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EXECUTIVE SUMMARY 

The U.S. Coast Guard Research and Development Center (USCG RDC) partnered with the Bureau of Safety 

and Environmental Enforcement Oil Spill Preparedness Division (BSEE OSPD) to execute evaluations of 

four oil skimmers with two dielectric fluids and one refined oil as a control. These evaluations also 

supported BSEE OSPD’s Testing of Oil Spill Technologies (TOST) initiative, which evaluates oil pollution 

mitigation technologies to provide performance data to stakeholders. The Coast Guard Office of Marine 

Environmental Response Policy (CG-MER) endorsed this evaluation effort so that Federal On-Scene 

Coordinators (FOSCs) and other pollution responders can be better prepared for an offshore wind energy 

installation spill. 

In an effort to reduce carbon emissions, the renewable energy sector is experiencing a significant uptick in 

offshore wind energy facility construction near U.S. coastlines. Each facility’s electrical service platform 

(ESP) and wind turbines contain a variety of dielectric fluids necessary for operations. The increasing 

number of ESPs and wind turbines in the maritime environment increases the possibility of a dielectric fluid 

spill. The team’s aim was to develop knowledge about the skimmers’ capabilities with dielectric fluids that 

spill or may likely spill into U.S. coastal waters. 

RDC and BSEE OSPD reviewed 15 preliminary Oil Spill Response Plans (OSRPs) from offshore wind 

facilities and met with Oil Spill Removal Organization (OSRO) representatives to determine which oil 

skimmers should be tested. The team chose four oil skimmers: two were tested in stationary skimming mode 

in accordance with ASTM F2709-19, and two were tested in advancing skimming mode. Advancing 

skimmer tests followed a methodology developed by BSEE and members from the ASTM subcommittee 

F20. The four skimmers used were: a Crucial 13/24 “fuzzy” disc skimmer, a Lamor MultiMax 50 brush 

skimmer, and a Marco FilterBelt skimmer and Elastec X30 grooved disc skimmer attached to a Kvichak 

boat. 

The team assessed each skimmer with three test fluids: Midel 7131, HyVolt II NG, and Hydrocal 100. Midel 

7131 is a synthetic ester dielectric fluid and HyVolt II NG Naphthenic is a petroleum/mineral oil commonly 

used as transformer oil. These are two common fluids used in offshore wind energy facility operations. 

Hydrocal 100, used as a test control, is a refined oil produced with viscosity similar to the viscosities of the 

two dielectric fluids. 

The project team collected data about each oil skimmer’s oil recovery rate (ORR) and recovery efficiency 

(RE) with each test fluid. In advancing skimming mode, the team also attempted to record the skimmer’s 

throughput efficiency (TE) but could not make conclusive statements about this performance metric. This 

report captures all findings and presents conclusions and recommendations to FOSCs as to how existing oil 

skimmers should be used for dielectric fluid spills. RDC and BSEE OSPD do not anticipate a need to 

develop a new class of skimmers specifically to recover dielectric fluids; skimmers capable of recovering 

low-viscosity oils can recover dielectric fluids as well. This report can also be used as a knowledge product 

for OSROs, Area Committees, Federal/state agencies, and other spill responders. It will also help oil 

skimmer manufacturers better understand technology limitations and encourage product improvement. 
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1 INTRODUCTION 

In 2022, the U.S. Coast Guard Research and Development Center (USCG RDC) partnered with the Bureau 

of Safety and Environmental Enforcement Oil Spill Preparedness Division (BSEE OSPD) for a two-year 

effort to independently evaluate new and emerging oil spill-response technologies. RDC’s objective was to 

understand the true capabilities of these technologies and provide reports to Federal On-Scene Coordinators 

(FOSCs) so they could respond to oil spills more effectively. Results, conclusions, and recommendations 

from the evaluations would also serve as feedback to manufacturers for consideration in advancing their 

technologies. These evaluations also supported BSEE OSPD’s Testing of Oil Spill Technologies (TOST) 

initiative, which aims to collect performance data about oil pollution mitigation technologies to facilitate 

decision making for oil spill preparedness and response operations. 

For the first evaluation, the Coast Guard Office of Marine Environmental Response Policy (CG-MER) and 

other stakeholders concurred that new and emerging “Type I” adsorbents should be reviewed and tested. 

RDC and BSEE OSPD executed the evaluation at the National Oil Spill Response and Renewable Energy 

Test Facility (Ohmsett) in October 2022 that captured all findings and recommendations in a publicly 

available report (Balsley, Wurl, & McKinney, 2023). For the second evaluation, RDC and BSEE OSPD met 

with CG-MER to discuss the next mechanical-response technology of interest. BSEE OSPD and CG-MER 

indicated heightened interest in increasing preparedness for responding to dielectric fluid spills from 

offshore wind energy facilities or wind farms. 

In 2022, an Executive Order called for a target capacity of 30 gigawatts of power generation from offshore 

wind energy facilities by 2030 in its push for transition to a more sustainable and environmentally friendly 

energy sector (The White House, 2022). Each modern wind turbine can generate approximately eight 

megawatts of electricity. To achieve the 30-gigawatt goal, the U.S. would need to install thousands of wind 

energy facilities along the U.S. coastlines. The number of planned offshore wind energy projects continues 

to grow and increases the possibility that an assortment of fluids and oils, including dielectric fluids, may 

spill and adversely impact the marine environment.  

Dielectric fluids typically have low to medium viscosities, high thermal stability, and are non-reactive. 

These fluids are used in high voltage situations to provide lubrication, electrical insulation, cooling, and 

electrical arcing suppression. Dielectric fluids are used in high voltage situations (Aakre, Torbjørn, & 

Hestad, 2016) and tend to have higher flash points, high thermal conductivities, and higher stabilities 

(Stockton, et al., 2009) than typical crude oils.  

A recent review of preliminary Oil Spill Response Plans (OSRPs) specified electrical service platforms 

(Offshore Sub-stations) with total oil capacities up to 257,000 gallons, including main power transformers, 

auxiliary/earthing transformers, reactors, diesel storage tanks, and diesel engines (Buschang, et al., 2024). If 

a significant containment failure occurred, a large amount of dielectric fluid could enter the environment. 

Offshore installations include oil skimmers in their ORSPs.  

Generally, drum and disc skimmers are suitable for recovery of low and medium viscosity oils. Responders 

can also use weir skimmers but they typically recover large volumes of water, which can be problematic if 

storage is limited. Brush and filter belt skimmers are effective in recovering higher viscosity fluids (ASTM 

International, 2020). ASTM F726-17, “Standard Test Method for Sorbent Performance of Adsorbents for 
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Use on Crude Oil and Related Spills,” includes Table 1 that shows ranges of dynamic viscosity and density 

associated with light, medium, heavy and weathered oils (ASTM International, 2017).  

Table 1. Dynamic viscosity and density ranges for light, medium, heavy and weathered oil types from 

ASTM F726-17 (ASTM International, 2017). 

Oil Type Dynamic Viscosity Range (mPa·s) Density Range (g/cm3) 

Light 1 to 10 0.820 to 0.870 

Medium 200 to 400 0.860 to 0.970 

Heavy 1,500 to 2,500 0.930 to 1.000 

Weathered 8,000 to 10,000 0.930 to 1.000 

 

Before this experiment, there was no data proving that existing oil skimmers can effectively recover 

dielectric fluids or if they are suitable choices as mechanical response options for FOSCs during dielectric 

fluid spills. Since dielectric fluids have low to medium viscosities and are made up of different 

compositions than crude or refined oil, USCG and BSEE were interested in learning how effective existing 

oil skimmers would be in recovering fresh dielectric fluids. 

To address this knowledge gap, RDC and BSEE OSPD developed a systemic evaluation of four skimmers 

recovering two types of dielectric fluids in seawater. Evaluation results will give FOSCs and other spill 

responders an advantage in determining the most effective response options for dielectric fluids spills.  

