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Abstract 

Ohmsett, The National Oil Spill Response Research & Renewable Energy 
Test Facility, plays a critical role in developing the most effective response 
technologies, as well as training first responders with the most realistic training 
available, enabling a rapid and efficient response to an actual spill.  The facility 
provides a crucial intermediate step between small-scale bench testing and open 
water testing of equipment by allowing testing of full scale equipment in a controlled 
environment.  Information gathered at Ohmsett plays an essential role in the 
development of new technology and in the creation of more effective procedures for 
responding to future oil spills.   

Recent programs for innovative spill recovery technologies and training 
include: Sunken Oil Detection, Calm Sea Dispersant Application and Washout, 
Remote Oil Spill Sensing, Oil Herders in Pack Ice, Dispersant Effectiveness with 
Low Doses and Repeated Application, Skimmer Nameplate Capacity Testing, 
Submersible Pump Test, Oil Herders to Improve Offshore Dispersant Operations, 
Validating Lab-Scale Dispersant Effectiveness, U.S. Coast Guard (USCG) Oil Spill 
Response Training, Environmental Protection Agency (EPA) Response Training, 
USCG SMART Protocol Training, Dispersant Training Course, and Fast Water Spill 
Response Training.  To further aid research and development projects, Ohmsett’s 
Wave Generator was recently upgraded to create waves following computer 
generated spectra such as JONSWAP and Pierson-Moskowitz, resulting in waves that 
more closely simulate ocean waves.   

Ohmsett’s value as a testing and training platform is confirmed by the number 
of researchers and trainers who return to Ohmsett for continued testing and training.  
While much of the data collected is proprietary, this paper will summarize and 
discuss the methodology used during recent testing, training and research conducted 
at Ohmsett.
 
1 Introduction 

Ohmsett, The National Oil Spill Response Research & Renewable Energy 
Test Facility, located in Leonardo, New Jersey, provides independent and objective 
performance testing of full-scale oil spill response equipment.  Ohmsett helps 
improve oil spill response through research and development of the tools responders 
use, as well as allowing full-scale realistic training to response personnel.  Ohmsett’s 
largest asset is its above-ground concrete test tank which measures 203 m long 
(approximately two football fields) by 20 m wide by 3.4 m deep.  It is filled with 9.8 
million L (2.6 million gallons) of salt water which is filtered to obtain crystal clear 
water, enabling the use of underwater cameras and viewing windows mounted in the 
walls of the tank. 



The test tank is spanned by three movable bridges (carriages).  The Main 
Bridge is used to tow full-size oil spill response equipment through the water at 
speeds up to 3.3 m/s to simulate towing at sea or deployment of equipment in a 
current.  It also includes an oil distribution system that allows oil to be dispensed on 
the water in front of the equipment being towed or tested.  The Auxiliary Bridge has 
an eight section, 8,000-L tank which is used to store oil recovered by the response 
equipment being tested.  The test tank has a wave generator that can generate waves 
up to one meter high. In addition, there is an on-site oil/water chemistry laboratory 
and a large training room with multi-media capability, which allows for both 
classroom and hands-on training. Figure 1 shows the configuration of the Ohmsett 
facility. 
 

 
Figure 1  The Ohmsett Facility 
 
2 Background 

The U.S. Department of the Interior Minerals Management Service (MMS) 
manages the facility as part of its mandated requirements by the Oil Pollution Act 
1990 (OPA ‘90) (OPA ‘90, Section 2671 (a)(2)).  In Accordance with OPA ‘90, 
agencies represented on the Interagency Committee are to ensure the long-term use 
and operation of Ohmsett for oil pollution technology testing and evaluations.  In 
addition, training should be conducted in consultation with the National Response 
Team, to improve industry's and  the government's ability to quickly and effectively 
remove an oil discharge, including the long-term use, as appropriate, of the Texas 
A&M University, National Spill Control School in Corpus Christi, Texas. 

 



3   Operational Testing 
Ohmsett fills a critical intermediate step between small-scale bench testing 

and open water testing of equipment.  Results of MMS funded oil spill response 
research can be found at www.mms.gov/tarprojectcategories/ on the database of 
projects, where the summaries can be searched by category or by project number. The 
following are the recent projects conducted at Ohmsett.    

 
3.1 Mechanical Recovery 
3.1.1 Windsor Innovations 

Windsor Innovations is developing a device to remotely clamp onto a leaking 
subsurface oil pipeline at depths up to 305 m (1000 feet) below the surface, and came 
to Ohmsett to test the concept.  Windsor’s Pipeline Submerged Fluid Recovery 
System™ (SFRS), as shown in Figure 2, is a subsurface abatement, containment, and 
collection system for oil and other contaminants leaking from submerged pipelines in 
waterways and oceans.  The SFRS is submerged to the pipeline and attaches to the 
target leak along the length of the pipe.  The device compresses about the 
circumference of the pipe, forming a soft seal and creating a sealed cavity into which 
the contaminant can leak.  By creating a sealed cavity, contaminant is prevented from 
leaking into the environment and seawater is blocked from entering the pipeline.  The 
sealed cavity is plumbed to connect to a surface tank to recover the fluid for 
processing and/or sampling. The objective was to reduce the environmental impact by 
intercepting the oil before it enters the environment from damaged petroleum pipeline 
systems. 
 

