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 EXECUTIVE SUMMARY 

 

The Mayor of the North Slope Borough (NSB) requested in December of 
2006 that the NSB Science Advisory Committee (SAC) undertake a review of the 
current state of oil spill response technology with respect to removal of oil in 
near-shore arctic areas during periods of transitional ice, specifically conditions 
of spring rotting fast ice, spring break-up broken ice, and fall freeze-up ice. 

 The SAC convened a panel of reviewers which met on November 10 – 12, 
2008, at the University of Alaska Fairbanks. The committee was provided with a 
letter of request for the review from the Mayor of the NSB. 

 The SAC understands the importance of oil and gas development in the 
region and the unique challenges faced in an arctic environment in the event of 
an oil spill. While the SAC is impressed by many of the efforts being made to 
improve the effectiveness and safety of oil spill response technologies in ice 
covered waters in general, it encourages these efforts to be expanded with 
specific emphasis on dealing with the challenging and unpredictable 
environmental conditions in the near-shore Beaufort Sea that restrict both access 
and response effectiveness. In ice-covered waters of northern Alaska essentially 
all response efforts and operational exercises have so far been restricted to near-
shore, mainly fast ice conditions; specifically in the “protected” region shoreward 
of the barrier islands in the central Beaufort Sea, extending from Flaxman Island 
in the east to the eastern-most of the Jones Island group in the west1. It is 
important to remember that no matter how much technology is available, spills 
are a possibility and the impacts on communities and the surrounding 
environment must be considered. Our discussions have made clear the need for 
local involvement and regular field testing of technology and tactics under a 
variety of realistic environmental conditions in order to improve safe access and 
effective response. 
  

                                                 
1  See attached map, Figure 1 
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 There were seven specific questions posed by the mayor and addressed by 
the SAC. 

1. How can North Slope oil spill responders’ safe access to oil spill sites in 
rotting and broken spring ice and in broken ice conditions be improved by 
way of existing and newly available methods? 

Efforts have been made by Alaska Clean Seas, Inc. to better understand 
their response capabilities in the Northstar environment2. To that end, response 
tactics have been developed, tested, and refined with improved ability to 
respond in instances of deteriorating spring ice and overflood in this region. The 
conditions under which current information is available are limited to the 
Northstar and Kuparuk regions and do not include all permutations of ice, 
weather, and oil spill conditions. This type of field testing/exercise should 
continue and be expanded, if possible, to other areas (either areas of specific risk 
or that present unique environmental challenges) and to include testing of new 
equipment designs. The timing of field testing and response drills should be 
targeted to include conditions (including weather) of deteriorating spring ice, 
spring break-up and fall freeze-up. Assessing how equipment and tactics 
function in various real ice scenarios is the only way to identify deficiencies and 
find solutions to problems.  Field testing and response drills should be an 
ongoing process so that they are not just designed to identify problems but to 
incorporate and test improvements in both equipment and tactics. 

Airboats have been found to be the most effective vehicles at hand to 
transport equipment and manpower across ice, overflood, and open leads. 
However, moving into other areas along the coast, where potential oil spills are 
not readily accessible via roadside launch points will continue to be problematic. 
It may be important to explore the feasibility of improving infrastructure and 
creating additional access points for these vehicles. 

In addition to helicopter support, there are a number of newer 
technologies in development that might provide improved access in a number of 
ice conditions, including air cushion vehicles (ACVs), air boats, amphibious craft 
such as ARKTOS3, and lighter than air vehicles such as SkyHook4. Freeze-up 
conditions present different challenges including not only unsafe ice conditions, 
but also increased storms and darkness. The small vessels, skimmers and mini-
barges that are effective in spring conditions, are less useful in these conditions. 
There are a number of aluminum vessels that can, with contractor support, 
operate in up to six inches of ice that might be useful in some conditions. In 
addition, large ice-strengthened response vessels with skimmers designed for oil-

                                                 
2 Northstar: near-shore, man-made production facility adjacent to Prudhoe Bay oilfields and 
within the area protected by offshore barrier islands. 
3 ARKTOS: Amphibious Craft, ARKTOS Developments, Ltd., B.C. Canada.  www.arktoscraft.com 
4 SkyHook International Inc., Calgary, Alberta, Canada.  www.skyhookinternational.com 

http://www.skyhookinternational.com/
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in-ice recovery can work well into freeze-up, taking advantage of the natural 
containment provided by the ice.  

The harsh sea ice and weather conditions of spring break-up and fall 
freeze-up may restrict safe access and prevent immediate or effective response. 
There must be plans in place for alternative strategies such as tracking oil 
movement for later mitigation, potential ice mining of encapsulated oil, and 
isolated burns of oil trapped in broken ice and as it surfaces in the spring. Burns 
of this kind can be conducted at remote locations from the air, reducing the risk 
to people and vessels. Response Gap analyses should be completed for the near-
shore Beaufort Sea area to statistically analyze current response limitations. Data 
collected during training and exercises in appropriate ice and weather conditions 
should be incorporated into the Response Gap analyses as they become available. 

It is vitally important to include the knowledge of those who have lived 
and worked successfully in these challenging environments for generations. 
Inupiat life-experience with successes and failures hunting and traveling in 
challenging environmental conditions such as those that occur during the spring 
and autumn transitional periods is key to working safely and effectively during 
an oil spill. To that end, efforts should be made to find ways to incorporate this 
knowledge into response plans and activities.  

2. What opportunities exist for improving access in overflood, melting fast ice 
and broken ice in the near-shore Beaufort Sea? How can knowledge from the 
elders be incorporated here? 

Both infrastructure and equipment upgrades and expansions would 
improve access. There is insufficient port infrastructure along the Beaufort Sea 
coastline to support a large-scale oil spill response. Additional port infrastructure 
(increased access points) and equipment caches along the coast will improve 
access and expedite response. The ability to logistically access spilled oil and 
deploy either mechanical or in situ burning methods is currently limited by the 
lack of ice class vessels. There are no ice breaking vessels or ice reinforced barges 
available in the near-shore Beaufort Sea currently maintained on site. The 
existing inventory of available vessels indicates that none are designed to operate 
in conditions of over a few percent ice coverage. The response fleet should 
include ice class tugs and barges in order to extend the time frame during which 
oil spill response and response effectiveness can occur. Equipment must be 
maintained in sufficient quantity and kept close to potential spill locations, or 
ACS must demonstrate it has the logistical support to respond rapidly to a more 
distant spill location. In addition to upgrading and increasing infrastructure and 
equipment, attention should be paid to refinement of tactics using field response 
exercises in specific ice conditions and incorporating local knowledge about 
operating in various types of ice.  
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Iñupiat life-experiences and knowledge should be brought to bear in 
providing strategies for improved access. There are several successful models 
that can be integrated to facilitate effective transfer of knowledge and experience. 
These include the 2000 Barrow Sea Ice Symposium (BSSI), the Alaska Beluga 
Whale Committee (ABWC), and group and individual interviews.  The focus of 
the BSSI was to gain better understanding of the behavior of sea ice using several 
case studies to focus the discussion. The same type of case study approach could 
be valuable for a workshop designed to improve safe access and operations 
during challenging ice and weather conditions (focusing, for instance, on 
extreme events in which accidents, emergencies, loss of equipment, etc. have 
occurred during transitional periods). The ABWC, initiated by the NSB, holds 
annual meetings that are part of a continuing process of collaborative research 
and communication and have resulted in a productive and collaborative research 
program and a comanagement agreement with the National Oceanic and 
Atmospheric Administration (NOAA). In terms of incorporating elder and local 
knowledge to find ways to improve access to possible oil spills in challenging 
environmental conditions, a similar cooperative body could be developed that 
participates in and evaluates exercises and equipment testing. Interviews have 
also proven to be successful as a means of integrating local knowledge and 
experience. Ideally, both interviews and workshops should be used in 
combination – in the case of the BSSI, interviews were used for planning and 
preparing for the workshop. By combining approaches, and by making this an 
ongoing process, there is more to be gained. The most successful workshops 
(both BSSI and ABWC) involved a significant amount of planning, preparation 
and careful consideration of the goals, format and participants. Interviews with 
elders and others with extensive knowledge about ice and experience in coping 
with it can help to define and focus the format and content of the workshops. 

