic or territorial fish, in areas where oil has 

accumulated on the bottom. 

Shellfish (++) Risks are increased to all shellfish, especially species that spend most of their time on the 

sediment surface (e.g., mussels, lobsters, crabs).  Risk of chronic exposure from bulk oil, as well 

as the slow release of water-soluble PAHs (polynuclear aromatic hydrocarbons), is high. 

Marine Mammals 

(-) 

Less oil remains on the water surface, and the potential for contamination of marine mammals 

on shore is lower.  Oil in the water column is not likely to have an impact on highly mobile 

species.  Benthic feeders (such as manatees) could be exposed from accumulations on the 

bottom, which would weather slowly. 

Sea Turtles (-) Less oil remains on the water surface, and less oil is stranded on nesting beaches. 

Water Intakes 

(++) 

Oil mixed into the water column would pose serious risks to water treatment facilities.  Closures 

are likely to be longer. 
Note:  (-) indicates a reduction in risk.  (+) indicates an increase in risk.  Actual risks for a specific spill will be a function of the 

composition and properties of the spilled oil and environmental conditions at the spill site. 

 

9412.8.3 Generic Impacts from Various Containment and Cleanup Methods 
Just as with shoreline cleanup techniques, subsurface and bottom cleanup techniques and 

technologies have collateral environmental impacts that warrant consideration. NEBA weighs the 

positive environmental impacts of removing the oil from the environment against the impact of 

the cleanup techniques themselves. The impact of generic clean up techniques used to date is 

described below: 

 Manual Removal by Divers – divers locate and remove smaller concentrations of oil 

using hand tools or sorbents. The technique is effective but slow and labor intensive. It is 

best used with limited quantities of oil in shallower water and where sensitive bottom 
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resources are involved. Damage to the local environment is minimized as long as oil is 

accessible and visibility allows location of the oil patches or globs.  

 Diver or ROV Directed Bottom Vacuuming/Pumping – Oil is removed from the bottom 

using vacuum heads/pumping devices that are directed by divers or ROVs operated from 

the surface. Oil is removed but significant quantities of water, bottom sediment, and 

marine organisms can be removed as well with the amount depending on the precision 

with which the intake nozzle is manipulated. The level of environmental impact increases 

with the amount of sediment and marine organisms disturbed and/or removed. 

 Bottom Nets and Trawls – The damage associated with use of these devices to collect oil 

on or near the bottom can be serious as they will disrupt or destroy bottom habitat and are 

likely to capture organisms that are less mobile and cannot escape. 

 Dredging – Mechanical dredging using dedicated vessels and equipment is the quickest 

and most thorough method of removing oil from the bottom, but also the most intrusive 

and environmentally damaging. It is typically used in removing large quantities of semi-

solid petroleum products from bottom environments of limited ecological value (although 

it might be used selectively in a sensitive environment to quickly remove the oil before it 

is mobilized and spread to a wider area. 

 Capping – Capping involves covering the contaminated area with an impermeable layer 

of material to isolate it from the environment. It has been used as a remediation technique 

for contaminated sediments and dredge spoil in cases where removal is impractical or 

would only spread the contamination. 

 No Action – As with surface and shoreline cleanup operations, the “no action” alternative 

should always be considered, particularly when the impact of the oil appears minimal in 

relation to the habitat disruption and marine organism mortality associated with removal. 

No action leaves the removal of the oil to natural biodegradation on the bottom.  

 

Generally less intrusive techniques (e.g. manual collection by divers and diver-directed 

vacuuming) are better suited to sensitive environments unless urgent removal is the overriding 

consideration.  

 

9412.8.4 NEBA Process for Sunken Oils 
Table 9412-5 shows some of the decision factors and tradeoffs involved in the NEBA process for 

sunken oils.  The variety of situations encountered in sunken oil spills, the limited information on 

bottom configuration and habitat, and the lack of experience and information on the effectiveness 

and impacts of cleanup techniques preclude straightforward and prescriptive protocols for 

making quantitative net environmental benefit determinations. However, there are strategic 

decisions that can be defined and decision factors that can be identified. These strategic decisions 

include the speed with which the oil must be removed, the amount of damage to the environment 

that can be accepted with rapid removal, and the longer-term environmental impact that can be 

tolerated by delaying recovery or leaving the oil in the environment. 
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Table 9412-5 Decision Factors and Tradeoffs in the NEBA Process 

Decision Factors Involved Tradeoffs 
Urgency of Cleanup – 

How quickly must the 

submerged/sunken oil be 

removed from the 

environment? 

 Amount of oil spilled, 

 Possibility of re-suspension and transport, 

 Sensitivity of the surrounding area. 

More rapid but intrusive cleanup 

options such as vacuuming and 

dredging will likely disrupts 

and/or destroy the habitat and 

organisms in the immediate 

vicinity of the oil, but may prevent 

subsequent damage to adjacent 

habitat and resources that may be 

even more sensitive. 