 
Figure 2  Windsor’s Pipeline Submerged Fluid Recovery System™ (SFRS)  

 
To test the concept, a 2-m (6 feet) long section of 0.3 m (12 inch) diameter 

pipe was used to simulate a section of underwater pipeline.  A hole was drilled 

http://www.mms.gov/tarprojectcategories/


through the pipe and fitted with a nozzle directed away from the exterior of the pipe.  
The nozzle was connected to a high pressure oil supply line to simulate a leak, while 
the 0.3 m (12 inch) pipe was used to provide a realistic mounting surface for the 
SFRS. 

The 2-m long 0.3 m (12 inch) pipe, mounted on a fixture, was lowered into 
Ohmsett’s salt water test basin so that the pipe was approximately 0.5 m off the 
bottom of the tank.  Next, the SFRS was lowered into the tank, positioned over the 
0.3 m (12 inch) pipe, and the SFRS’s pneumatic actuators were used to clamp the 
SFRS to the pipe.  Once the pipe was sealed, Alaska North Slope (ANS) crude oil 
was pumped to the nozzles at pressures ranging from 690 kPa (100 psi) to 3,400 kPa 
(500 psi), with each test lasting for approximately three minutes.  Ohmsett’s 
underwater camera was used to inspect the area around the seals for leakage during 
the test.  As this was a proof of concept test, data is proprietary. 
 
3.1.2 Submersible Pump Test 
 Ohmsett was given a prototype submersible pump, shown in Figure 3, to test 
with water and oils of various viscosities.  The pump was tested in the Ohmsett tank 
farm using a specially designed piping system capable of pumping 38,000 L (10,000 
gallons) of product from one vertical tank to another.  The submersible pump was 
attached by its flanged connection to the piping and positioned approximately 15 cm 
(6 inches) from the tank bottom.  From the pump, the piping went 5 m vertically, out 
through the man-way at the top of the tank, turned 90 degrees for a horizontal run to 
the adjacent recovery tank, then turned 90 degrees down for a short drop into the 
recovery tank.   
 

  
Figure 3  Prototype Submersible Pump 
 Along the top horizontal leg, a butterfly valve was used to gate (restrict) the 
flow and impose varying discharge pressures onto the pump.  The 10 cm (4 inch) 



diameter piping system was also equipped with instrumentation to measure pressure 
at the pump discharge and temperature of the product as it flowed through. Additional 
measurements included hydraulic pressure and flow from the prime mover.  All 
instrument output signals were fed into the data collection computer, recording data 
at 10 Hz.  An analog pressure gauge was also located at the butterfly valve to provide 
a relative indication of the pressure imposed on the pump.  Fluid tank levels were 
measured by an ultrasonic distance meter and also computer recorded.  Flow rate was 
calculated using the change in tank levels converted to volume divided by the 
corresponding time frame.  The prototype was evaluated by measuring the actual 
flow rate of the pump with specific pressures (head) imposed on the pump.  Values 
were obtained for water, Hydrocal 300 test oil (nominal viscosity 200cPs at 20o C) 
and Sundex 790 (nominal viscosity 9500cPs at 20o C).  In addition to flow rates, the 
dead head pressure for each fluid was determined. 
 
3.1.3 Crucial Skimmer 

Crucial, Inc. is developing a new disc skimmer and has visited Ohmsett 
several times during the development to quantify the improvements.  The major 
changes since inception are an increase in the number of discs from 44 to 88, and 
applying an oleophilic fabric coating to the previously plain aluminum discs.  The 
polyethylene scrapers were also redesigned to work with the new fabric coating and 
their performance tested. 

Throughout the series of tests, results continued to improve.  Prior to testing at 
Ohmsett, other scraper designs were bench-scale tested at SL Ross Environmental 
Research, Ltd. In Ottawa, Canada to determine their effectiveness at removing oil 
from the disc and to determine their durability. 

The skimmer tests were intended to resemble the 72-hour spill cleanup 
scenario mandated by the State of Alaska.  The tests were performed with fresh ANS 
crude oil.  To provide an indication of skimmer performance at the end of the 72-hour 
scenario, testing was also conducted using artificially weathered ANS.  As was found 
in previous tests, the optimum recovery rate was achieved at a disc speed of slightly 
greater than 30 rpm, and recovery efficiency was found to decline significantly when 
disc speed was increased beyond 30 rpm. 

The general approach for all tests, were in accordance with the American 
Society of Testing and Materials (ASTM) F 2709 - Standard Test Method for 
Determining Nameplate Recovery Rate of Stationary Oil Skimmer Systems (ASTM 
2008). The tests were to start with a slick thickness of 75 mm (3 inches), and then 
take measurements to calculate oil recovery rate and efficiency as the slick thickness 
declined from 75 mm to 50 mm (3 to 2 inches).  The test was run three times and test 
results were considered valid if the values deviated less than 20% from the arithmetic 
mean.  Per the ASTM protocol, an area three times the width of the skimmer and 
three times the length of the skimmer was boomed off as the test area.  This was 
initially 7.3 m x 7.3 m (24 feet x 24 feet) which increased to 9.1 m x 9.1 m (30 feet x 
30 feet) as the size of the skimmer increased.  The skimmer was rigged in the boomed 
area so that its cargo line discharged to calibrated recovery tanks, as show in Figure 
4.  After pre-test runs to ensure the equipment was working properly, that oil was 
evacuated and fresh oil was delivered to the test area to create a slick 75 mm thick.  
During timed runs, the skimmer was operated until it removed the equivalent of 25 
mm of slick thickness.  The skimmer was stopped, the test area was replenished with 



fresh ANS so the starting slick thickness was 75 mm, and the test was repeated.  
Following the fresh ANS tests, the series was repeated using ANS that had been 
weathered by heating and air sparging. 