In addition to incorporating traditional and current local knowledge, it is 
also important to integrate affected communities into development and 
execution of response plans. The importance of developing relationships 
between agencies, industry, and citizens of the potentially affected communities 
(eg. through annual spill exercises and/or spill awareness courses) should not be 
underestimated. The SAC recommends that compensation be provided for 
information provided by elders and others in the community who can provide 
vital knowledge based on living and working in the challenging ice and weather 
conditions of the Arctic. 

A sense of shared purpose is a vital component of success. Everyone 
involved must approach the endeavor with respect and a willingness to listen 
and be responsive to other perspectives as well as a willingness to look at what 
seems familiar, in new ways. In the context of oil spill response and technology, 
acknowledging the impacts and/or shortcomings of current technologies or 
strategies, while working together to seek improvements, is vital to foster a sense 
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of trust and shared enterprise that will lead to progress. Building relationships 
through a combination of regular meetings/workshops, as well as other related 
activities (eg. training exercises, tactic/equipment assessment), should lead to 
greater success in each and will help to refine the process. 

3. What are the top priorities for research development for arctic grade oil spill 
clean-up technologies; which ones show the most promise? 

Even if the effort to prevent oil spills has high priority among the oil 
industry, it is impossible to completely remove the risk of a spill. Therefore there 
is need for research and development in spill response, particularly for the ice 
environment.   

 Fate an d behavior of oil in ice 

  Weathering processes are slower in ice-covered waters compared to open 

waters. This is likely to extend the window of opportunity for many of the 

response methods at hand. Models are being developed to predict oil 

distribution in ice and provide additional information on the interaction between 

oil, ice, and water using data collected in intentional releases of oil off the coast of 

Norway. These include meteorological and oceanographic data, ice drift and ice 

field deformation, dissolved hydrocarbons in the water column and oil droplet 

size distribution. 

Future R&D should continue to address the critical issue of spreading of oil 

on, under, between and within ice and on the development of drift trajectory 

models. Another priority should be to develop a more systematic and 

comprehensive strategy to model weathering (analogous to, or in collaboration 

with, the Oil Weathering Model (OWM) being developed by SINTEF) based on 

oil type, ice type, spill type and weather conditions (wind/wave) that are likely to 

occur in the near-shore Beaufort Sea during spring break-up and fall freeze-up. 

 Detection, monitoring and remote sensing 

Being able to locate an oil spill, to track the thickest part of a slick, to guide 

response systems in operation and to operate more effectively in bad weather or 

darkness is challenging in oil spill contingency. Therefore, systems for 

monitoring and remote sensing are very important. There are a number of 

existing technologies that can be used to detect and track oil spills. Ongoing 

studies are providing a better understanding of the potential and limitations 

with existing equipment. While there have been some promising results using 

Ground Penetrating Radar (GPR), Infrared (IR) sensors, satellite based Synthetic 

Aperture Radar (SAR), tracking buoys and trained dogs, improved tools are 

needed to measure and map oil spill thickness and to detect and map oil among 

drifting broken ice floes and encapsulated in ice.  
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While, future R&D should focus on development and testing of new 

technology including the use of Nuclear Magnetic Resonance (NMR), 

multispectral aerial sensor technology and infrared, the priority at this time 

should be to field test existing tracking technologies (eg. tracking buoys, 

overflights and radar) and newly emerging technologies in the locations and ice 

conditions of concern to the NSB. 

 Oil spill response – containment in ice 

It is generally accepted that conventional booms can be used in low ice 

concentrations (tentatively up to 20-30% ice) and that the ice will act as natural 
containment for the oil at relatively high ice concentrations. However, during 
freeze-up, conventional boom is less effective. There have been many 
developments in both traditional and fire-resistant booms (eg. Norlense and 
other high tensile strength traditional booms and Elastec/American Marine and 
AFTI Pyro Boom® fire-resistant booms).  There are several ongoing studies 
looking at the performance of traditional and fire-proof booms in various ice 
conditions.  

Future R&D should focus on the ability to separate oil from ice, or 
possibly on the development of tactics that use ice to help contain the oil. The 
priorities in this case would be to conduct more field testing of existing 
technologies in the ice conditions of concern to the NSB, to identify which types 
of boom can be effectively deployed and to determine their limitations. 

 Oil spill response – mechanical recovery 
Mechanical recovery is generally achieved by using oil skimmers. In ice 

covered waters one challenge for skimmers is their ability to deflect smaller ice 
floes and slush ice in order to have access to the oil. Some brush drum skimmer 
concepts have the potential to process ice (ie. separate ice from oil and water) 
and new developments are based on these concepts. Studies suggest that the LRB 
150 Oleophilic Brush Skimmer is the best available technology for use in ice 
(although use in the Arctic would require further winterization). Preliminary 
results showed promising capabilities from two new skimmer designs, the 
Framo and Ro-Clean Desmi “Polar Bear”, that should be further developed. 

Future R&D should focus on further developing the most promising 
skimmer concepts (rope mop and brush skimmers) and ice management tools 
(eg. MORICE) for use in the near-shore Beaufort Sea. Recovery of oil under ice 
currently uses tactics to bring the oil to the surface. There could be potential for 
development of mechanical equipment for recovery under ice, e.g. based on use 
of ROV (Remotely Operated Vehicle) technology. Again, priority should focus on 
field testing of existing technologies such as skimmers and pumps combined 
with other logistical considerations such as vessel type (deployment from ice 
breakers is not possible in the shallow near-shore Beaufort Sea), storage unit type 
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and platform design in the specific ice  conditions of concern to the NSB. More 
consideration should be given to methods and tools required to respond to a 
subsea spill.  

 Oil spill response – in situ burning 
Current research is focussed on ignitability and burnability under a 

variety of ice conditions. At higher ice concentrations (>60%) ice may act as a 
barrier that concentrates oil to ignitable thicknesses. In moderate ice conditions, 
use of chemical herding agents is being tested as a potential means to thicken an 
oil slick. At this time, the herding agents have been tested in conjunction with 
low wax Heidrun oil, resulting in a high efficiency burn (90%) in the absence of 
fire boom. The efficacy of chemical herding agents with other types of oils and 
under a variety of transitional ice conditions is still uncertain. Oil type, 
weathering and emulsification (that could potentially result from a subsea 
pipeline spill or subsea well blow out) affect ignitability and burnability and 
more research specific to potential scenarios of the near-shore Beaufort Sea, 
including tools to identify and track pools of oil that are thick enough to burn is 
required. 