2 PURPOSE, EXPERIMENTAL SETUP, AND EVALUATION METHODS 

The RDC and BSEE OSPD team executed a series of experiments at Ohmsett’s main tank from 10-31 

October 2023. Water in Ohmsett’s main tank had a salinity value of approximately 30 parts per thousand 

(ppt) during the tests. The team divided the evaluation into two separate test procedures– one for stationary 

skimmers and the other for advancing skimmers. For stationary skimmers, the RDC and BSEE OSPD team 

used ASTM F2709-19, “Standard Test Method for Determining a Measured Nameplate Recovery Rate of 

Stationary Oil Skimmer Systems,” (ASTM International, 2019) as guidance to determine the skimmers’ oil 

recovery rates (ORR) and recovery efficiencies (RE). The team did not strictly adhere to the procedures in 

the standard, as the goal was not to determine each skimmer’s nameplate recovery rate (NRR) with 

dielectric fluids. BSEE and members from the ASTM subcommittee F20 on Hazardous Substances and Oil 

Spill Response are currently developing a test method to determine the NRR for advancing skimmers; the 

team also used this methodology as guidance to evaluate the advancing skimmers. The two test approaches 

allowed the team to collect the skimmers’ REs, ORRs, and throughput efficiencies (TEs). Section 2.3 

discusses both evaluation methods in further detail. 

In discussions with BSEE OSPD and Oil Spill Removal Organization (OSRO) representatives prior to the 

evaluation, the team learned that Midel 7131, a synthetic ester dielectric fluid, and HyVolt II NG 

Naphthenic, a petroleum/mineral oil commonly used as transformer oil, were two of the most common types 

of fluids proposed for use in the developing offshore wind facilities. The RDC and BSEE OSPD team also 

elected to test the skimmers with Hydrocal 100, a refined oil with viscosity similar to that of the other two 

dielectric fluids. Each test fluid’s safety data sheet is provided as 8APPENDIX A. 
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Hydrocal 100 served as control and was a good point of comparison in the skimmers’ performance with the 

other two dielectric fluids. Due to limited supply of Hydrocal 100 and dielectric fluids, the team needed to 

reuse fluids for the advancing skimmers that had been used previously for the stationary skimmer tests. 

They were designated as “used” fluids. Table 2 summarizes the viscosities as measured by the project team 

for each test fluid, new and used, at 20 ℃. The team collected several samples of each test fluid, fresh and 

used, over multiple days and averaged the viscosity values (see 8APPENDIX B). 

Table 2. Average viscosities (at 20 ℃) of dielectric fluids and control oil (fresh and used) as measured by 

the project team. 

Test Fluid Dynamic Viscosity (mPa·s), Fresh Dynamic Viscosity (mPa·s), Used 

HyVolt II NG (dielectric fluid) 18.6 20.0 

Hydrocal 100 (refined oil) 64.0 65.1 

Midel 7131 (dielectric fluid) 72.8 55.1 

 

Although Table 1 does not indicate temperature associated with viscosity values, viscosity values in Table 2 

show that test fluids, both fresh and used, lie between viscosity values for light and medium oil albeit closer 

to light oil.  

The project team dyed all three fluids to enhance their visibility for test purposes (Figure 1). 

 

Figure 1. All test fluids had dye added to enhance visibility, with left container showing no dye added and 

the right with dye. Top left: Hydrocal 100. Top right: HyVolt II NG. Bottom: Midel 7131. 
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2.1 Purpose of Skimmer Evaluation with Dielectric Fluids 

The primary purpose of this effort was to provide performance data about how a skimmer might perform 

with dielectric fluids in calm conditions for FOSCs and spill responders. RDC and BSEE OSPD designed 

the experiments to determine the following characteristics of each skimmer with the three test fluids 

described above: 

• Oil recovery rate (ORR)1: The volume of oil/test fluid recovered by the skimmer per unit of time 

(gallons per minute, gpm). 

 

𝑂𝑅𝑅 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑖𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑

𝑇𝑖𝑚𝑒
 

 

• Recovery efficiency (RE): The ratio, expressed as a percentage, of the volume of oil/test fluid 

recovered to the total volume of fluids recovered by the skimmer.  

 

𝑅𝐸 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑖𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑𝑠
 𝑥 100% 

 

• Throughput efficiency (TE): The ratio, expressed as a percentage, of the volume of oil/test fluid 

recovered to the volume of oil encountered. Note: TE applies to advancing skimmers only. 

 

𝑇𝐸 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑜𝑖𝑙

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑒𝑑 𝑜𝑖𝑙
 𝑥 100% 

 

ORR, RE, and TE values are performance benchmarks for skimming systems and can be used as points of 

comparison between skimmers. The ASTM standard F2709-19 for testing stationary skimmers includes 

measuring ORR and RE performance metrics, which allows for consistent, repeatable evaluations of a 

skimmer’s performance when recovering a thick slick of oil. Spill responders understand and rely on ORR 

and RE values when considering skimmers for oil spill incidents. The advancing skimmer evaluation 

methodology exposes a skimmer to a volumetric rate of oil that is based on its tow speed and swath width, 

and provides ORR, RE, and TE data. For advancing skimmers, TE is another performance metric of interest. 

All skimmers require well-trained operators that can adjust settings according to the oil type and 

environmental conditions to maximize the skimmer’s performance. Ideally, responders would operate 

skimmers at settings to maximize the ORR. However, depending on factors such as oil viscosity and slick 

thickness, increasing pump rate or skimmer rotational speed may increase water intake, which would 

decrease the skimmer’s recovery efficiency (i.e., decreasing the RE value). In most spill scenarios, because 

of limited storage for recovered oil, operators seek to maximize oil volume and minimize water volume. 

While decreasing the rotational speed may improve RE, it may also decrease ORR, which would increase 

the time required to complete the collection operation. To achieve a balance between RE and ORR 

maximization, operators rely on their skills from training and previous experience with skimmers. 

 
1 Although the project team tested with dielectric fluids, it opted to retain the label “Oil” Recovery Rate (ORR) for the purpose of 

consistency and familiarity. 
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2.2 Skimmer Selection Process 

RDC, BSEE OSPD, and CG-MER reviewed draft OSRPs from the offshore wind facilities and met with 

OSRO representatives to discuss what skimmers were identified for potential use in these OSRPs. It is 

important to note, however, that many of the OSRPs reviewed were in preliminary stages, and many did not 

specify OSROs or equipment that might be used. The RDC and BSEE OSPD team chose four skimmer 

systems because they either were called out for use in OSRPs or were representative of the type of skimmer 

technology that might be employed. The four skimmers included three different skimmer types – two disc 

skimmers, a brush skimmer, and a filter belt (also called sorbent belt) skimmer. They included: 

• Crucial Model C-Disc 13/24 coated disc skimmer, commonly referred to as a “fuzzy” disc skimmer; 

• Lamor MultiMax 50 brush skimmer;2 

• Marco FilterBelt skimmer (with Kvichak vessel); and 

• Elastec X30 grooved disc skimmer (with Kvichak vessel).3 

 

Disc skimmers (both “fuzzy” and grooved disc) are typically applicable to low and medium viscosity oils 

(ASTM International, 2020) and can have recovery efficiencies of 95% (El-Gayar, Khodary, Abdel-Aziz, & 

Khalil, 2021) when recovering medium crude oil (~381 mPa·s) in stationary conditions. However, it is 

important to understand that most skimmer evaluations are conducted in controlled, optimal environments 

where there is little or no wave action and in a thick layer of oil. In real world conditions with thinner oil 

layers and likely emulsified oil, responders can expect lower ORR and RE. 

The BSEE-owned Crucial disc skimmer (Figure 2) uses oleophilic discs covered with small fibers for 

enhanced recovery. The fibers on the discs help to increase the surface area, allowing for improved oil 

recovery when compared to a standard disc skimmer. These "fuzzy-disc” skimmers are found in OSRO 

inventories in various configurations of disc diameter and number of discs. The project team was familiar 

with this skimmer and operated it without manufacturer assistance. 