 
Figure 4  Crucial Incorporated Prototype Disc Skimmer 
 

The two performance measurements are: 
 

Oil Recovery Rate (ORR): Total volume of oil recovered by the 
device per unit of time (water that is recovered along with the oil is not 
included in this calculation). 
 

and:  Recovery Efficiency (RE): The ratio of the volume of oil recovered to 
the volume of total fluid recovered. 

 
These are resolved using the following formulae:  

 
                          Voil    
    ORR =  
                                   t                                               (1) 
 
Where:   ORR = Oil Recovery Rate, liter/min (lpm) (gallon/min (gpm)) 
  Voil   = Volume of oil recovered, L (gal) (decanted and lab corrected) 
  t        = Elapsed time of recovery, minutes 
 
and: 
        Voil
    RE =         X 100  
      Vtotal fluid                                                                                 (2)                                             



 
Where:  RE          = Recovery Efficiency, % 
  Vtotal fluid  = Volume of total fluid (water and oil) recovered 
 
3.1.4 Ro-Clean Desmi Skimmers 

Two Ro-Clean Desmi skimmers were performance tested in the Ohmsett test 
tank.  The first skimmer, the Polar Bear, was designed to be a cold water and broken-
ice resistant skimmer.  It employs six horizontal oleophilic brush modules arranged 
hexagonally around the perimeter of the skimmer.  These brushes are designed to 
fend off broken ice while removing oil from the water surface.  The modules can be 
readily changed in the field to either effect repair, or change to a brush design more 
suited to the oil/water environment.  Off-load of recovered oil is from a central sump 
via a pump located at the bottom of the skimmer.  

The other skimmer tested was the Giant Octopus, as shown in Figure 5, which 
is a late-stage prototype.  This skimmer is a multiple link-belt brush skimmer that 
employed fifteen brush belts in three groups of five located around the perimeter of 
the skimmer at 120-degree centers.  Off-load of recovered oil is from a sump via 
pumps located at the bottom of the skimmer. 

 

 
Figure 5  Ro-Clean Desmi Octopus Skimmer 

 
The test oils were ANS crude and Calsol 8240.  Testing followed the same 

protocol as used with the Crucial skimmer, ASTM F 2709 - Standard Test Method for 
Determining Nameplate Recovery Rate of Stationary Oil Skimmer Systems (ASTM 
2008).  All tests were run in a 7.3 m by 7.3 m recovery area with an initial 75 mm 
thick slick.  Water salinity was measured at 30.0 ppt at 6.6o C.  Tests were conducted 
in December 2009 and the oil slick temperatures were approximately 5o to 10° C. 



3.2 Chemical Treating Agents 
The Ohmsett facility is a leader in chemical treating agents, especially 

dispersant effectiveness (DE) testing, through its use of realistic test protocol, testing 
under cold and temperate conditions, and using fresh and weathered crude oils.  
Instrumentation routinely used at Ohmsett during DE experiments includes a C3 
submersible fluorometer and a LISST 100 Particle Size Analyzer for dispersed oil 
concentration and particle size measurement.  

 
3.2.1 Using Oil Herders to Improve Mechanical Recovery in Pack Ice 

Oil spill operations in cold water are hampered by the presence of ice.  Booms 
used to corral the oil also corral the ice, which interferes with skimming operations as 
the ice prevents the oil from reaching the deployed oil recovery skimmers.  Chemical 
herding agents used to thicken slicks for in situ burning may be a useful tool to 
thicken and contract oil within and ice field, without corralling the ice (Buist, 2007). 

SL Ross Environmental Research, Ltd. conducted a series of tests at Ohmsett 
on the efficacy of chemical herders in thickening oil slicks in broken ice to enhance 
mechanical recovery of spilled oil.  The general test procedure was to put the ice in a 
10m diameter circular boom and move it to the upwind side of the test area.  The 
boom, and ice contained within it, were released and allowed to drift downwind.  
Once at terminal speed, oil was placed inside the boom and allowed to spread.  The 
boom, ice, and oil were photographed from an elevated platform, herder was applied 
around the perimeter of the slick to contract and thicken the slick, and another 
photograph was taken.  From the digital photographs, software was used to calculate 
the area of the oil slick before and after the application of herder.  Once the slick 
finished contracting and the overhead photograph was taken, skimming operations 
commenced. 

The skimmer, pre-positioned within the boomed area, was moved about the 
area via manually handled control lines, Figure 6.  Skimming time was recorded to 
calculate an oil recovery rate (ORR) and the collected oil was sampled to determine 
the amount of water collected, which would be used to calculate the oil recovery 
efficiency (RE). 

 
Figure 6  Oil Herders to Improve Mechanical Recovery in Pack Ice 



The test oils were ANS crude from Alyeska Pump Station 1, Pt. MacIntyre 
crude, and Marine Gas Oil (MGO).  Sufficient oil was dispensed in the test area to 
create a slick with a nominal thickness of 1 mm.  The quantity of ice coverage varied 
from 0%, 10%, and 30%, and two different skimmers were used: a Desmi Termite 
weir skimmer and a Morris MI-2 disc skimmer.  A final report will be submitted to 
MMS and made available on their website www.mms.gov/tarprojectcategories/. 
 