Future R&D should focus on additional testing in large-scale operational 
tests, including use and efficacy of herding agents, ignition techniques (including 
weathering/emulsification/timing of burn), recovery of burn residue and 
emissions impacts. The priority should be to conduct these tests in true field 
conditions (including expected oil type and ice conditions) that are of concern to 
the NSB. Consideration should be given to the possibility of a subsea pipeline 
spill or oil well blow-out (emulsification, thinly spread over a large surface area). 
 
Research and Development Priorities 

The highest priority is to test existing technologies in the specific ice 
conditions of concern to the NSB (ie. spring break-up, deteriorating spring ice 
and fall freeze-up). This is the first step for establishing further research priorities 
and developing a systematic plan to address knowledge and technology gaps. 
There has been a lot of research aimed at developing methods that are applicable 
to the Arctic and an ice environment but, being joint projects, the conditions that 
are simulated tend to be the most globally applicable. While they provide a very 
useful base of knowledge, the applicability to the unique conditions of concern in 
the near-shore Beaufort Sea during spring and fall ice transitions (i.e., near-shore 
environment, typically shallow, extremely dynamic ice conditions, different 
types of ice, North Slope oil with specific properties, extreme weather, and 
darkness) is limited. Ideally, actual oil spill experiments and field trials, during 
seasons when sea ice is present, are needed in the near-shore Beaufort Sea, with 
appropriate oil samples to improve tactics, improve response equipment and 
train personnel. 

Other, specific, research and development priorities include: 
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 Improved tools for detecting and mapping oil among drifting broken 
ice and encapsulated in and under ice; 

 Improved tools to measure and map oil spill thickness to identify areas 
of pooled oil that may be thick enough to collect or burn. Multispectral 
aerial sensor technology and infrared detection tested in California are 
promising, however more arctic testing is needed; 

 Mechanical response tools that are effective in spring broken ice and 
fall freeze-up conditions, including improved skimmer designs, ice 
management tools and tools for handling recovered oil (eg, pumps and 
containment); 

 Methods to recover oil trapped under ice; 
 Methods and tools to respond to subsea spills; 
 

Most promising areas for research and development for arctic-grade oil spill 
clean-up technologies  

Important topics to focus on in the future include: 
 Testing of equipment and tactics in the presence of oil in order to find 

the best countermeasures and to train the people that will deal with 
the oil in the event of an oil spill. In most countries there are 
restrictions on performing experimental oil spills for R&D and training 
purposes. Finding ways to do more testing using oil should be 
investigated, either in the field or in dedicated land based facilities. 

 Improvement of modelling tools in order to predict spreading of oil in 
different ice conditions and to develop trajectory models. This includes 
detection and tracking of oil in ice. It is important to have a good 
overview of where to find the oil and to be able to predict drift and 
spreading over time. 

 Further development of mechanical recovery equipment and 
verification of its capacity in different ice scenarios. This includes 
equipment and strategies for recovery of oil trapped under ice, ice 
management (i.e. ice deflection and separation of oil and ice), 
development of more effective skimmers (i.e. oleophilic skimmers) and 
pumps (designed to pump at high viscosity). 

 
4. What are the ranges of applicability for in situ burning of oil in arctic 

conditions? What are the environmental effects of in situ burning of oil? 
What is the fate of the asphaltene ‘residue’ left behind? 

In situ burning procedures have been adapted for application in all 
seasonal arctic conditions from those of open water to the heavy ice conditions of 
winter through early summer, although there have been no actual spill responses 
that have validated the tools and techniques with oils and environmental 
conditions similar to the near-shore Beaufort Sea during freeze-up and break-up. 
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The transition of progressive freeze-up during autumn and progressive break-up 
during late spring/early summer are the most challenging because 
characteristics and features of the ice cover are in rapid flux, influenced more by 
currents and winds, and are not necessarily consistent or easily predictable.  
Freeze-up is acknowledged to be the most difficult environment in which to 
operate due to the presence of brash ice, slush, and an unstable ice platform.  

In situations when ice severely limits or prevents vessel access to areas 
containing oil, in situ burning may be the only realistic response for reducing oil 
in the marine environment. A successful in situ burn requires that the oil slick be 
sufficiently thick to allow ignition and sustained burning. This may be achieved 
with the use of fire-proof booms, natural containment among ice, or chemical 
herding agents. While fire boom may be deployed in open water and low ice 
coverage, the near-shore Beaufort Sea environment requires specific logistical 
considerations. Heavy steel fire boom is generally for use offshore, while lighter, 
fire-resistant boom is more appropriate for deployment in shallow near-shore 
waters. Oil may be ignited using hand-held igniters or, where access is difficult, 
heli-torches slung beneath a helicopter. The use of chemical herding agents has 
been shown to be effective in some cases, but variables such as temperature, 
weather, ice conditions and oil type might preclude their use. In some cases, oil 
will be encapsulated in the growing ice sheet with the intention of conducting in 
situ burns during the spring melt as it migrates through brine channels. As ice 
breaks up in the spring, operations can be conducted using small vessels or 
helicopters depending on conditions. Oil deposited on solid ice and snow can be 
pushed into large piles and ignited. This method would most likely be employed 
in more remote regions where logistical and safety concerns would limit 
mechanical recovery. 

There are numerous considerations beyond ice cover that will affect 
feasibility and effectiveness of in situ burning. Weathering and emulsification 
affect ignitability. Oil may be more difficult to ignite at low temperatures but, 
once ignition is achieved, burning will continue regardless of ambient 
temperature. Most crude oils are still burnable within 2-5 days of a spill and low 
temperatures may slow weathering, extending the potential window of 
opportunity for conducting a burn. Conversely wind and wave action may 
increase emulsification, prevent containment and/or chemical herding efforts 
and reduce ignitability.  

Proximity to people, communities, and facilities may eliminate in situ 
burning as an option. In the near-shore environment, this is of particular concern. 
In the case of an oil spill immediately adjacent to a facility/rig the most likely 
scenario would be to collect oil in a fire-boom down-wind of the structure which 
would be towed away from the structure and ignited. The distance from the 
structure would be determined based on safety considerations for both 
responders and the facility. It is considered highly unlikely that an in situ burn 
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would be conducted immediately adjacent to a facility/rig. In the case of a well 
blow-out or underwater leak, in situ burning of surfacing water would be a 
possibility provided containment and adequate slick thickness could be 
achieved.  

The main environmental effects of in situ burning of oil include direct 
temperature effects (very localized), exposure to particulates, toxicological effects 
(volatile compounds released into the air and water), and effects of burn residue 
(asphaltene). Exposure to particulates is the most well understood and is the 
basis for many of the restrictions on timing and location of in situ burns. The 
greatest threat of exposure is in the immediate vicinity of a burn – the plume 
usually rises rapidly and particulates are generally sufficiently dispersed that 
they return to the ground at low concentrations. In situ burn guidelines stipulate 
a minimum distance from know human activity in order to minimize exposure to 
particulates. However, monitoring of wind direction and particulates is essential 
and it is advisable to conduct test burns to evaluate conditions. In terms of the 
effects on wildlife, the likelihood of major exposure through breathing is fairly 
small for most species. However, if animals remain near the burn site during a 
burn there is risk of inhalation exposure and consideration should be given to the 
potential effects of exposure to birds. 