Acceptable Impact for 

Short-Term Removal – 

What is the level of 

environmental impact that 

can be accepted in 

effectively and 

expeditiously removing 

the oil from the bottom? 

 Amount and type of oil involved (small 

amounts of heavy, semi-solid oil are easier to 

remove than large amounts of liquid, 

neutrally buoyant oil), 

 Intrusiveness of the technique (e.g., selective 

removal of larger concentrations by divers vs. 

complete removal by dredging), 

 Sensitivity of the environment (susceptibility 

to collateral damage by removal technique). 

Often the tradeoff involves 

choosing the most expeditious and 

effective technique that the bottom 

habitat can tolerate.  A coral reef 

may require manual removal by 

divers or careful diver-directed 

vacuuming.  A mud bottom in an 

industrial port area may easily 

tolerate dredging. 

Acceptable Impact of 

Delayed Removal or No 

Action – Is it more 

environmentally beneficial 

in the long run to employ 

a less damaging cleanup 

technique or simply leave 

the oil for natural 

biodegredation? 

 Amount of oil, 

 The persistence and toxicity of the oil in the 

environment, 

 The sensitivity of habitats and organisms that 

may be impacted by the oil over time, 

 Long-term transport and fate of the oil is 

important, 

 Whether the habitat is likely to be 

repopulated by organisms from adjacent 

areas. 

The tradeoff here is balancing the 

damage prevented in the short-

term by foregoing intrusive 

cleanup options against the 

longer-term impact of leaving the 

oil in the environment. 

 

Consider the no action alternative:  If sinking oil impacts sensitive subsurface habitats such as, 

ell grass beds, kelp beds or shellfish beds careful evaluation must be done prior to implementing 

response strategies such as dragging sorbent equipment over the sea bottom or extensive 

dredging.   

 

The discussion of possible negative impacts from proposed response techniques should be 

coordinated by the Environmental Unit in consultation with appropriate trustee agencies, state 

and local organizations also need to be consulted for any underwater sensitive or archeological 

sites.  Each spill will be different and the Unified Command will need to determine whether to 

initiate recovery actions and what techniques to use.   

 

An assessment of these the proposed detection and recovery technique effects on wildlife and the 

bottom environment should be considered on a case by case basis. Additionally, use of sonar or 

laser may be limited by the presence of marine mammals or other endangered species.   

 

9412.9 Permits 
Refer to NWACP Permit Summary Table 9401 for a list of state federal and local applicable 

permits that may be applicable to submerged oil responses.  
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9412 A Attachment A: Non-Floating Oils Response Documentation 

of Considerations Form 

 
This form is intended to be used as a tool to document incident specific information regarding 

response options for non-floating oil.  The significance of the information below and how it 

impacts response options can be found in 9412. 

 

Oil Spill Characteristics 

 
Type(s) of oil spilled,_____________________________________________  

 

Volume of oil spilled _________gallons 

 

Time of release __:__ 24 hour    Source is secured___ or still leaking ___ Leak rate __________  

specific gravity ___________ 

 

API_____________________ 

 

Viscosity________________ centistokes =  

 

Density at 15o C ____________g/ml 

 

Location of spill, Latitude __._________ degrees, Longitude -___.________degrees 

 

Distance from port ____________ nautical miles 

 

Water body of potential spill impacts_______________________________________ 

 

Type of receiving water body (salt__ fresh___ brackish___) 

 

Surface temperature_________ Density_________ g/ml_ 

 

Max depth of basin_________ Ft/meters/fathoms 

 

Visibility__________ Ft/meters      

 

Sediment load/turbidity of water   Low ___Med.____ High__ 

 

Surface current max speed __   kts  Flow direction____  

 

Bottom current max speed___kts___ Flow direction_____ 

 

Bottom type Rock___ Boulders,___ Gravel,__ Sand___ Mud__ Clay__  Other specify________ 
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Bottom slope Steep____ Moderate___ Gradual ___ Flat____ 

 Benthic –submerged aquatic vegetation___ shellfish bed__ Other specify_______ 

Sensitivity of bottom community Low ____ Med. ____ High_____ 

Debris that will likely be recovered with sunken oil _Type ____Size______ 

 

Other Environmental Considerations 

 

Weather conditions – Wind speed ____kts, Wind direction_____  

 

Air Temp- Expected high____ Low___   

 

Wave height___ ft. Wave direction____  

 

Skies, Clear_____ Partially overcast_____ Fully overcast______ 

 

Describe the response Methods Available 
For detection – related to visibility/bottom type/debris 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

For recovery method- related to a specific location and environmental conditions, 

characteristics of the oil, availability of equipment, and logistical support for the 

cleanup_______________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

For decanting/polishing/storage – related to distance from port/debris/bottom 

type/weather 

effects________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

Logistics – Describe the logistic of fielding the response including the equipment requirements, 

shoreside and onwater staging, equipment availability, backup equipment/spares availability, 

time to mobilize equipment and personnel on site, availability of skilled/trained 

operators/workers. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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