3.2.2 Testing of Herders to Improve Operational Efficiency of Dispersants 
 SL Ross Environmental Research, Ltd. conducted a week-long test at Ohmsett to 
determine if herding agents applied around a spreading slick affect the operational 
efficiency of subsequent dispersant application.  One of the difficulties in using 
chemical dispersants is that they can under-dose or over-dose slicks in open water 
due to the differences in oil thickness at sea.  Dispersant drops that fall on thin oil or 
sheen tend to penetrate through to the underlying water.  Slicks which appear black 
are difficult estimate for thickness tend to be under-dosed with dispersant. 
 The purpose of the test was to quantify the efficacy of herders in thickening 
oil slicks for subsequent treatment with chemical dispersants.  The effects of the 
herding agent were be quantified by measuring the change in surface area of the slick 
after herder application using overhead video and digital photography taken from an 
elevated platform positioned over the tank.  Dispersant effectiveness was measured 
using the standard Ohmsett protocol.  The dispersant application system used a spray 
bar dispensing Corexit® 9500 dispersant. The herder, based on a formula developed 
by the United States Navy (USN) was applied to the area with hand held spray 
bottles. 

The basic test procedure began with setting Ohmsett’s wave generator set to a 
75 mm (3 inch) stroke and a frequency of approximately 35 strokes per minute to 
produce waves.  Once the waves built and were on the verge of breaking, oil 
(Oseberg crude) was dispensed onto the surface of the tank.  Once the slick spread to 
equilibrium, an overhead digital photo was taken so that post processing software 
could determine the area of the slick.  Herder was sprayed around the perimeter of the 
slick via hand-held spray bottles.  Once the slick has contracted, another digital photo 
was taken from above the tank.  Dispersant was then applied to the slick.  During the 
test, a LISST droplet size analyzer and a C3 submersible fluorometer were towed 
through the dispersed oil cloud to obtain dispersed oil droplet concentration and 
particle size data.  The waves were left on for 30 minutes and then terminated.  Oil 
remaining on the surface that had not dispersed was collected to quantify and was 
sampled for water content.  The effectiveness of the dispersant was determined by 
dividing the amount of collected oil (volume corrected for water content) by the 
original volume of dispensed oil, multiplied by 100 and expressed as a percent.  A 
final report will be submitted to MMS and made available on their website 
www.mms.gov/tarprojectcategories/ 
 
3.2.3 Calm Seas Application and Dispersant Wash-Out  

A two-week testing program was conducted at Ohmsett to test oil thickness 
and oil type effects on dispersant wash-out.  The test protocol used was similar to that 
used during the calm seas test series in the spring of 2007.  Multiple test rings were 
deployed across in the Ohmsett test tank so a range of slick thickness and/or oil types 
could be monitored in one test sequence.  Dispersant wash-out rates were monitored 



throughout the test period by sampling the surface oil and testing dispersant 
effectiveness using a bench-scale test such as the Warren Spring Laboratory (WASL) 
rotating flask method, as was done successfully in the 2007 test, and by measuring 
the interfacial tension of the sampled oil with fresh sea-water.  The final report for 
this task will be available on the MMS website www.mms.gov/tarprojects/615.htm, 
and a peer reviewed scientific publication is being prepared on the results of this task. 
 
3.2.4 Dispersant Effectiveness Tests in Low-Doses and Repeat Application 
 Work conducted at Ohmsett has shown that oil treated with dispersant may 
retain sufficient amounts of dispersant for effective dispersion over periods of up to at 
least one week under quiescent conditions.  Conversely, under conditions with 
significant water movement under a slick, the dispersant may be lost to the water 
within a day or two and is no longer effective.  In a study conducted by SL Ross 
Environmental Research, Ltd., a week-long test evaluated dispersant effectiveness in 
low-dose, repeated applications. 

The usual practice for the application of dispersant to large oil spills is 
through fixed wing aircraft spraying.  Typical spray rates target a dispersant to oil 
ratio (DOR) of 1:20, based on a slick approximately 0.15 mm thick.  Thick oil 
patches could be 10 to 100 times thicker than this.  The actual application rate of this 
thickness could be in the range of 1:200 to 1:2000 (Belore and Trudel, 2010).  This 
study was to learn if multiple low dose applications of dispersant over time achieve 
an effective dispersion. 

Initial testing was conducted at SL Ross’ laboratory in Ottawa, Canada.  Tests 
were conducted at Ohmsett to determine if dispersant applied in very low doses 
(1:1000 to 1:200) would disperse a small fraction of a dispersible oil or if it is 
ineffective until a minimum threshold of dispersant is reached, possibly through 
multiple, low-dose applications. 

For the test, oil was dispensed on the test tank’s water surface to create a slick 
and dispersant was applied in low dose, Figure 7.  Researchers waited a few minutes 
to observe the wave sets and effects of the dispersant, and then another low-dose of 
dispersant was applied. 

 
Figure 7  Dispersant Effectiveness Tests in Low-Doses and Repeat Application 



Various crude oils were tested, including Endicott, ANS, Rock crude, and 
intermediate fuel oil 180 (IFO 180).  The dispersant was COREXIT® 9500.  A final 
report will be submitted to MMS and made available on their website 
www.mms.gov/tarprojectcategories/ 
 
3.2.5 Validation of Small-Scale Laboratory Test Dispersant Effectiveness 
 Ranking  

Bench scale dispersant effectiveness tests are routinely used around the world 
to rank the potential effectiveness of a dispersant product on standard oils or to study 
the effect of oil and dispersant type, and environmental parameters on dispersant 
effectiveness.  In the United States oils must achieve a measured effectiveness of 
45% or greater in the swirling flask to be placed on EPA’s National Contingency Plan 
(NCP) Product Schedule as an approved dispersant.  However, there are questions as 
to what the effectiveness values recorded in these laboratory tests mean with respect 
to likely effectiveness in the field and do the bench scale tests fairly evaluate 
dispersant products.  Attempts have been made to correlate the results of bench scale 
tests to one another with mixed success thus suggesting that few, if any, of the tests 
are representative of real-world situations (Belore and Trudel, 2010). 