There are toxicological considerations associated with in situ burning 
(both in air and water), particularly at the air/water interface. Polynuclear 
aromatic hydrocarbons and volatile organic compounds such as benzene, 
toluene, n-hexane, and naphthalene can contribute to acute health effects, such as 
nausea and headache, at high concentrations. However, except for the immediate 
vicinity of the burn (50-100m), toxicity is relatively low, particularly in 
comparison to an untreated oil spill. It is still important to understand the 
environmental effects in order to evaluate long-term effects on marine 
organisms. Research on arctic systems, in particular, should continue. Toxicology 
is potentially affected by the type of oil, the degree of weathering, temperature 
and salinity. Most research has been done in non-arctic systems and applicability 
of results to arctic conditions may be problematic. Organisms most likely to be 
affected by in situ burning are those that use the upper layers of the water 
column, those that come into contact with residual materials and possibly 
bottom-dwelling (benthic) plants and animals. The surface microlayer is a habitat 
for many sensitive life stages of marine organisms, including eggs and larval 
stages of fish and crustaceans, and reproductive stages of other plants and 
animals. The surface microlayer frequently contains dense populations of 
microalgae, and is also a substrate for microorganisms. While this unique 
environment may be particularly vulnerable to the effects of burning, the high 
renewal rate of the surface microlayer resulting from new growth and 
replenishment from adjacent areas would likely mean that the long-term net loss 
of biomass would probably be small or non-existent. 
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While burn residue (asphaltene) is significantly less harmful in the short-
term than an untreated oil spill, any long term effects can be mitigated by 
collecting as much of the residue as possible. This is included as part of the In 
Situ Burn Guidelines and deserves attention. The window of opportunity for this 
type of mitigation is limited due to the reduced buoyancy of burned North Slope 
crude. While asphaltene residue is relatively inert, the possibility that a 
significant amount could be left in the aftermath of an oil spill requires an 
understanding of the potential long-term effects on marine communities. 
Residue that floats may pose a threat to shorelines and wildlife both through 
ingestion and fouling of fur/feathers. Sunken burn residues can affect benthic 
resources that would not otherwise be significantly impacted by a spill at the 
surface of the water. Studies of short-term toxicity on marine organisms have 
indicated little to no acute toxicity and only limited sub-lethal effects. Toxicity 
could depend on oil type and species tested, so it is important to conduct similar 
studies using oil typical of the region of concern and arctic-adapted species. It 
would also be useful to study longer term exposure since it is likely that the burn 
residue will be present in the environment for extended periods, with particular 
concern for the benthos. 

5. What are the environmental effects of herding agents and oil dispersants? 
What is the fate of the dispersant-oil mixture and how does it affect the sea 
floor/ecosystem in general? 

In some circumstances, chemical herding agents and dispersants can 
greatly increase the effectiveness of oil spill clean-up. In the right environmental 
conditions (eg. appropriate oil type, low wave and wind conditions), herding 
agents will help to create enough thickness in the oil slick to allow it to ignite and 
burn. In the right environmental conditions (eg. appropriate oil type, deep water, 
adequate mixing energy, appropriate salinity), dispersants help to create smaller 
oil droplets that can be more easily dispersed. Neither herding agents nor 
dispersants have been specifically developed for use in nearshore, ice-covered 

waters. There are insufficient human health, biologic and toxicological data to 

ensure chemical herding agent or dispersant use in the Arctic is safe. Most of the 

near-shore Beaufort Sea area water depth is too shallow for dispersant use. 
Chemical herding agents are used in fairly small quantities, sufficient to 

form a monolayer at the margin of a spill. Based on the small quantities used and 
their chemical nature (surfactants) they are presumed to have relatively low 

toxicity, however their ultimate fate in the environment is unknown. Studies 
should be undertaken to assess toxicity and other environmental effects of 
chemical herding agents (eg. potential effects on biota at the water/air interface 
such as seabirds) in nearshore Arctic waters.  

Research suggests that while first generation dispersants were in 
themselves toxic, current formulations of dispersants have relatively low toxicity 
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in the amounts generally utilized. One of the intents of dispersion is to reduce 
toxicity by rapidly reducing oil concentration in the water. Current research and 
development is focused on testing formulations that are more effective on heavy 
crude and in the cold conditions of the Arctic. One concern about using 
dispersants in various ice conditions is the need for adequate mixing of the 
dispersant and oil in order to be safe and effective. When applied in ice-covered 
waters, mixing energy will need to be provided; the current expectation is that 
mixing energy will be provided by ice-breakers, a technique that would be 
unavailable in the nearshore Beaufort Sea. There is also some question about 
how well dispersants will work in conditions of low salinity that can sometimes 
prevail in the spring and therefore further research in this area would be 
beneficial.  

Application of dispersants results initially in increased toxicity of oil – a 
result of formation of smaller oil droplets and increased bioavailability. 
However, when the dispersant is applied under appropriate conditions and is 
effective, the dispersant/oil mixture is rapidly mixed into a much greater volume 
of water, reducing concentration and exposure time by orders of magnitude, 
thereby reducing toxicity. In some cases, when tides and coastal currents provide 
sufficient energy to ensure rapid falloff in oil /dispersant concentration, 
dispersants have been used effectively in near-shore environments with little 
environmental damage. However, the environmental conditions that existed in 
such cases were markedly different from those that would exist in the near-shore 
Beaufort Sea, particularly during the conditions of concern (ie. deteriorating 
spring ice, spring broken ice and fall freeze-up). It is important to consider how 
ice cover would affect mixing energy and how ice, temperature and differences 
in salinity would affect the chemistry of the oil/dispersants and chemical 
sensitivity of arctic species present during these conditions. 

The interaction of oil and particulates in the water column can be an 
important consideration. Formation of oil-mineral aggregates (OMA), in 
particular, contribute to the removal of oil from low-energy, intertidal 
environments and mediate the movement of oil from the sea surface to the ocean 
bottom. Because OMAs are less dense than mineral aggregates and often slightly 
buoyant, the associated residual oil is kept in suspension long enough to be 
dispersed over greater areas. While there has been concern about resuspension of 
residual oil stranded within beach sediments, in reality, the increased  
dispersion, dissolution and biodegradation associated with OMAs lowers the 
concentration of toxic components to which biota are exposed. Recent results 
suggest that dispersants and particulates can have a positive synergistic effect, 
increasing the dissolved and aggregated oil concentrations in the bulk aqueous 
phase and decreasing the size of oil droplets and OMAs. This may aid in 
dispersion because oil that subsequently becomes entrained within bottom 
sediments may persist for a long time due to the slow biodegradation rates of 
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polycyclic aromatic hydrocarbons under anaerobic conditions. Again, adequate 
energy for mixing is essential to reduce the negative effects of reduced oil droplet 
size.  

Susceptibility to hydrocarbons and dispersants differ between species and 
developmental stages. Generally, embryo, larval and juvenile life stages are the 
most sensitive. Seasonality is also a consideration since the presence or absence 
of sensitive species may be seasonally dependent. In some cases, there has been 
very little effect on subsequent success of biota following exposure to dispersed 
oil (eg. following the SEA EMPRESS oil spill off the coast of South Wales), while 
in other instances, dispersed oil caused mortality of invertebrate fauna, seagrass 
beds and corals (eg. TROPICS study in Panama). It is therefore important to 
develop a good understanding of the species vulnerabilities, including seasonal 
considerations in the near-shore Beaufort Sea.  