 

Figure 2. Crucial disc skimmer operating in Ohmsett’s main tank with Hydrocal 100. 

 
2 BSEE owns both the Crucial disc skimmer and Lamor MultiMax 50 brush skimmer. 
3 The team identified Marco FilterBelt and Elastec X30 skimmers through market research. Elastec owns both skimmers and 

consented to Ohmsett test data about both products being published in a public report through a Statement of Work between RDC 

and Elastec. 
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The BSEE-owned Lamor MultiMax 50 (LAM 50) (Figure 3) is a free-floating oleophilic brush skimmer 

designed to recover oil in both fresh and salt water. The ability to operate in a broad range of environmental 

conditions has made the LAM 50 a popular option when responding to conventional oil spills. The LAM 50 

has 3 rows of oleophilic brushes that can rotate in two directions depending on the fluid to be recovered.  

 

Figure 3. Lamor MultiMax 50 brush skimmer on Ohmsett’s deck. 

Brush skimmers are typically applicable for recovery of medium and high viscosity oils (ASTM 

International, 2020). In a 2007 Bureau Veritas test conducted with the Lamor brush skimmer using 

intermediate fuel oil and bitumen (very heavy oil with a dynamic viscosity of 1,250,215 mPa·s at 15.2 ℃), 

results indicate good recovery efficiency with low free-water collection volume (Energy & Process Finland, 

2008). Brush skimmers are typically less effective with low viscosity fluids compared to other skimmer 

types because this fluid type does not adhere to the brushes as well when lifted out of the water. Much of it 

drips back onto the water surface before it can be scraped off. However, this particular skimmer was 

selected for testing due to the presence of Lamor brush systems in OSRO inventories.  

Lamor provided their standard short brushes used in most skimming operations and their “alternate” 

brushes, which are longer and denser (Figure 4). Lamor designed the alternate brushes specifically for 

recovering lower viscosity oils or fluids. Although this brush set was not included in the original test plan, 

the team elected to experiment with it in limited test runs to determine if its use affected ORR and RE. 

Lamor representatives were present on-site to assist with brush skimmer configuration and operation. 
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Figure 4. Two different Lamor brushes used for experiments. Left: Alternate (long/dense) brush. Right: 

Standard short brush typically used in most Lamor brush-skimming operations. 

The team secured a Kvichak Marine Industries oil skimming vessel owned by Elastec for the advancing 

skimmer tests. It incorporates two interchangeable skimmer units including a Marco FilterBelt skimmer and 

an Elastec X30 grooved disc skimmer (Figure 5). During a spill response, the vessel advances through a 

slick with the fluid entering between guide booms and is recovered by the integrated skimmer. Kvichak oil 

skimming vessels equipped with the Marco FilterBelt skimmer are in inventories of multiple OSROs and 

were identified for use in at least one preliminary OSRP.  

The use of Elastec’s vessel provided an opportunity to test both the Marco FilterBelt skimmer and the 

Elastec-designed X30 grooved disc skimmer. Sorbent belt skimmers like the Marco FilterBelt are more 

applicable to the recovery of medium and high viscosity fluids (ASTM International, 2020); the project 

team anticipated that the grooved disc skimmer would perform well with the recovery of the low viscosity 

test fluids. Elastec personnel conducted the test runs under RDC and BSEE OSPD’s oversight because of 

their lengthy experience with the vessel and operation of the two skimmers. The project team had limited 

experience working with the Marco FilterBelt skimmer, especially with installing and replacing filtering 

“pads” on the belt. 

 

Figure 5. Elastec's Kvichak vessel in Ohmsett’s main tank, rigged to the north bridge. 
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Elastec manufactures many types of interchangeable, attachable filtering “pads” that allow the Marco 

FilterBelt skimmer (Figure 6) to adapt to the different oil viscosities to improve skimmer’s ORR and RE. 

Although there were several different types to choose from, RDC and BSEE OSPD agreed to purchase 

“sheen” filtering pads as Elastec recommended, which were designed to recover oil sheens and very light 

oils because all test fluids had low viscosity (Figure 7).  

 

Figure 6. Elastec’s Kvichak vessel equipped with Marco FilterBelt skimmer. 

  

Figure 7. Up-close view of the Marco filter backing belt and sheen pad used for the tests (Elastec, n.d.b). 

Elastec developed the grooved disc skimmer technology (Figure 8) for the Wendy Schmidt Oil Cleanup X 

CHALLENGE that Ohmsett hosted in 2011 (Beckwith, 2011). The X30 skimmer has small grooves on the 

sides of each disc, allowing for additional surface area to collect oil. These grooves allow the low-viscosity 

oils to develop additional cohesive force, resulting in the skimmer achieving an average RE of 90% with 

Hydrocal 300, which has an average viscosity of 199.7 mPa·s at 20 °C (Elastec, n.d.a). 
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Figure 8. Elastec’s X30 grooved disc skimmer on Ohmsett’s deck. 

2.3 Evaluation Methods 

2.3.1 Determining Oil Recovery Rate and Recovery Efficiency for Stationary Skimmers 

The RDC and BSEE OSPD team used ASTM F2709-19 as guidance to determine the ORR and RE for each 

stationary skimmer, the Crucial disc skimmer and the Lamor MultiMax 50 brush skimmer. The team elected 

to follow the standard requiring the test area dimensions to be at least three times the length and width of the 

skimmer to be evaluated, so the skimmer can float freely and stay clear of tank walls. The project team 

tethered each skimmer to float in the center of the test area and attached the discharge hose to their recovery 

tanks on the north bridge (Figure 9).  

 

Figure 9. Containment area for stationary skimmer tests. 
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The LAM 50 is the larger of the two skimmers at approximately 71 in x 56 in, so the test area needed to be 

at least 17.75 ft x 14 ft. However, Ohmsett increased the area to 18 ft x 16 ft to accommodate their sectional 

boom lengths. The project team then filled the test area from an oil tank on Ohmsett’s main traversing 

bridge with the standard-suggested 3 in (75 mm) of test fluid (approximately 539 gallons). The team 

recorded test fluid and water temperatures with instruments inside and around the test area.  

The stationary skimmer evaluation began with several “optimization” runs with the goal of achieving 

maximum oil recovery rate (ORR) while maintaining a recovery efficiency (RE) of at least 70%. This 70% 

value comes from the standard indicating that a stationary skimmer system shall have a minimum RE of 

70% or the test run will not be valid for determining its nameplate recovery rate (NRR). It is important to 

note that since the purpose of the experiment was not to determine the skimmer’s official NRR but to 

measure performance data with dielectric fluids, failing to meet the minimum RE of 70% did not 

“disqualify” a skimmer. 

These runs provided an opportunity for the skimmer operator to become accustomed to the test fluid and 

determine which skimmer settings, such as rotational speed or discharge pump rate, should be used to 

achieve maximum ORR and RE.  

During each optimization run, the project team discharged the recovered oil and water to one of the eight 

collection tanks on the north bridge. Once the skimmer recovered approximately one inch of the test fluid 

layer, the team ceased the skimming operation, recorded the total volume of fluids in the collection tank, 

and then allowed it to settle for a minimum of 30 minutes. After this time, the team decanted the free water 

and then recorded the volume of the remaining fluids. They then collected a sample of this fluid for lab 

analysis (using a centrifuge) to determine its remaining water content (Figure 10).  

 

Figure 10. Using a centrifuge in Ohmsett’s chemistry lab to determine a sample’s water content. 
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With the water content known, the team could then determine the skimmer’s RE from the optimization run. 

If above 70%, the team proceeded to execute three test runs with the same skimmer settings. If below, the 

team adjusted the skimmer’s rotational speed or discharge pump rate and then repeated the optimization run. 