Very limited field data are available to allow the comparison of bench scale 
test results to field success.  The Ohmsett test facility was used to provide “field” 
effectiveness estimates on a select number of oils for a select number of dispersants.  
Bench-scale tests were conducted using the same dispersant and oil combinations and 
the results compared to establish if the bench-scale test results can be used to provide 
reasonable estimates of field performance. The bench-scale test methods used in the 
study were the EPA Baffled Flask Test (BFT) and the WSL Laboratory test.  The 
BFT is being proposed as the new EPA standard and the WSL test has been shown to 
be more representative of field.  Once completed, the final report will be available on 
the MMS Website www.mms.gov/tarprojectcategories/ 
 
3.3 Remote Sensing 

The Ohmsett facility allows for testing and evaluation of remote sensing 
instruments under a wide range of conditions.  Sensors can be mounted on the 
Ohmsett Bridge or on the tower above the tank.  The tank is also large enough that 
aircraft can fly over a test oil slick to evaluate sensor performance.  Recent projects 
include: 

 
3.3.1 Ocean Imaging 

Ocean Imaging specializes in remote sensing systems using airborne and 
satellite-based equipment and is developing a method to remotely detect oil on 
surface water using a portable aerial imager.  This system was tested at Ohmsett in 
June 2008, with further testing taking place in February 2010.  The objectives were: 
1) Determine the film thickness of various oil types; 2) Validate multispectral 
thickness algorithm; 3) Investigate thermal imaging signatures of several refined and 
unrefined oil-on-water films under near-freezing or freezing water and air 
temperatures (i.e. Arctic or wintertime environmental conditions); 4) Investigate the 
changes in such thermal signatures due to changes in solar heat input from daytime to 
nighttime; 5) test the performance of available thermal imaging equipment in freezing 
or near-freezing air temperatures. 



Ohmsett’s Main Bridge has a crow’s nest for elevated viewing of the test, and 
the top rail of the crow’s nest provided a solid surface to mount the remote sensing 
cameras.  As shown in Figure 8, Ocean Imaging’s equipment was rigged aloft in the 
Crow’s Nest approximately 9 m (30 feet) above the water surface with the imagers 
cantilevered from the Crow’s Nest so they would have a near vertical view of the 
targets below.   

 

 
Figure 8  Ocean Imaging Remote Sensing Test 
 

A dozen 1.2 m x 1.2 m (4 feet x 4 feet) square targets were assembled using 
gray PVC.  Gray PVC was used to minimize frame contamination due to the high 
reflectance properties of other materials, such as white PVC.  To further minimize 
reflection the PVC targets were sanded to dull the finish.  Once the targets were 
assembled they were placed on the surface of Ohmsett’s saltwater test tank and 
tethered beneath the Main Bridge Crow’s Nest.  Later tests used two 46 m (150 feet) 
long sections of river boom, spaced 2.4 m (8 feet) apart, to create a ‘channel’ in 
which oil could be spilled in a controlled manner. 

Discrete amounts of oil were dispensed into each 1.2 m x 1.2 m target to 
create oil slicks of various thicknesses.  Knowing the volume of oil dispensed and the 
area of the slick, the oil thickness could be calculated.  Test oils included 
Intermediate Fuel Oil (IFO) 180 (a blend of gasoil and heavy fuel oil); IFO 360; JP5 
(aviation jet fuel); Hydrocal 300 (a medium viscosity lube stock); Heritage crude oil; 
marine gasoil (diesel); ANS as fresh and as emulsified; and AW 32 hydraulic fluid. 

The procedure was to fire-hose the targets to drive out any residual oil from 
the previous test and once the area was clean, carefully pour measured quantities of 
oil into the targets.  The oil in the targets was gently raked with an improvised wire 
rake to create a more uniform slick.   The moveable Main Bridge then passed over the 
targets as data was acquired from the crow’s nest, simulating data acquisition by a 
small plane passing over an oil spill.  All tests except for one were conducted in calm 
conditions.  For one test, the targets were removed from the area and 1.5 L of 



Heritage crude oil was dispensed on the surface of the tank as a free slick.  Ohmsett’s 
wave generator was set to a stroke of 75 mm (3 inch) and the wave generator was 
operated at a frequency of 35 cycles per minute (cpm).  The wave damping beaches 
were set to the lowered position to produce a Harbor Chop with an H1/3 significant 
wave height (the average of the highest 1/3 waves) of approximately 254 mm (10 
inches).  The Main Bridge then passed over the broken slick so data could be 
acquired.  Ocean Imaging is preparing a final report, which will be available on the 
MMS website, www.mms.gov/tarprojectcategories/ 
 
3.3.2 USCG Submerged Oil 

Even though heavy (sinking) oils have historically accounted for a small 
percentage of spills, environmental and economic consequences resulting from a spill 
can be high.  Heavy oils can sink and destroy shellfish and other marine life 
populations in addition to causing closure of water intakes at water treatment 
facilities and power plants.  Existing Coast Guard systems are inadequate for heavy 
oil detection and recovery.  Regardless whether the oil is on the surface, neutrally 
buoyant in the water column, or on the bottom, its recovery is difficult.  The 
underwater environment poses major problems including poor visibility, difficulty in 
tracking oil spill movement, colder temperatures, problems with containment 
methods and technologies, and problems with the equipment’s interaction with water.  