There have been limited studies of the toxicological effects of dispersed oil 

under arctic conditions and using arctic species. The available data set is not 

sufficient regarding the toxicity of dispersed oil to the biota of the near-shore 

Beaufort Sea. In particular, controlled field experiments in addition to controlled 

laboratory studies are necessary to understand the potential effects of dispersed 

oil. There is a Joint Industry Project underway to evaluate the effects of dispersed 

oil on the cold water environments of the Beaufort and Chukchi Seas. The intent 

is to determine the biodegradation rates and toxicity of dispersed Alaska North 

Slope (ANS) crude oil to biologically sensitive and ecologically relevant arctic 

species. The choice of species and conditions for this suite of research projects 

was based on the arctic surface water ecosystem, which would be the most likely 

impacted by dispersed oil. In order to fully understand the environmental effects 

of chemically dispersed oil in the near-shore Beaufort Sea, analogous studies 

would be needed with consideration to ecologically relevant species and 

environmental conditions of the near-shore brackish water ecosystem. 
Dispersants have a great potential to help mediate the effects of oil spills, 

reducing toxicity by rapidly lowering oil concentrations. However, in order to be 
effective, adequate mixing energy is essential. This energy is typically not 
available in ice covered waters and must be supplied mechanically. Any decision 
to use dispersants should also consider seasonality and presence of vulnerable 
species. Studies of dispersant use after a variety of oil spills indicate that the 
conditions of the local ecosystem, the potential for mixing/dilution and the 
relative vulnerability of resources at risk are paramount in making the decision 
as to whether to use dispersants. These factors require greater study in the near-
shore Beaufort Sea. 
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6. What are the best ways to work flexibility into the response plans in order 
to be able to best/most effectively respond to the highly variable and 
poorly predictable arctic conditions that have been the norm over the last 
decade? 

Flexibility requires that responders have the capability and the authority 
to respond during unpredictable conditions. In this sense it is beneficial to have 
access to as many “tools in the box” as quickly as possible. At the same time it is 
vital to recognize that changing arctic conditions can give rise to unpredictable 
scenarios for which human and environmental safeguards might be in order.  

Streamlining the approval process for specific response strategies will 
increase flexibility by giving responders immediate access to available 
technologies. Where pre-approval is possible and appropriate it should be 
utilized. The pre-approval should include safeguards to account for 
human/environmental impacts that might not have been expected based on 
previous experience with extent and timing of ice. Inclusion of local knowledge 
and participation of knowledgeable community members will help to make 
approval more responsive to changing conditions. Maintaining effective lines of 
communication is also vital since decisions may be made quickly and might 
require input from a number of sources. Again, this communication should 
include knowledgeable members within and among communities, since this will 
aid in mobilizing resources and personnel. 

Appropriate infrastructure is a vital component for allowing flexibility in 
oil spill response. Port infrastructure improvements are needed along the 
Beaufort Sea coastline to support a large-scale oil spill response. Additional port 
infrastructure and equipment caches along the coastline will improve access, and 
expedite response. Understanding the capabilities, limitations, and availability of 
current and developing technologies under specific conditions is also necessary 
when planning for flexible response. Existing and newly developing technologies 
need to undergo regular systematic field testing in order to ascertain capabilities 
and limitations. These tests should be done under realistic and varied 
environmental conditions, ideally in the locations where a response is considered 
likely. It is only by assessing current capability that one can make realistic 
judgments about tactics and find solutions to technical limitations. This should 
be a dynamic process that builds on results from previous testing and involves a 
wide variety of personnel including industry, government, academia and other 
members of the community. These tests can also serve as training drills, allowing 
everyone involved to be become and remain familiar with current capabilities 
and operations and allowing a dynamic interchange of ideas. 

Existing equipment should be assessed and replaced, as appropriate with 
new, improved equipment. Some needs include skimming units that separate oil 
form ice, ice-capable open water containment boom (e.g. Norlense) and other 
high tensile strength boom, and additional equipment to improve in situ burning 
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capability such as ice class vessels and increased capacity for aircraft support 
with ignition equipment. Tools are needed to identify and track pools of oil that 
are thick enough to burn so that limited resources can be concentrated in areas 
with the greatest potential for successful in situ burning. ACS‟s tactical manual 
should be updated on a regular basis to include improvements in ice 
management and tactics that are generated with continued and regular field 
testing. 

7. How will arctic circulation (air and current) and ice changes affect oil spill 
trajectories and the dispersal of oil? 

Timing of seasonal ice transitions and extent of seasonal ice coverage in 
the Arctic are in flux.  While these changes will impact trajectories and available 
responses to oil spills, generalized climate models that address ocean and 
atmospheric circulation are of little or no use to oil-spill responders for 
immediate or short-term prediction of oil spill trajectories. However, with respect 
to oil trajectories and dispersion prediction, there are tools that can be brought to 
bear on the problem - in particular, remote sensing.  For example, spilled oil will 
tend to follow the movement of ice within a partially ice-covered (e.g. spring and 
fall) area, therefore tracking ice floes with remote sensing systems can provide 
practical information to make informed spill management decisions. 

Assuming that oil and ice flow together, there are three ways to track the 
movement using remote sensing: 
 Better utilization of the existing Barrow ground based radar  
 Integration of SAR (synthetic aperture radar) ice floe imagery into the 

existing North Slope Borough GIS system. 
 Possible integration of a HF (high frequency) radars, also known as 

CODARs. This technology is not present and would therefore have to be 
acquired. 

Studies of correlation between oil and ice floe trajectories are needed to 
quantify how much of the spilled oil remains with an identified ice floe in 
order to make full use of this approach. 
 A second question is the detection of spilled oil within a field of broken 
ice. This is separate from the question of how to track ice movement, but equally 
important. Conditions associated with fall freeze-up and spring break-up make 
interpretation of remote sensing data more difficult and more research is needed 
in this area. 

Integrating remote sensing into the existing Borough GIS would provide a 
tool that will efficiently convey to the public the situation at hand and the 
potential consequences. In addition, there exists validated operational plume 
models (e.g. ALOHA) which, coupled with the Borough GIS, can be used as a 
decision aid in the event of in situ burning. 
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The remote sensing tracking of ice floes in the absence of any spill event 
provides useful information to the subsistence hunting and fishing community 
and the Barrow commercial maritime community, as well as being useful in the 
event of a spill.  The fate of deteriorating land-fast ice during spring break-up 
(e.g., does it melt in place or further out to sea) is necessary information for oil 
spill remediation and is a research question that we recommend addressing. 
 
Oil Spill Response Recommendations for the Near-Shore Beaufort Sea in 
Spring and Fall Ice Conditions: 

1. A Response Gap analysis should be completed for the Near-shore Beaufort 

Sea area to statistically analyze current response limitations. A “Response 

Gap” is the period of time when oil spill response is not possible (or is 

rendered so inefficient as to be futile) because one or more limiting factors 

prevent an effective response. An effective response requires: the ability to 

locate and track the oil, access to the spilled oil (equipment capable of 

transporting people and equipment to the spill site and supporting the 

response operations); environmental and oil spill conditions safe enough for 

people to operate response tools; and response tools that are effective for the 

type of oil spilled and the environmental conditions encountered.  In the 

Arctic, there are a number of factors that limit response. To more thoroughly 

evaluate the response limits for the near-shore Beaufort Sea area, a Response 

Gap analysis should examine the combined impact of response limits 

identified in this report. The Response Gap analysis should identify the 

weakest link in the response chain. The analysis will provide a statistical 

assessment of the number of days that oil spill response is not possible (or is 

rendered so inefficient as to be nearly useless). 

 

2. Improved oil spill prevention methods and seasonal operating restrictions 

should be instituted during periods when oil spill response is not possible. 