The team agreed to include the optimization run as the first of the three official test runs if and only if the 

results were determined to be acceptable and no changes were made to skimmer settings or test parameters. 

After each run, the team added new test fluid from the main bridge oil tank to the existing test fluid in the 

test area, returning to the standard 3-in thickness. The volume of the new test fluid replaced the volume of 

test fluid the skimmer recovered in the previous run. 

After completing three official runs with one skimmer in a test fluid, the team switched out the skimmer and 

repeated the test procedure with the same test fluid. After the project team evaluated both skimmers with 

one test fluid, the team emptied the main bridge oil tank, refilled it with the next fluid and then repeated 

three runs with both skimmers. The team started with Hydrocal 100, moved on to HyVolt II NG, and then 

finished with Midel 7131. In total, the team executed 38 stationary test runs: 13 tests with the Crucial 

skimmer, 17 tests with the Lamor standard brushes, and eight tests with the Lamor alternate brushes 

(Coolbaugh, 2024). 

2.3.2 Determining Oil Recovery Rate, Recovery Efficiency, and Throughput Efficiency for 

Advancing Skimmers 

The project team tested the advancing skimmers using a test methodology recently developed by BSEE 

OSPD and members of the ASTM F20 committee. This test method is designed to assess an advancing 

skimmer’s ORR, RE, and TE when encountering a minimum slick thickness of 0.1 inch (2.5 mm)4. To 

achieve the 0.1-inch slick thickness, oil is dispensed ahead of the skimmer at a rate based on the system’s 

swath width and advancing speed (oil dispense rate). The test method is designed to provide performance 

metrics that can be used as inputs to the Estimated Recovery System Potential (ERSP) calculator5 developed 

by BSEE and Genwest in 2012-2016 for offshore spills (Genwest Systems, Inc., 2012). 

TE is a performance metric applied only to advancing skimmer systems and is designed to indicate the 

efficiency of a skimmer system in recovering all the oil it encounters as it advances through an oil slick. Due 

to the wide variety of advancing skimmer configurations, data collection methods to assess TE performance 

can be unique from skimmer to skimmer; it can be a challenging metric to assess accurately.  

The two advancing skimmer systems tested were the Marco FilterBelt skimmer and the Elastec X30 

grooved disc skimmer. Both skimmers were tested using the Kvichak vessel as a platform. The skimmers 

were fitted into the specialized slot on the bow of the Kvichak vessel. Using a crane, the team positioned 

Elastec’s Kvichak vessel in the center of the main tank between the movable main and north bridges and 

tethered the vessel’s stern to the north bridge with the bow facing southward. Test personnel were able to 

board the vessel via the north bridge. At the vessel’s bow, the team attached the two 14-inch-high, 30-foot-

long guide booms to the main bridge to create a 25-ft swath width and hung the test fluid distribution hose 

from the main bridge crane above the water surface and centered in front of the skimmer intake (Figure 11).  

 
4 The minimum slick thickness (0.1 in or 2.5 mm) for the advancing skimmer tests is significantly less than the minimum slick 

thickness required for stationary skimmer tests as per ASTM F2709-19 (3 in or 75 mm). 
5 Additional details on the ERSP calculator can be found at https://www.bsee.gov/what-we-do/oil-spill-preparedness/response-

system-planning-calculators 
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Figure 11. Dielectric fluid being released from a discharge pipe on the main bridge and floating towards the 

Kvichak vessel during an advancing skimmer system test. 

The team began testing with optimization runs to determine the best skimmer settings to maximize the 

ORR, RE, and TE. For each optimization run, the bridges and attached vessel began at the northern end of 

the main tank. At test start, the main bridge pulled the full guide-boom and skimmer assembly along the 

length of the main tank (approximately 560 ft) towards the southern end at 0.75 kts. The project team 

released the test fluid from the main bridge oil tank at the determined oil dispense rate through the 

distribution hose. With assistance of the main bridge, the vessel and its skimmer intake area at the bow 

moved towards the floating test fluid. The team allowed the test fluid to accumulate for a short time at the 

skimmer’s intake before commencing recovery operation (Figure 12). 

 

Figure 12. Kvichak vessel with X30 grooved disc skimmer collecting dielectric fluid after waiting for fluid 

to pool up in the intake area. 

 



  

Emerging Pollution Response Technology Evaluation: Mechanical Recovery, 
Dielectric Fluids 
 

13 
UNCLAS//Public | CG-926 RDC | Balsley, A., et al. 

Public | August 2024  

 

Once steady-state conditions were achieved, the team began timed collection of recovered fluids. This fluid 

was directed to a collection tank. The fluid collected during the steady state timed collection was used to 

calculate oil recovery rate and recovery efficiency. After the timed collection ended, the system was allowed 

to continue skimming and recovered fluid was directed to a separate collection tank. If there was remaining 

oil after the bridges stopped at the south end of the tank, the skimmer was allowed to continue collection. 

This untimed collection was necessary to ensure that the skimmer had the opportunity to recover all the 

fluid it encountered to accurately assess TE.  

After the skimmer recovered all remaining fluid, the team recorded the volume of total fluids in each 

collection tank. After a 30-minute minimum settling time, they decanted the water and measured the 

remaining fluid. The team then took a sample of the remaining fluid for lab analysis of the remaining water 

content. Again, the objective was to maximize both the ORR and RE values. If RE was found to be less than 

70%, the team altered the following variables before the next optimization run:  

• Test fluid dispense rate from distribution hose; 

• Adding a deflector nozzle to the discharge hose to reduce the velocity of oil released to minimize oil 

escaping under the boom before reaching the skimmer; 

• Skimmer’s position relative to the water surface; and 

• Skimmer rotational speed. 

 

Similar to stationary skimmer tests, once the team identified the optimal skimmer settings that resulted in 

the highest RE possible (with a minimum of 70% being the goal), it accepted the previous optimization run 

as the first “official” run, and then executed two additional test runs. After one skimmer completed the three 

runs, Elastec personnel installed and calibrated the other skimmer; skimmers were exchanged while the 

Kvichak vessel was in the main tank. When both skimmers completed their runs with one test fluid, 

Ohmsett emptied the main bridge oil tank and refilled with the next fluid and repeated the entire procedure. 

The order of test fluids was Hydrocal 100, Midel 7131, and then HyVolt II NG. In total, the team executed 

33 advancing runs with the Kvichak skimming vessel: 17 tests with the Marco FilterBelt skimmer and 16 

tests with the X30 grooved disc skimmer (Coolbaugh, 2024). 

3 RESULTS 

3.1 Skimmer Performance with Hydrocal 100 

Though not a dielectric fluid, Hydrocal 100 served as reference fluid or point of comparison to other 

dielectric fluids of similar viscosity. The project team evaluated all skimmers with fresh Hydrocal 100 

except for the X30 grooved disc skimmer, which needed to be tested with reused Hydrocal 100. Table 3 

captures all data from skimmer tests with Hydrocal 100. 
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Table 3. Skimmer performance data with Hydrocal 100. 

Skimmer Test Run 
Total Oil 

Available for 
Recovery (gal) 

Steady State 
Collection 
Time (sec) 

Total 
Recovered 
Fluids (gal) 

Total 
Recovered 

Oil (gal) 

ORR 
(gpm) 

RE (%) 

Crucial 1 539 269 177.8 158.6 35.4 89.2 

Crucial 2 539 289 180.7 169.8 35.2 93.9 

Crucial 3 539 289 180.7 165.3 34.3 91.5 

  Average         35.0 91.5 

Lamor* 1 539 371 166.2 117.3 19.0 70.6 

Lamor* 2 539 342 169.1 105.9 18.6 62.7 

Lamor* 3 539 286 169.1 112.5 23.6 66.5 

  Average         20.4 66.6 

Marco 1 73 60 39.4 20.8 20.8 52.8 

Marco 2 65 60 29.2 13.5 13.5 46.3 

Marco 3 77 60 32.1 14.3 14.3 44.7 

  Average         16.2 48.0 

Elastec X30^ 1 249 30 67.0 57.0 114.0 85.0 

Elastec X30^ 2 291 30 59.8 49.0 98.0 82.0 

Elastec X30^ 3 293 30 52.5 43.6 87.1 83.0 

  Average         99.7 83.3 

* Standard brush, 8 rotations per minute 

^ Evaluated with reused test fluid 

 

Samples of fresh and used Hydrocal 100 were almost indistinguishable with approximately 1.6% difference 

in dynamic viscosity and less than 1.0% difference in density. The average water content was 0.20% and 

0.27% for fresh and used Hydrocal 100, respectively. 