Two examples of recent heavy oil spill cases are the M/T ATHOS 1 in 
Delaware Bay and the Integrated Tug and Barge DBL-152 in the Gulf of Mexico.  
The ATHOS 1 spill occurred in November 2004, where 1,000,000 L (265,000 
gallons) were spilled with only a fraction of that recovered (3,400 L (900 gallons) 
were recovered by divers).  For the DBL-152 spill in November 2005, 10 million L 
(2.7 million gallons) were spilled with only approximately 620,000 L (164,000 
gallons) recovered. 

Laser fluorometers have been shown to have the capability to detect oil spills 
at night and to detect oil under the water surface.  Other companies have developed 
in-situ fluorometers that detect hydrocarbons in the water column.  Sonar has also 
been successful in locating and identifying oil which has sank.  It is anticipated that a 
combination of sensors may be needed in order to search and confirm the location of 
oil and possibly estimate quantities.  Researchers from the USCG Research and 
Development Center conducted a series of tests at Ohmsett and invited a number of 
companies to participate in an initial phase of heavy oil detection tests, whereby 
potential concepts were evaluated.  Vendors with the most promising technologies 
were invited to participate in a second phase of testing in the Ohmsett test tank which 
took place in the winter of 2009. 

The second phase of testing provided an underwater environment, 12 m by 12 
m (40 feet by 40 feet), and simulating realistic subsurface conditions. Various sands, 
stone and dirt materials were used as the subsurface layer to replicate likely materials 
found in river and ocean floors.  Sunken oils were placed in known quantities and 
thicknesses within the test area and documented for testing vendors to comparatively 
prove equipment capabilities.  Ten 2.4 m x 6 m (8 feet x 20 feet) platforms were 
constructed from the bases of commercial shipping containers.  Each platform had a 
solid bottom and a 10 cm (4 inch) side wall around the perimeter.  To shield from 
echoes from the exposed steel, 30 cm (1 foot) wide rubber strips were attached along 
the perimeter wall of each platform.  Once load testing was completed, the substrate 



material(s) were added to each platform.  A minimum depth of 5 cm (2 inches) of 
material was added to cover the entire bottom surface. Predetermined areas and 
thicknesses of various (sunken) oils as well as other typical subsurface materials (i.e. 
rocks, and seaweed) were positioned in the 10 test areas and documented. The test 
area containing the subsurface materials is shown in Figure 9. The test oils included: 
#6 fuel oil, Sundex, Tesoro decant oil, and roofing asphalt.  Barium sulfate powder 
was added to the #6 and Sundex to increase their densities to 1.07 and 1.08 
respectively.  The Tesoro decant oil was used as received and had a specific gravity 
of 1.06.  The viscosities at test temperature 1.1o-0o C (30o- 32o f) were: #6 – 500,000 
cPs, Sundex- 400,000 cPs, and Tesoro decant oil 50,000 cPs.    

 

 
Figure 9  USCG Submerged Oil Underwater Testing Environment  

 
An 80 ton crane was used to lower the platforms into the test basin.  Once 

lowered into the test basin, divers positioned the platforms and then de-rigged them 
from the lifting frame.  Figure 10 shows the targets positioned in the tank. 

The vendor equipment setups for all tests were similar.  The sensor devices 
were mounted onto the Ohmsett Main Bridge tow points which positioned the devices 
approximately 30 cm (1 foot) below the water surface.  The tow points are located on 
the north side of the bridge and were designed to transverse the span of the bridge on 
rollers. The data collection systems and computers were located in the heated bridge 
house.  



 
Figure 10  USCG Submerged Oil Target Platforms  

 
Depending on the system, scanning of the sunken oil targets was performed 

while transecting the test area and/or by positioning the sensor(s) at defined locations.  
Manually recorded logs were generated during testing and included pertinent 
information such as, date, time, transverse position, longitudinal position (direction of 
bridge travel), bridge speed or stationary, and water temperature.  The result of the 
systems’ ability to identify the presence of oils, oil type and surface area was reported 
directly to the USCG representative by each vendor independently.  
 
4 Training 

In partnership with the USCG, Texas A&M University (TAMU) National 
Spill Control School, and SL Ross Environmental Research Ltd., Ohmsett has 
developed a comprehensive course program that includes: USCG Class C Response 
Technician training, Oil Spill Response and Strategies Training (in English and 
Spanish), and Dispersant Training for the Oil Spill Responder.  

Training emphasizes classroom exercises and practical hands-on use of the oil 
spill equipment in realistic marine conditions.  Following classroom instruction, 
students receive hands-on training in the tank recovering real oil with full size oil 
spill recovery equipment in both calm water and in harbor chop conditions. 
Following tank exercises, students review their oil recovery efficiencies and critique 
their performances.  The two principal efficiency measures are Oil Recovery 
Efficiency (ORE) and Throughput Efficiency (TE), defined as: 

 
Oil Recovery Efficiency (%) = Volume of oil recovered  X 100  (3) 
                 Volume of fluid recovered 
 
Throughput Efficiency (%) = Volume of oil recovered  X 100  (4) 
               Volume of oil encountered 



  
A high ORE score indicates that the fluid recovered by the student contained a 

high percentage of oil and a low percentage of water.  A high TE score indicates the 
student was able to recover a high percentage of the oil that was spilled. 

Ohmsett also provides a venue for commercial firms to train their personnel 
using their own curriculum and equipment. Several companies that have come to 
Ohmsett for training include:  Alaska Clean Seas (ACS), CHS Refining Fast 
Water/River Response training, ConocoPhillips Corporate Oil Spill School Training, 
and Chevron. 
 