Industry should continue to improve oil spill response methods, including 

improved tank containment, pipeline design, leak detection systems, overfill 

alarms, blow-out preventers, subsurface safety valves, wellhead controls, etc. 

The NSB Municipal Code seasonal drilling restrictions should continue for 

both exploration and production drilling in the near-shore Beaufort Sea. 

  

3. Port infrastructure improvements are needed along the Beaufort Sea coast 

line. There is insufficient port infrastructure along the Beaufort Sea coastline 

to support a large-scale oil spill response. Additional port infrastructure and 
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equipment caches along the coastline will improve access, and expedite 

response.  

 

4. Ice class tugs and barges must be added to the Beaufort Sea equipment 

inventory. The ability to logistically access spilled oil and use either 

mechanical or in situ burning methods, is currently limited by the lack of ice 

class vessels.  There are no ice breaking vessels or ice reinforced barges 

available in the near-shore Beaufort Sea at this time. The existing vessel 

inventory is not designed to operate in ice conditions over a few percent. The 

response fleet should include ice class tugs and barges to extend the oil spill 

response operating window and response effectiveness.   

 

5. More arctic-grade oleophilic brush skimmers should be added to the 

Beaufort Sea equipment inventory. 2008-2009 SINTEF studies in Norway 

concluded that the LRB 150 Oleophilic Brush Skimmer is the best available 

technology.  ACS reports that they have one LRB 150 skimmer in its 

inventory.  Additional LRB 150 skimmers should be purchased for the ACS 

inventory in a number sufficient to respond to the largest oil spill volume in 

the Beaufort Seas.  

 

6. Skimming units that separate oil from ice are needed for ACS inventory. A 

significant amount of ACS R&D funding was invested into developing the 

MORICE skimmer for use in higher ice concentrations but this skimmer is 

still not commercially available. SINTEF reports that other skimming units 

are commercially available and effective for separating oil from ice. ACS 

should purchase the best available units for its inventory to expand the 

response window.  

 

7. Exxon Valdez Oil Spill (EVOS) equipment in ACS’s inventory should be 

replaced with new, improved equipment. ACS’s inventory includes a 

number of pieces of EVOS equipment. This equipment is now over 20 years 

old and should be replaced with new equipment that meets a best available 

technology standard. Any EVOS equipment that is retained should be tested 

to confirm that it is suitable and capable of performing its intended function.   

 

8. Field trials and experiments should be conducted in the Beaufort Sea. 

Actual oil spill experiments and field trials are needed in the Beaufort Sea, 

with Beaufort Sea oil samples to improve tactics, improve response 

equipment and train personnel. Testing of both surface release spills and 
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subsurface released spills should be conducted.   

 

9. ACS inventory needs boom upgrades. The ACS inventory should be 

improved to include ice-capable open water containment boom (e.g. 

Norlense) and other high tensile strength boom.  

 

10. ACS’s personnel and equipment must be commensurate with its area of 

operation and responsibilities. ACS’s offshore response obligations were 

originally limited to the near-shore Beaufort Sea area due north of Prudhoe 

Bay, extending west towards Kuparuk and east towards Endicott. Today, 

ACS’s sponsors have vastly expanded to include operators and operations 

much further east, west and north. Onshore response obligations have also 

expanded. While ACS’s obligations and geographic area of responsibility has 

greatly increased, its personnel and equipment has not kept pace.  ACS 

equipment must be maintained in a sufficient quantity to support all its 

needs. Equipment must be kept close to potential spill locations, or ACS must 

demonstrate it has the logistic support to rapid place it on spill location.   

 

11. ACS’s tactic manual should be upgraded to include ice management 

equipment and tactics. Nuka Research and Planning Group, LLC. 2007 

Report (ADEC) recommended ice management equipment and tactic 

improvements.  

 

12. Oil Spill Response Plans should more accurately depict oil spill response 

limitations. Oil spill response plans do not accurately depict equipment and 

human inefficiencies in arctic response conditions, and the inability to access 

oil because of safety, ice and logistical constraints.  The information 

documented in this report, and the report gap analysis report recommended 

above, should be used to revise existing plans.  A clear, concise description of 

human safety limitations (for response operations) should be included. 

 

13. Dispersants should not be used in the near-shore Beaufort Sea at this time. 

There is insufficient human health, biologic and toxicological data to ensure 

dispersant use in the Arctic is safe. Dispersants do not remove oil from 

marine waters. Most of the near-shore Beaufort Sea area water depth is too 

shallow for dispersant use. Arctic dispersant formulations are still being 

developed, and are not effective in shallow waters. There are inadequate 

stockpiles of dispersants and logistical support on the North Slope to apply 

dispersants in the narrow window of applicability.  
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14. Herding agents appear to be a promising tool but should not be used in the 

near-shore Beaufort Sea at this time. There is insufficient human health, 

biologic and toxicological data to ensure herding agent use in the Arctic is 

safe. Herding agents show promise as a tool to thicken oil to a point where in 

situ burning may be possible. Additional research should continue.  

 

15. Additional equipment is needed to improve in situ burning capability. 

Burn efficiencies exceeding 90% can be achieved, if emulsified oil can be 

contained and thickened to ~5-6mm. However, burn efficiencies will be 

substantially lower for thin slicks, subsurface oil releases, and weathered 

crude oil. Tools are needed to identify and track pools of oil that are thick 

enough to burn to concentrate limited resources on the areas with the greatest 

potential for successful in situ burning.  

There are significant logistical, technical, and safety challenges that remain in 

tracking, accessing, and igniting oil slicks and recovering burn residues. Ice 

class vessels should be added to the ACS inventory to improve access to 

spilled oil to initiate burns, and additional aircraft support equipped with 

ignition equipment is needed to increase the ability to simultaneously ignite a 

large number of burns, and sustain the burns.  

 

16. Further R&D Needed:  

a. Toxicity testing on dispersants and herding agents is needed to verify 

safety for arctic species. 

b. Additional scientific studies are needed to better understand the toxicity 

of residual material left behind after a burn that cannot be recovered.  

c. Improved tools are needed to measure and map oil spill thickness to 

identify areas of pooled oil that may be thick enough to collect or burn. 

Multispectral aerial sensor technology and infrared detection tested in 

California is promising; however, arctic tests are needed.  

d. Improved tools are needed to detect and map oil among drifting broken 

ice and encapsulated in and under ice.  

e. Mechanical response tools are needed that are effective in spring broken 

ice and fall freeze-up conditions.  

f. Methods are needed to recover oil trapped under ice.  

g. Methods and tools are needed to respond to subsea spills. 
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 INTRODUCTION 

 
In a settlement agreement signed September 2005 associated with the 

Northstar oil spill plan approval, BP agreed that oil spill response capabilities 
might be improved in the near-shore Beaufort Sea with the help of advice from 
the Science Advisory Committee.  

 
The Mayor of the North Slope Borough (NSB) requested that a 

subcommittee of the Science Advisory Committee (SAC) examine the current 
state of oil spill response technology with specific attention to the following 
questions: 
 

1. How can North Slope oil spill responders‟ safe access to oil spill sites 
in rotting and broken spring ice and in broken ice conditions be 
improved by way of existing and newly available methods? 

2. What opportunities exist for improving access in overflood, melting 
fast ice and broken ice in the near-shore Beaufort Sea? How can 
knowledge from the elders be incorporated here? 

3. What are the top priorities for research development for arctic grade 
oil spill clean-up technologies; which ones show the most promise? 