3.2 Skimmer Performance with HyVolt II NG 

The project team evaluated all skimmers with fresh HyVolt II NG except for the X30 grooved disc skimmer, 

which was evaluated with reused HyVolt II NG. The project team exhausted its available supply of fresh 

HyVolt II NG before its tests with the X30 grooved disc skimmer and reused the fluid from previous tests. It 

was not a concern with reusing this test fluid because samples of fresh and used HyVolt II NG showed very 

little difference between them in terms of dynamic viscosity, density, and percent water content. The 

average dynamic viscosity was 18.6 and 20.0 mPa·s for fresh and used HyVolt II NG (see Table 2), 

respectively, a difference of less than 10%. Density was almost equal at 0.882 g/cm3 and 0.886 g/cm3 for 

fresh and used, which amounts to less than 1% difference. The water content for both was the same at 0.1%. 

Table 4 shows all skimmer data with HyVolt II NG. Note that the project team encountered an error in 

capturing data for the first of three Crucial disc skimmer test runs with HyVolt II NG and recorded two test 

runs instead of the planned triplicate. Also note that TE data is not included in the results. The project team 

encountered several challenges that precluded accurate TE calculations. This included difficulties with 

segregating fluids recovered at the end of one test from the start of the next due to a small sump in the vessel 

itself, and some missing decant volume and fluid sampling data for the untimed fluid collection. These 
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challenges did not affect the steady state collection for ORR and RE calculations, but the project team did 

not have confidence in TE data accuracy. Note: For calculating TE, skimmer internal fluid storage needs to 

be cleared of oil between tests. In addition, the project team should develop a detailed fluid sampling plan 

prior to the tests to prevent missing data, which occurred. 

Table 4. Skimmer performance data with HyVolt II NG. 

Skimmer 
Test 
Run 

Total Oil 
Available for 

Recovery (gal) 

Steady State 
Collection Time 

(sec) 

Total 
Recovered 
Fluids (gal) 

Total 
Recovered 

Oil (gal) 

ORR 
(gpm) 

RE (%) 

Crucial 1 539 321 153.0 151.7 28.3 99.1 

Crucial 2 539 320 153.0 152.3 28.6 99.5 

  Average         28.4 99.3 

Lamor* 1 539 917 250.7 117.2 7.7 46.8 

Lamor* 2 539 806 250.7 133.0 9.9 53.0 

Lamor* 3 539 917 250.7 143.0 9.4 57.0 

  Average         9.0 52.3 

Marco 1 80 60 56.8 28.2 28.2 49.7 

Marco 2 90 60 43.7 21.4 21.4 49.0 

Marco 3 82 60 53.9 24.3 24.3 45.1 

  Average         24.7 48.0 

Elastec X30^ 1 256 30 42.3 38.1 76.2 90.1 

Elastec X30^ 2 229 30 48.1 44.3 88.6 92.1 

Elastec X30^ 3 227 30 46.6 42.0 84.0 90.1 

  Average         82.9 90.8 

* Standard brush, 8 rotations per minute 

^ Evaluated with reused test fluid 
 

At a hydraulic speed of 700 revolutions per minute (rpm) or a brush rotational speed of 8 rpm, the LAM 50 

with standard brushes had an average RE of 52.3%. Although this fell short of the targeted 70% RE 

identified in the ASTM standard, this was the best RE achievable with the brush system. 

After three runs with the standard brushes, Lamor representatives indicated that the brush skimmer might 

show improved performance with its alternate brushes, which are longer, denser and typically used for low-

viscosity oil spills. Due to limited tank test time, the project team tested the alternate brushes with HyVolt II 

NG only twice at different speeds (700 rpm or brush rotational speed of 8 rpm and 1,200 rpm or brush 

rotational speed of 14 rpm) (Table 5). Note that steady-state collection times for the alternate brush tests 

were less than two minutes where the standard brush test times were 13-15 minutes. 

Table 5. LAM 50 with alternate brushes performance data with HyVolt II NG. 

Skimmer 
Test 
Run 

Total Oil Available 
for Recovery (gal) 

Steady State 
Collection Time (sec) 

Total Recovered 
Fluids (gal) 

Total Recovered 
Oil (gal) 

ORR 
(gpm) 

RE 
(%) 

Lamor** 1 539 114 43.7 28.7 15.1 65.7 

Lamor**** 1 539 116 72.9 40.6 21.0 55.7 

** Alternate brush, 8 rotations per minute 

**** Alternate brush, 14 rotations per minute 
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Compared to the brush skimmer results with standard brushes in Table 4, the skimmer with alternate 

brushes operating at the slower speed (hydraulic speed of 700 rpm or brush rotational speed of 8 rpm) 

showed improved performance with ORR and RE. In a single test run at 700 rpm, the alternate brush 

skimmer recovered 15.1 gallons of HyVolt II NG per minute at 65.7% RE. When the operator increased the 

hydraulic speed to 1,200 rpm or brush rotational speed of 14 rpm, the ORR further increased to 21.0 gpm, 

though at a reduced RE of 55.7%. 

3.3 Skimmer Performance with Midel 7131 

The project team tested all four skimmers with Midel 7131, the final test fluid of the experiment. The 

project team conducted several test runs with the LAM 50 alternate brushes at different hydraulic speeds to 

determine if the brush skimmer would show improved ORR and RE. These additional test runs necessitated 

the reuse of Midel 7131 for the advancing tests with both the Marco FilterBelt skimmer and the X30 

grooved disc skimmer. Table 6 and *Standard brush, 8 rotations per minute 

**Alternate brush, 8 rotations per minute 

^ Evaluated with reused test fluid 

 

 

Table 7 show all skimmer data with Midel 7131. 

Table 6. Skimmer performance data with Midel 7131. 

Skimmer Test Run 
Total Oil 

Available for 
Recovery (gal) 

Steady State 
Collection 
Time (sec) 

Total 
Recovered 
Fluids (gal) 

Total 
Recovered 

Oil (gal) 
ORR (gpm) RE (%) 

Crucial 1 539 278 163.2 125.7 27.1 77.0 

Crucial 2 539 267 163.2 135.8 30.5 83.2 

Crucial 3 539 283 166.2 135.1 28.6 81.3 
 Average         28.8 80.5 

Lamor* 1 539 660 249.2 205.8 18.7 82.6 

Lamor* 2 539 456 204.1 161.9 21.3 79.4 

Lamor* 3 539 375 205.5 161.8 25.9 78.8 
 Average         22.0 80.2 

Lamor** 1 539 649 243.4 195.8 18.1 80.4 

Lamor** 2 539 507 227.4 156.6 18.5 68.9 

Lamor** 3 539 432 227.4 159.0 22.1 69.9 

  Average         19.6 73.1 

Marco^ 1 106 60 51.0 27.2 27.2 53.3 

Marco^ 2 109 60 40.8 23.3 23.3 57.2 

Marco^ 3 109 60 42.3 26.0 26.0 61.6 

  Average         25.5 57.4 

Elastec X30^ 1 239 30 67.0 65.7 131.4 98.0 

Elastec X30^ 2 229 30 67.0 66.0 132.1 98.5 

Elastec X30^ 3 240 30 64.1 62.2 124.4 97.0 

  Average         129.3 97.8 
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*Standard brush, 8 rotations per minute 

**Alternate brush, 8 rotations per minute 

^ Evaluated with reused test fluid 

 

 

Table 7. LAM 50 performance data at higher hydraulic speed with Midel 7131. 