4.1 USCG OSRT and NSF Training 

In the OPA ’90, the U.S. Coast Guard (USCG) was included as one of the 12 
agencies that make up the Interagency Committee tasked with providing for research, 
development, and demonstration of new or improved technologies which are 
effective in preventing or mitigating oil discharges (OPA ‘90, Section. 2671 
(c)(2)(G)). 

The Coast Guard and Ohmsett have partnered to develop a comprehensive 
course program that has led to USCG Class C training.  It is a five-day training 
program that provides Coast Guard personnel with both classroom and hands-on 
training using oil spill response equipment systems onboard the U.S. Coast Guard 
Cutter JUNIPER Class Buoy Tender’s (WLB) and Spilled Oil Recovery System 
(SORS) and District Response Advisory Team (DRAT)/NSF Strike Team Vessel of 
Opportunity Skimming System (VOSS) equipment.  

A half-hull equipment station, located in the Ohmsett parking lot, was 
constructed to mimic the JUNIPER class seagoing response vessels.  The half-hull 
mimics the ship’s starboard side, and allows students to experience an over-the-side 
deployment effort of the Fast Sweep boom and associated systems.  Other equipment 
stations include: Deutz Hydraulic Prime Mover (HPU) CCN-150 and DS-250 Weir 
Skimmer; Boom Reel operation; Temporary Storage Device (TSD)/inflatable oil 
barge; and culminating with on-tank exercises where students recover spilled oil in 
calm conditions and in harbor chop conditions. 

 
4.2  Texas A&M University (TAMU) National Spill Control School /TAMU 
 Spanish Oil Spill Response and Strategies Training 

Ohmsett has partnered with Texas A&M University (TAMU) National Spill 
Control School (NSCS) to offer a one-week Oil Spill Response Training Class.  The 
training is designed to assist oil spill management personnel in developing skills 
necessary to make quick and informed decisions during an oil spill incident and 
provide hands-on oil recovery operations training using full-scale equipment with real 
oil in the Ohmsett test tank. 

Classroom training topics include: factors affecting oil spill movement, classic 
(mechanical) and alternative (dispersants/in-situ burns/bioremediation) response 
strategies, boom/skimmer selection and use, interactions with news media, oiled 
wildlife rescue and rehabilitation, establishing a Command Post, damage assessment 
and claims, and the National Pollution Fund Center.  Students learn the Incident 
Command System (ICS), National Incident Management System (NIMS), and the 
Field Operations Guide (FOG). 



In addition to classroom training, the students performed skimming operations 
in realistic at-sea conditions (real oil and wave conditions).  Students operated a 
skimmer, positioned in the apex of the oil boom, while advancing down the wave 
tank.  The current and harbor chop created by the Ohmsett wave generator challenged 
the students to optimize the skimming system flow rates to effectively recover oil 
from the water’s surface. 

Students also made a field trip to a local beach where they conducted 
shoreline characterization exercises and collected GIS/GPS information.  The data 
obtained was brought back to the classroom and used during the last day’s tabletop 
spill management exercise. 

The Ohmsett staff and Texas A&M University's National Spill Control School 
instructors recently introduced the first Spanish speaking oil spill response and 
strategies training course at Ohmsett.  All aspects of the course are taught either in the 
Spanish language or with expert interpreters.  Students came from as far as Panama, 
the Dominican Republic, and Chile to attend the class. 

Upon successful completion of the course, each student received an ICS-100 
and NIMS IS-700 certification provided by FEMA, and TAMU course completion 
with 8-hour HAZWOPER refresher certificates provided by the National Spill 
Control School at Texas A&M University-Corpus Christi. 
 
4.3   Ohmsett Dispersant Training 

In conjunction with SL Ross Environmental Research Ltd., Ohmsett 
conducted a Hands-On Dispersant Training for Oil Spill Responders. This two-day 
course emphasized practical experience in full-scale dispersant applications using the 
Ohmsett dispersant testing protocol and dispersant effectiveness monitoring using the 
U.S. Special Monitoring of Applied Response Technologies (SMART) visual and 
fluorometry methods.  Portions of the training were designed to meet the needs of 
USCG Strike Force Monitoring Teams. 

Training focused on practical experience dispersing oil slicks of crude oil 
under near-at-sea conditions in the Ohmsett tank.  There was a brief refresher on 
dispersants and effectiveness, as well as a discussion of new developments in 
dispersants followed by a full day of experience spilling oil and dispersing the slicks 
in Ohmsett’s tank, making observations of effectiveness on untreated and dispersed 
slicks as per the SMART dispersant effectiveness monitoring protocol, 
familiarization with a Turner C3 submersible fluorometer and Turner 10-AU digital 
field fluorometer, and collecting undispersed oil slicks containing dispersant with an 
oleophilic skimmer. 

 
4.4 U.S. Coast Guard SMART Training 
 The USCG recently held a three-day training class at Ohmsett for their 
Special Monitoring of Applied Response Technologies (SMART) protocol.  The 
class included students from the USCG, the U.S. Environmental Protection Agency 
(US EPA), and the U.S. National Oceanic and Atmospheric Administration (NOAA).  
 The SMART protocol is a monitoring program for use with dispersants and 
in-situ burning and relies on small, mobile teams that collect real-time data using 
portable instruments. 
 The curriculum included classroom as well as hands-on training in the set-up, 
calibration, deployment, and monitoring of the equipment during a dispersant 



exercise using Turner C3 submersible fluorometers.  Training was scheduled to take 
place in Ohmsett’s main outdoor test tank, but inclement weather caused the training 
to convene indoors.  As demonstrated in Figure 11, two fast-tanks were assembled in 
Ohmsett’s High Bay and filled with water while students were divided into three 
groups, each with their own equipment.  The C3’s were calibrated in one tank using 
flourescein.  In the other tank, sensors were placed on the bottom and just below the 
surface.  Norwegian crude oil was then spilled in the fast-tank and readings were 
taken.  A dispersant was applied and the surface was agitated to provide mixing 
energy.  Students continued collecting data as the oil dispersed and could correlate 
visual observations with instrument data. 
 