4. What are the ranges of applicability for in situ burning of oil in arctic 
conditions? What are the environmental effects of in situ burning of 
oil? What is the fate of the asphaltene „residue‟ left behind? 

5. What are the environmental effects of herding agents and oil 
dispersants? What is the fate of the dispersant-oil mixture and how 
does it affect the sea floor/ecosystem in general? 

6. What are the best ways to work flexibility into the response plans in 
order to be able to best/most effectively respond to the highly variable 
and poorly predictable arctic conditions that have been the norm over 
the last decade? 

7. How will arctic circulation (air and current) and ice changes affect oil 
spill trajectories and the dispersal of oil? 

 
In order to fulfill the request of the NSB, a sub-committee of the SAC met 

with oil spill responders and oil spill response scientists to review current 
capabilities and ongoing research directions aimed at the specific concerns of the 
NSB. In the first section of this review, entitled „Current Oil Spill Response 
Technologies‟, a presentation of current oil spill response technologies is 
summarized. In the second section of this review, entitled „Oil Spill Response in 
Near-shore Arctic Areas during Conditions of Transitional Ice‟, the SAC provides 
its assessment of how oil spill response may be improved, particularly with 
respect to the specific questions raised by the NSB. 
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Reviewers were selected by the Chairman of the SAC and are listed in 

Appendices 2 and 6. The review panel met at the University of Alaska Fairbanks, 
AK on November 10 – 12, 2008. The meeting opened with an introduction of 
panel members and opening statements from Mayor Edward Itta, Dr. Michael 
Bronson from BP and Dr. Craig George from the NSB Department of Wildlife 
Management. Mayor Itta gave an opening statement emphasizing the fragility 
and unpredictability of the current arctic environment and urged the committee 
to help find ways to adapt current technologies to the unique challenges faced in 
an arctic environment. Mayor Itta‟s statement was followed by a statement from 
Dr.  Bronson emphasizing BP‟s commitment to research aimed at improving oil 
spill response in the Arctic. Dr. George provided commentary from the Alaska 
Eskimo Whaling Commission (AEWC) emphasizing that while there is concern 
in the whaling community with respect to oil and gas development, there is also 
a desire to deal with future development in a realistic and effective way to help 
set responsible policy. The opening statements were followed by a charge to the 
committee from the Chair, Dr. John Kelley. The Agenda for the 3 days (Appendix 
3) called for an overview of review expectations, including the specific concerns 
of the NSB, as well as opening presentations by Alaska Clean Seas and SINTEF of 
current response capabilities and oil spill response research being conducted in 
arctic waters. Deliberations were continued in working groups established after 
the general discussion. The meeting concluded with a summary of deliberations 
presented by the Dr. Kelley. A draft report was sent to the panel for comment 
with a final report presented to the mayor, NSB, in July 2010.  Appendices 4 and 
5 present statements of SAC Review Policy and an overview of the Science 
Advisory Committee. 
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 SAC PANEL REVIEW COMMENTS 

 

Section 1: Current Oil Spill Response Technologies 

1.1 Introduction:  

The SAC was presented with a summary of currently available oil spill 
response technologies by Alan A. Allen of Spiltec. The potential response 
strategies were organized according to ice conditions likely to be encountered in 
arctic off-shore and near-shore environments and included open water, freeze-
up/ice incursions, heavy ice concentrations (oil under ice), and break-up.  The 
scope of this presentation was not specifically targeted to the questions from the 
Mayor of the NSB, but was intended to provide a general overview on oil spill 
response strategies in different environmental conditions in the Arctic. This 
served as a basis for discussion about which approaches might be appropriate in 
the specific environment of the near-shore Beaufort Sea under conditions of 
deteriorating spring ice, spring break-up and fall freeze-up. 

 
 

 
  

Alan A. Allen

Oil Behavior On, In & Under Ice
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 The fate of oil in ice depends on the extent of ice formation or break-up 
before and after a spill. Oil may become trapped under ice and drift with it 
according to prevailing currents. It may become encapsulated by new ice 
formation and can move within the ice through fissures or brine channels. Oil 
can collect in leads and oil in leads can be pushed under the ice. Oil can be 
absorbed by snow, evaporate from leads, be released into the water during 
break-up or appear in meltwater pools in the spring.  Oil can remain trapped 
within ice for some time before being released into the marine environment – 
possibly in a location far from the original spill. Oil may undergo weathering 
and emulsification. These conditions and the state of the ice itself can impact the 
approach taken to respond to a spill.  

1.2 Current strategies for oil spill response in ice: 

Open Water: 

● Ignition of oil/gas at surface for vapor control and partial removal of oil  

●  Containment and recovery of oil with small mobile skimming vessels and 
large onsite Oil Spill Response Vehicles (OSRVs), including the potential 
use of open-apex booms, independent U-configurations off-loaded to 
OSRVs and lightering to backup storage tankers or barges 

●  Controlled burning of oil with fire boom 

●  Aerial and surface application of chemical dispersants 
 
Freeze-Up and Ice Incursions: 

● Use of ice breakers to break, relocate and/or deflect ice, and the potential 
for blow-out “lift” to keep oil exposed at the water surface 

●  Potential ignition of oil/gas for vapor control and partial removal of oil 

●  Concentration of oil without large boom configurations - this would rely 
on short out-riggers for oil deflection, ice-breaker deflection techniques, 
wind and/or chemical-herding of oil against ice, acting as natural 
containment 

● Recovery of oil with OSRVs & small skimming boats working along the 
edge of heavy ice concentrations and in pockets of oil trapped by ice 

●  Aerial ignition of oil without fire boom (burning oil herded against heavy 
ice concentrations and in pockets of oil trapped by ice) 

●  Potential use of dispersants on natural or created exposures of oil 
 
Heavy Ice Concentrations (oil under ice): 

● Response tactics are strongly tied to the nature and amount of oil/gas 
released, and oil transport and distribution downstream 
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●  If the swath of oiled under-ice area is relatively narrow, and breaking or 
deflection of the ice is possible, oil may be exposed for recovery, burning 
and/or chemical treatment (eg. dispersants, chemical herding agents) 

●  Avoid any disturbance of unconsolidated, wide-spread oil in ice that 
could physically breakup, spread over a larger area, and become more 
difficult to recover/burn later. When oil is trapped in large pockets within 
the ice, the breaking and disturbance of the ice (while applying 
dispersants) may result in the dispersion, dilution and degradation of the 
oil. 

●  If oil droplets are wide-spread beneath the ice, the most practical 
response may be to allow the oil to become encapsulated, mark/track the 
ice movement, and monitor (possibly burn or chemically disperse) oil 
accumulations in the spring 

●  Mid-winter ice-mining/recovery tactics are highly unlikely unless major 
accumulations of oil exist in/under large stable ice floes 

 
Break-up: 

● Response tactics during early spring melt depend upon the nature and 
distribution of the oil encapsulated within the ice. 

●  As oil migrates to the surface through brine channels, it may accumulate 
in melt pools thereby providing an opportunity to burn it in place using 
aerial ignition techniques. 

●  As the ice continues to release any encapsulated oil, it would likely be 
unsafe to position personnel and equipment on the deteriorating ice for 
physical removal using conventional on-ice recovery tactics. 

●  Airboats, air cushion vehicles, and amphibious craft, however, can be 
used to transit and work safely under certain break-up and overflow 
conditions, allowing responders to access oil in melt pools, leads and 
other pockets in the ice. 