Skimmer 
Test 
Run 

Total Oil 
Available for 

Recovery (gal) 

Steady State 
Collection 
Time (sec) 

Total 
Recovered 
Fluids (gal) 

Total 
Recovered 

Oil (gal) 

ORR 
(gpm) 

RE (%) 

Lamor*** 1 539 261 308.99 183.77 42.2 59.5 

Lamor*** 2 539 227 323.57 187.93 49.7 58.1 

  Average         46.0 58.8 

Lamor**** 1 539 289 247.78 131.16 27.2 52.9 

Lamor**** 2 539 354 308.99 171.93 29.1 55.6 

Lamor**** 3 539 344 320.65 176.67 30.8 55.1 

  Average         29.1 54.6 

*** Standard brush, 14 rotations per minute 

**** Alternate brush, 14 rotations per minute 

 

The project team conducted three test runs with the LAM 50’s standard brushes at the hydraulic speed of 

700 rpm or brush rotational speed of 8 rpm. After, the team accepted Lamor’s suggestion to test with its 

alternate brushes to compare performance. Once conducted, the team agreed to add additional data points to 

better understand the difference in brush performance for Midel 7131. It executed test runs at higher 

hydraulic speed (1,200 rpm or brush rotational speed of 14 rpm) with both brush sets.  

For the advancing skimmer system tests with the Marco FilterBelt and X30 grooved disc skimmers, the 

project team needed to reuse Midel 7131 due to the extensive testing with different brush sets for the LAM 

50. Samples of fresh Midel 7131 had an average dynamic viscosity of 72.8 mPa·s and 55.1 mPa·s (see 

Table 2) for used Midel 7131, which was approximately 28% difference. However, the density values were 

almost equal with 0.968 g/cm3 and 0.964 g/cm3 for fresh and used Midel 7131, respectively. The water 

content for fresh Midel 7131 was 0.1% and 0.3% for used. When taking all fluid properties into 

consideration, the project team accepted that fresh and used Midel 7131 were comparable although the team 

acknowledges the difference in dynamic viscosity. 

4 DISCUSSION AND ANALYSIS 

4.1 Oil Recovery Rate and Recovery Efficiency for Stationary Skimmers 

Figure 13 shows the average ORR for both the Crucial disc skimmer and the LAM 50 with the standard 

brushes at 700 rpm. 
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Figure 13. Oil recovery rate for stationary skimmers with all test fluids. 

When testing the Crucial disc skimmer with HyVolt II NG, the team accepted two collection runs instead of 

three due to erroneous record keeping (see Table 4 for additional details about number of runs for each 

skimmer). The Crucial disc skimmer showed the highest ORR with Hydrocal 100 (control fluid) at 35.0 

gpm but its recovery rate with both dielectric fluids was similar, 28.4 gpm with HyVolt II NG and 28.8 gpm 

with Midel 7131.  

The primary “skimmer setting” with the LAM 50 was the standard brush set at 700 rpm and the team 

executed triplicates with all test fluids at this setting. The project team did not execute triplicates for 

different settings (e.g., brush type and hydraulic speed) with different test fluids since additional settings 

were not part of the original test plan. With the LAM 50 operating at 700 rpm with the standard brushes, its 

ORR and RE (Figure 14) appeared to be dependent on test fluid viscosity. As test fluid viscosity increased, 

so did its ORR and RE. Hydrocal 100’s dynamic viscosity was in the middle of the three fluids and was also 

in the middle in terms of average ORR and RE. However, the ORRs for Hydrocal 100 and Midel 7131 were 

more similar to each other than the ORRs for Hydrocal 100 and HyVolt II NG. With HyVolt II NG, the 

LAM 50 had the lowest ORR at 9.0 gpm. The ORR was 20.4 and 22.0 gpm for Hydrocal 100 and Midel 

7131, respectively. It appeared that the brushes had difficulty in picking up all three low-viscosity oil. 

Figure 14 shows the average RE for both skimmers (LAM 50 with standard brushes at 700 rpm). 
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Figure 14. Recovery efficiency for stationary skimmers with all test fluids. 

The disc skimmer shows decreased RE with higher test fluid viscosity. With the lowest-viscosity test fluid, 

HyVolt II NG, the disc skimmer showed the highest RE with an average of 99.3%. With the highest-

viscosity test fluid, Midel 7131, the disc skimmer recorded the lowest RE at the average of 80.5%, a 

difference of approximately 19 percent. RE with Hydrocal 100 was in the middle with 91.5%. This finding 

may be attributed to the fact that lower-viscosity fluids have an easier time adhering to the oleophilic 

material (“fuzzy”) coating (Yan, Yongchang Jiang, & Guihua, 2023). The lower-viscosity fluids can flow 

into and adhere to the small fibers within the disc skimmer coating. The low internal resistance allows the 

HyVolt II NG to easily spread over the fibrous skin and allow most of the water to fall back to the water’s 

surface. When fluid viscosity increases, the test fluid and water begin to have trouble in separating at the 

interface, thus decreasing the skimmer’s efficiency. 

Recovery efficiency for the LAM 50 showed a steady increase across all three test fluids. With HyVolt II 

NG, its average RE was 52.3% but climbed to 66.6% with Hydrocal 100. With Midel 7131, its RE was 

80.2%, an increase of 13.6 percentage points from Hydrocal 100. Test findings are consistent with current 

knowledge that brush skimmers are more efficient with higher-viscosity oils, and they are often used in real-

world oil spills with medium to heavy crude oil. With lower-viscosity test fluids, the LAM 50 recovers 

greater amount of water. Section 4.1.1 describes test results with different brush skimmer settings in greater 

details. 
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4.1.1 Standard and Alternate Brushes for Lamor MultiMax 50 Brush Skimmer at 700 and 1,200 

rpm 

In addition to executing triplicates with all test fluids using the standard brushes operating at 700 rpm, the 

team also carried out triplicate testing with the alternate brushes at 700 and 1,200 rpm with Midel 7131. 

Since the brush skimmer showed a range of RE with both dielectric fluids, the team explored different 

skimmer settings using both the standard and alternate brushes for HyVolt II NG and Midel 7131 (Table 5 

and *Standard brush, 8 rotations per minute 

**Alternate brush, 8 rotations per minute 

^ Evaluated with reused test fluid 

 

 

Table 7). 

The team did not test the alternate brushes with Hydrocal 100 due to limited tank time and it not being part 

of the original test plan. Figure 15 shows the average ORR for all test runs, including single runs, with both 

the standard and alternate brushes. 

 

Figure 15. Oil recovery rate for LAM 50 at different settings. 

The limited test data with the alternate brushes and different hydraulic speeds did not allow the project team 

to reach any firm conclusions. The best comparison that the team can make is the ORR and RE (Figure 16) 

values for both standard and alternate brushes with Midel 7131 at 700 rpm since it executed triplicates of 

each brush set. With the standard brushes, the ORR with Midel 7131 was 22.0 gpm but with the alternate 

brushes, the ORR dropped slightly to 19.6 gpm. The team conducted additional test runs with both brushes 

at a higher hydraulic speed of 1,200 rpm to determine if ORR may be significantly improved while 

maintaining the RE. 
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The team executed another triplicate with the alternate brushes using Midel 7131 at 1,200 rpm but could 

only do two runs using the standard brushes at the same speed. The ORR for both brush sets at the higher 

hydraulic speed was higher than that at 700 rpm (46.0 gpm to 22.0 gpm for standard and 29.1 gpm to 19.6 

gpm for alternate). At 1,200 rpm, the alternate brushes showed much lower ORR than the standard brushes 

(29.1 gpm to 46.0 gpm). 