 
Figure 11  Turner C3 submersible fluorometers used in the SMART training 
 
4.5 Alaska Clean Seas 

Alaska Clean Seas (ACS) conducted an Advanced Training Program at 
Ohmsett.  The course curriculum was developed for two consecutive, one-week 
classes to give each group of experienced oil spill responders hands-on practice with 
oil spill response equipment set-up, recovery, maintenance and decontamination. 

Each training week consisted of four days of morning classroom time 
reinforced by afternoon skimmer exercises in the test tank, and one day of 
boom/skimmer/anchor deployment conducted at Clean Harbors Cooperative (CHC) 
Facility (arranged by ACS).  The course focused on all areas of spill response 
including fast-water inland spills, delta, offshore, river and land spills, with emphasis 
on tank exercises to reinforce classroom overviews.  Two types of oil are typically 
used during the Ohmsett exercises.  Hydrocal 300, a medium weight and viscosity, 
refined petroleum lube stock, is used for "heavy" oil exercises and diesel is used for 



"light" oil exercise.  The instructors, course curriculum and training materials are 
provided by ACS.   

Skimmers are provided by Clean Harbors and/or ACS (as arranged by ACS) 
as well as available on-site facility equipment which consisted of USCG Fast Sweep 
boom, USCG Desmi/Terminator Skimmer (w/ control stand and hydraulic hoses), 
LORI Brush Skimmer, Elastec Drum Skimmer, Modified TDS-118, with Elastec 
HPU, USCG Marine Pollution Control (MPC) Prime Mover, and Desmi DOP-160 
pump with Termite Skimmer. 
 
4.6 CHS Refinery Fast Water Oil Spill Response Training 

Ohmsett created a Fast Water and River Response training course for CHS 
Inc., a cooperative refiner in Laurel, Montana, to train members of its emergency 
response teams (ERT).  As Montana is landlocked, the course concentrated on oil 
spill response in fast water and river environments.  The classroom portion included 
oil properties, equipment performance and selection, booming strategies, collection 
and storage.  Students also gained hands-on experience collecting spilled oil in 
Ohmsett’s outdoor test tank. 

Ohmsett’s test tank was outfitted with submersible turbines to generate a 
current and simulate fast water.  Students performed boom deployment exercises and 
each student was given the opportunity to operate a skimmer to collect spilled oil.   

Students also participated in a field exercise to a nearby beach with a mock oil 
spill exercise to actually deploy boom that could herd oil away from a water intake 
using strategies they learned in the classroom and practiced on Ohmsett’s test tank. 
Figure 12 shows students deploying boom during the field exercise. 

 

 
Figure 12  Fast Water Spill Response Training Boom Deployment 
  
4.7 ConocoPhillips 

The objective of the training was to provide ConocoPhillips (COP) corporate 
oil spill school personnel with management training, hands-on experience, and 



refresher exercises on the set-up, operation, recovery, maintenance, and 
decontamination of recovery equipment with real oil.  The backgrounds and 
experience of those attending the training were vast and diverse, ranging from 
mechanics to supervisors.  Ohmsett provided the test forum where students rotated 
between the classroom, hands-on equipment setup/operation/demobilization, and tank 
runs in both calm and wave conditions.  Skimmers provided by COP and CHC 
include a Mini-Max 12 brush, Mormara 12 k disc, Manta Ray, Slurp, Skim-Pac, Rope 
Mop, and a GT-185 (MSRC). 
 
5 Wave Generator Upgrades 

Ohmsett’s wave generator system recently underwent an upgrade to expand 
its wave generating capability.  The system uses two wave flaps that are hinged at the 
bottom of the test basin.  The tops of the wave flaps were connected to push rods 
which were driven by lever arms and a hydraulically powered eccentric flywheel.  
Wave frequency was adjusted by increasing or decreasing flow to the hydraulic 
motor, which increased or decreased the flywheel’s rotational speed.  The wave flap’s 
range of motion was varied by manually adjusting the eccentricity of the flywheel 
(the farther out from the center; the greater the stroke).  This system was able to 
create simple sine waves if the wave damping beaches at the opposite end of the tank 
were raised and harbor chop waves if the beaches were lowered.  The purpose of the 
beaches is to attenuate the reflected waves, ideally 100%, so that the reflected waves 
will not interfere with newly generated waves. 
To improve the quality of the generated waves, MMS funded an upgrade of 
Ohmsett’s wave generator.  The new system employs two computer controlled 
hydraulic cylinders to drive the two wave flaps.  Figure 13 shows how the wave flaps 
can be operated individually and wave flap frequency and amplitude can be varied on 
each stroke to generate random waves that more closely approximate waves in the 
ocean.  In addition to generating sinusoidal and harbor chop waves, Ohmsett is now 
able to create more realistic waves such as those based on Pierson-Moskowitz, 
JONSWAP, and Frequency Modulated (FM) Slide, with scalable ocean water depth, 
wind speed, and model scale factor. 

 
Figure 13  Wave Generator Upgrades 
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