The team executed single test runs with the alternate brushes with HyVolt II NG at 700 and 1,200 rpm. This 

limited data at 700 rpm show the alternate brushes had a greater ORR compared to the standard brushes 

(15.1 gpm to 9.0 gpm). The team did not test the standard brushes at 1,200 rpm with HyVolt II NG, so a 

comparison can only be made between the alternate brushes at 700 and 1,200 rpm. At 1,200 rpm with the 

alternate brushes with HyVolt II NG, the ORR was 21.0 gpm. 

Figure 16 shows the average RE for all test runs with both the standard and alternate brushes. 

 

Figure 16. Recovery efficiency for LAM 50 at different settings. 

As was the case with the ORR, there was a similar drop in RE for Midel 7131 between the standard and 

alternate brushes, with the standard having 80.2% and the alternate at 73.1%. When the team increased the 

hydraulic speed to 1,200, the RE for both brush sets was lower than that at 700 rpm (58.8% to 80.2% for 

standard and 54.6% to 73.1% for alternate). At 1,200 rpm, the alternate brushes had slightly less RE than the 

standard brushes (54.6% to 58.8%). 

For alternate brushes with HyVolt II NG, data indicate there was greater RE at 700 rpm compared to the 

standard brushes (65.7% to 52.3%). At 1,200 rpm with the alternate brushes, the RE was 55.7%. 
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Both ORR and RE numbers for the alternate brushes are higher with Midel 7131 than HyVolt II NG except 

for the RE at 1,200 rpm. However, the team is unable to draw conclusions due to limited test runs with the 

alternate brushes with HyVolt II NG. 

4.2 Oil Recovery Rate and Recovery Efficiency for Advancing Skimmers 

Elastec representatives were present for all advancing-mode skimmer tests due to their extensive experience 

operating both the Marco FilterBelt skimmer and the Elastec X30 grooved disc skimmer on the Kvichak 

vessel. Since filter belt skimmers are not normally used for low-viscosity oil and this filter belt skimmer 

frequently experienced low RE (<70%), it required several optimization runs to ensure the highest ORR and 

RE possible.  

Figure 17 shows the average ORR for both the Marco FilterBelt skimmer and the Elastec X30 grooved disc 

skimmer installed on Elastec’s Kvichak vessel. 

 

Figure 17. Oil recovery rate for advancing skimmers with all test fluids. 

Of the three test fluids, the Marco FilterBelt skimmer had the lowest ORR with Hydrocal 100 at 16.2 gpm. 

However, its ORR was higher for HyVolt II NG and Midel 7131, with both numbers being similar to each 

other - 24.7 gpm for HyVolt II NG and 25.5 gpm for Midel 7131. Note that the team discharged used Midel 

7131 for its test runs with the FilterBelt skimmer. 

There was limited supply of each test fluid and the Elastec X30 grooved disc skimmer was the last skimmer 

tested; this necessitated the reuse of each test fluid for this skimmer. As shown in Table 2, the dynamic 

viscosity of each fresh and used test fluid was similar except for Midel 7131. The dynamic viscosity of used 
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Midel 7131 was approximately 24% lower. With this caveat, there appears to be a correlation for the X30 

grooved disc skimmer between ORR and the three test fluids’ viscosities. With HyVolt II NG, the ORR was 

82.9 gpm for HyVolt II NG, increased to 99.7 gpm for Hydrocal 100, and then increased again to 129.3 gpm 

for used Midel 7131.  

Figure 18 shows the average RE for both the Marco FilterBelt and Elastec X30 skimmers. 

 

Figure 18. Recovery efficiency for advancing skimmers with all test fluids. 

The Marco FilterBelt skimmer’s RE for both HyVolt II NG and Hydrocal 100 was the same at 48.0% but 

improved to 57.4% for Midel 7131. The X30 grooved disc skimmer showed improved RE with the two 

dielectric fluids compared to Hydrocal 100, with used Midel 7131 showing the highest RE of the three test 

fluids. With HyVolt II NG, the skimmer recorded a RE of 90.8% but decreased to 83.3% for Hydrocal 100. 

However, the skimmer performed the best with used Midel 7131 with an average RE of 97.8%.  

Elastec representatives needed to replace the sheen pads on the Marco FilterBelt skimmer three times during 

the experiments due to wear and tear (Figure 19). 
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Figure 19. Damaged sheen pads on the Marco FilterBelt skimmer due to wear and tear. 

Elastec representatives faced the challenge of trying to increase the belt speed so that the skimmer’s ORR 

would improve, but slow enough to avoid excessive pad shredding. There is no evidence that the dielectric 

fluids increased or decreased the amount of wear and tear the sheen pads experienced. The pads have a 

limited life span during recovery and are meant to be changed out. 

5 CONCLUSIONS 

The project team evaluated four oil skimmers on three test fluids – two dielectric fluids and one refined oil, 

which served as a control. In calm, test conditions, two disc skimmers designed to recover low-viscosity oils 

recovered dielectric fluids at a higher rate and more efficiently than a brush skimmer or a filter belt skimmer 

designed for higher-viscosity oils. 

RDC and BSEE OSPD do not anticipate a need to develop a new class of skimmers specifically to recover 

dielectric fluids; skimmers capable of recovering low-viscosity oils can recover dielectric fluids as well. It is 

important to note that all test runs executed at Ohmsett were in calm water with fresh or once-used dielectric 

fluids. Like any other oil skimming operations, fluid weathering and sea state will affect recovery rates and 

efficiencies. This puts additional emphasis on the importance of operator training and experience when 

working with oil skimmers and low-viscosity fluids such as dielectric fluids. 

5.1 Crucial “Fuzzy” Disc Skimmer 

• The Crucial disc skimmer’s recovery rate for both dielectric fluids was similar, but lower than for 

the light oil as a control. 
• This skimmer showed very high RE of HyVolt II NG, and somewhat lower, but still acceptable 

efficiency for recovering the higher-viscosity Midel 7131. The oleophilic material on the disc 

skimmer may show preference for fluids of low viscosity. 
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5.2 Lamor MultiMax 50 Brush Skimmer 

• The LAM 50 had difficulty picking up all three test fluids, with best recovery rate for the higher-

viscosity Midel 7131. 
• This skimmer’s RE was also greatest with the higher-viscosity Midel 7131, and not so acceptable for 

the HyVolt II NG. This indicates the brush skimmer may be sensitive to the dielectric fluid’s 

viscosity, and may be effective in spill scenarios with higher-viscosity dielectric fluids. 
• Limited test runs with the Lamor alternate brushes and did not provide enough data to determine 

performance with the alternate brush set and other test fluids. 

5.3 Marco FilterBelt Skimmer 

• The Marco FilterBelt skimmer had a low recovery rate for the dielectrics, and even lower for the 

control oil. 
• RE was below 70% for the two dielectrics and the control oil, but highest for higher-viscosity Midel 

7131. 

5.4 Elastec X30 Grooved Disc Skimmer 

• The Elastec X30 grooved disc skimmer had highest recovery rate on Midel 7131, the higher-

viscosity dielectric. 

• This skimmer showed higher RE with the two dielectrics compared to the control oil.  

6 RECOMMENDATIONS 

RDC and BSEE OSPD recommend that oil spill responders use existing oil skimmers already proven to 

demonstrate good performance with low-viscosity oils (e.g., light refined or light crude oils) for dielectric 

fluid spills. Oil spill responders should plan to use oil skimmers that are designed for low viscosity fluids 

such as oleophilic disc and brush skimmers and avoid the use of oil skimmers that are known to work well 

with medium-to-high viscosity oils such as rope mop, filterbelt, and certain types of brush skimmers such as 

those with stiff bristles equipped for heavier or more-viscous oils. 

RDC and BSEE OSPD recommend future research include testing existing oil skimmers with weathered 

dielectric fluids and in wave conditions. Throughput efficiency of advancing skimmers designed for low 

viscosity fluids should also be reevaluated. The project team could not obtain TE data due to the challenge 

of segregating fluids recovered at the end of one test from the start of the next and missing decant volume 

and fluid sampling data for the untimed fluid collection.  

RDC and BSEE OSPD recommend that independent Government evaluations of new and emerging oil spill 

response technologies continue. Through BSEE OSPD’s Testing of Oil Spill Technologies (TOST) 

initiative, RDC and the Interagency Coordinating Committee on Oil Pollution Research (ICCOPR) 

members may be able to support ongoing research. This would ensure that oil spill responders continue to 

have access to credible data about new and emerging technologies, and that response manufacturers can 

have the opportunity to improve their products based on those evaluations. 
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FOSCs and other pollution responders should use Section 7 of this report, “Guidance on Skimmer Selection 

for Recovering Dielectric Fluids for Planners and Responders”. 

7 GUIDANCE ON SKIMMER SELECTION FOR RECOVERING DIELECTRIC 

FLUIDS FOR PLANNERS AND RESPONDERS 

This FOSC guidance is based on research conducted at Ohmsett that evaluated skimmer oil recovery rate 

and recovery efficiency for three types of low-viscosity test fluids. The project team tested with two 

dielectric fluids, HyVolt II NG and Midel 7131. The third test fluid was Hydrocal 100, refined oil, that was 

used as control. Since the team had limited supply of each test fluid, they needed to be reused for parts of 

the evaluation. Table 8 shows the dynamic viscosity of fresh dielectric fluids as measured by the project 

team (Table 2) along with viscosity ranges of light, medium and heavy oils shown in Table 1 and mentioned 

in ASTM F726-17 (ASTM International, 2017) that spill responders are familiar with.  

Table 8. Dynamic viscosities of dielectric fluids (in italics) and crude/refined oils. 

Test Fluid Dynamic Viscosity (mPa·s) 

Light oil 1 to 10 

HyVolt II NG 19 

Hydrocal 100  64 

Midel 7131 73 

Medium oil  200 to 400 

Heavy oil 1,500 to 2,500 

 

Both types of dielectric fluids tested are among those proposed for use in the development of offshore wind 

facilities. For testing purposes, the team added dye to all test fluids to allow for easier visual observations 

during tests. If dielectric fluids are encountered during a real-world spill, they will be colorless/clear and 

difficult to discern from water. 

When recovering fresh dielectric fluid in calm water conditions, the oil skimmer’s performance (oil 

recovery rate and recovery efficiency) may be dependent on the dielectric fluid’s dynamic viscosity. The 

project team hypothesizes that oil skimmers designed for refined/crude oil of low viscosity will likely 

exhibit comparable performance for dielectric fluids of similar viscosity. 
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Table 9 summarizes the oil recovery rate and recovery efficiency values for each skimmer tested with both 

dielectric fluids. 
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Table 9. Average oil recovery rate and recovery efficiency of skimmers with test fluids tested at Ohmsett.  

Skimmer Test Fluid Oil Recovery Rate (average) Recovery Efficiency (average) 

Crucial “fuzzy” disc 

skimmer 

HyVolt II NG 28.4 gpm 99.3% 

Midel 7131 28.8 gpm 80.5% 

Lamor brush skimmer 

(standard/short brushes) 

HyVolt II NG 9.0 gpm 52.3% 

Midel 7131 22.0 gpm 80.2% 

Lamor brush skimmer 

(alternate/long and dense 

brushes) 

Midel 7131 19.6 gpm 73.1% 

Marco FilterBelt skimmer 
HyVolt II NG 24.7 gpm 48.0% 

Midel 7131 25.5 gpm 57.4% 

Elastec X30 grooved disc 

skimmer 

HyVolt II NG 82.9 gpm 90.8% 

Midel 7131 129.3 gpm 97.8% 

 

The results show that that disc skimmers, particularly the fuzzy coated and grooved disc technologies, 

showed good oil recovery rate and recovery efficiency and are recommended for use with dielectric fluid 

spills. 

The filter belt skimmer designed for higher-viscosity oils, though fitted with sheen pads, did not perform as 

well with the low-viscosity fluids dielectric fluids in testing and is not recommended for use with dielectric 

fluid spills.  

Though designed for medium-high viscosity oils, the brush skimmer’s performance showed mixed 

effectiveness between the two dielectric fluids. With higher-viscosity dielectric fluids, the brush skimmer 

may be recommended for use. With lower-viscosity dielectric fluids, the brush skimmer is not 

recommended.  

Oil skimmers’ performance in real-world spill conditions are typically degraded when compared to that of 

laboratory conditions; skimmers specifically designed for low-viscosity oil should take precedence with 

low-viscosity dielectric fluid spills. 
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APPENDIX A. TEST FLUIDS SAFETY DATA SHEETS 

A.1 Hydrocal 100 
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A.2 Midel 7131 
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A.3 HyVolt II NG 
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APPENDIX B. AVERAGE DYNAMIC VISCOSITIES FOR TEST FLUIDS 

Test Fluid Sample Dynamic Viscosity (mPa·s) 

HyVolt II NG, Fresh 

1 17.82 

2 18.71 

3 18.94 

4 18.94 

Average 18.6 

HyVolt II NG, Used 

1 19.64 

2 20.42 

Average 20.0 

Hydrocal 100, Fresh 

1 62.52 

2 65.55 

Average 64.0 

Hydrocal 100, Used 

1 65.90 

2 62.80 

3 66.60 

Average 65.1 

Midel 7131, Fresh 

1 71.76 

2 72.91 

3 73.31 

4 73.23 

Average 72.8 

Midel 7131, Used 

1 54.52 

2 58.32 

3 52.60 

Average 55.1 
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Department of the Interior (DOI) 
The Department of the Interior protects and manages the Nation's 
natural resources and cultural heritage; provides scientific and other 
information about those resources; and honors the Nation’s trust 
responsibilities or special commitments to American Indians, Alaska 
Natives, and affiliated island communities. 

 

Bureau of Safety and Environmental Enforcement (BSEE) 
The mission of the Bureau of Safety and Environmental Enforcement 
works to promote safety, protect the environment, and conserve 
resources offshore through vigorous regulatory oversight and 
enforcement. 

 BSEE Oil Spill Preparedness Program  
BSEE administers a robust Oil Spill Preparedness Program through its 
Oil Spill Preparedness Division (OSPD) to ensure owners and 
operators of offshore facilities are ready to mitigate and respond to 
substantial threats of actual oil spills that may result from their 
activities. The Program draws its mandate and purpose from the 
Federal Water Pollution Control Act of October 18, 1972, as amended, 
and the Oil Pollution Act of 1990 (October 18, 1991). It is framed by 
the regulations in 30 CFR Part 254 – Oil Spill Response Requirements 
for Facilities Located Seaward of the Coastline, and 40 CFR Part 300 
– National Oil and Hazardous Substances Pollution Contingency 
Plan. Acknowledging these authorities and their associated 
responsibilities, BSEE established the program with three primary and 
interdependent roles:  

• Preparedness Verification, 
• Oil Spill Response Research, and  
• Management of Ohmsett - the National Oil Spill Response 

Research and Renewable Energy Test Facility.  
 

The research conducted for this Program aims to improve oil spill 
response and preparedness by advancing the state of the science and 
the technologies needed for these emergencies. The research supports 
the Bureau’s needs while ensuring the highest level of scientific 
integrity by adhering to BSEE’s peer review protocols. The proposal, 
selection, research, review, collaboration, production, and 
dissemination of OSPD’s technical reports and studies follows the 
appropriate requirements and guidance such as the Federal Acquisition 
Regulation and the Department of Interior’s policies on scientific and 
scholarly conduct. 
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