●  As break-up continues, other ice-strengthened vessels can safely 
maneuver between ice floes, providing opportunities to recover, burn 
and/or disperse pockets of oil. 

These strategies were presented in a generalized way as potential approaches 

for responding to oil spills in arctic conditions. They served as a basis for 

discussion about which approaches might be appropriate within the near-shore 

Beaufort Sea with respect to the specific questions presented to the SAC from the 

Mayor of the NSB.
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Section 2:  Oil Spill Response in Near-shore Arctic Areas during 

Conditions of Transitional Ice 

2.1 How can North Slope oil spill responders’ safe access to oil spill sites in 

rotting and broken spring ice and in broken ice conditions be improved by 

way of existing and newly available methods? 

Deteriorating spring shorefast ice, spring break-up drifting ice, and fall 
freeze-up ice conditions off northern Alaska present challenges for oil spill 
responders, especially with respect to safe access to oil spill sites (see Appendix 
7, ACS TACTIC-L). As detailed below, there have been efforts made by Alaska 
Clean Seas, Inc. (ACS) to understand and develop methods appropriate for spill 
response in transitional ice conditions in the near-shore Beaufort Sea. 

 
The following is presented as a case study, from which broader 

conclusions may be drawn and applied: 
With respect to the Northstar5 production environment (Figure 1), 

extensive experience and knowledge of deteriorating and broken ice have 
recently been gained by ACS. For this review, the “response area” is defined as 
the affected regions described in the BP oil spill trajectory models (Figure 2). The 
most likely spill trajectories would tend to move oil to the southwest into 
relatively shallow water6 (< 2m) (Figure 2) where they intercept the barrier 
islands ~10 km southwest. We know that current and wind will drive oil much 
farther over the following weeks following a spill if not recovered. Therefore, a 
spill area with an 80 km radius of Northstar is not unrealistic especially given 
strong SW or SE winds (Figure 5). This would intercept the Colville River Delta 
and areas as far west as Cape Halkett and east to Flaxman Island. Appendix 8, 
North Slope Spill Response Equipment 2010, describes the currently available 
ACS oil spill response inventory in detail and Table 1 is an assessment by ACS of 
the ice capability of its response equipment. 

In 2006 ACS undertook an effort to more fully understand the status of 
response capabilities within the questioned environment. On an almost daily 
basis, observations were made from West Dock. The area observed extended to 
the mouth of the Kuparuk River. Also, a camera was mounted at BP‟s Seawater 
Treatment Facility, pointed toward Northstar Island, to monitor hourly ice 
breakup progression activities off West Dock. The intent was to document the 
typical dynamics of a spring breakup cycle in that area for BP. 

With respect to the Kuparuk delta spring overflood conditions in 
„stationary‟ flooded ice, airboats (on site at the time) were determined to be the 

                                                 
5 Northstar: near-shore, man-made production facility adjacent to Prudhoe Bay oilfields and 
within the area protected by offshore barrier islands. 
6 Note that most of Simpson Lagoon is less than 2 m deep. 
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only viable mode of reliable access. Airboats were used, with considerable 
success, to haul and/or tow equipment and manpower across ice, overflood, and 
open leads. Several response tactics and systems were tested, modified, refined, 
or developed on site during a mock response to a Northstar oil spill scenario.  
Examples of some of the findings include: 
 
General Logistics: 

 Fuel consumption rates for towing vs. hauling boom in airboats 

 Determined speeds for hauling equipment in airboats 

 Developed ice anchoring systems not previously identified, to hold 
boom in place in over-flood conditions 

 Determined that airboats were critical in both over-flood and broken 
ice in shallow water (less than 3‟) 

 Because of aluminum flex, airboat hulls would be damaged working 
on solid ice 

 Jet boats are not feasible in over-flood conditions or during early 
breakup 

 Wind was much less an issue as there was not enough water depth or 
fetch to allow waves to build 

 Airboat transition to and from river water and sea ice was not an issue 
even with boom in tow 

 Ice conditions during the entire test period changed drastically on a daily 
basis 

 
Improving Safe Access: 

 A boat dedicated to personnel safety should be among first on scene 

 Recommend GPS for all boats 

 Responders need to stay together and not spread out 
- wait for ice delineation (by ice experts – need training to make 

responders „ice experts‟) and stay within the perimeter of 
delineation 

- „follow the leader‟ when testing ice 
- communication between boats about what to expect and where 

to go 

 Fueling logistics need to be addressed 

 Possibly standardize communication 

 Possibly put cabins on airboats 

 Aerial support would be necessary during a real event 

 Became more aware of hazards and surface water-flow effects of 
strudel holes 

 Ice shifted significantly – need to be aware of silt spots and getting 
stuck 
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All findings from this exercise were communicated to BP. 

 
This case study is a starting point for understanding how to improve safe 

access in conditions of transitional ice (both spring break-up and fall freeze-up). 
The conditions under which current information is available are limited to the 
Northstar and Kuparuk regions and do not include all permutations of ice and 
oil spill conditions. Specifically, the goals in this exercise included deploying 
boom near Long Island and familiarizing responders with conditions near the 
shoreline and around the barrier islands, including documenting overflood 
water depths along the mainland shoreline, out to and around the barrier 
islands. This type of field testing/exercise should continue and be expanded, if 
possible, to other areas (either areas of specific risk or that present unique 
environmental challenges) and to include testing of new equipment designs. The 
timing of field testing and mock scenarios should be targeted to include 
conditions (including weather) of spring broken ice, spring break-up and fall 
freeze-up. Assessing how equipment and tactics function in various real ice 
scenarios is the only way to identify deficiencies and find solutions to problems.  
Field testing and mock scenarios should be an ongoing process so that they are 
not just designed to identify problems but to incorporate and test improvements 
in both equipment and tactics. 
 
Further discussion points: 

 Hovercraft have not been used/tested in support of response 
operations and may be advantageous for performing support 
functions. However, operation of hovercraft in arctic conditions has 
been problematic (eg. stranding on shoals, pressure ridges and other 
obstructions) and further development will be necessary if hovercraft 
are to be useful. 

 Airboats should be tested in other areas along the coast, where 
overflood conditions are not readily accessible via roadside launch 
points but this may be logistically problematic. Rough landfast and 
bottomfast ice will likely be present and is very difficult to transverse 
with airboats. Since airboats are the most readily available logistical 
support at this time, it may be worthwhile to further explore the 
feasibility of creating additional access points for these vehicles. 

 There are a number of newer technologies in development that might 
provide improved access in a variety of ice conditions, including air 
cushion vehicles (ACVs), new air boat designs, amphibious craft such 
as ARKTOS7, and lighter than air vehicles such as SkyHook8. Existing 

                                                 
7 ARKTOS: Amphibious Craft, ARKTOS Developments, Ltd., B.C. Canada.  www.arktoscraft.com 
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helicopter support options, or hovercraft may be reviewed for 
logistical support opportunities. ACS should also continue to monitor 
new all terrain technologies, such as the elevated vessel/track unit 
being tested in southeastern Alaska. 

 A much better understanding of the cause and effect of maelstroms9 
should be acquired, as this high energy phenomenon can have a 
dramatic effect on overflood response operations. 

 Education through demonstration, practice and tactical refinement 
should be maintained as a near term focus. The common theme of 
educate, train, practice and refine apply to this environment. 

 Effectiveness of response goes beyond the question of safe access, yet 
the two are intertwined. The question of effectiveness of specific 
technologies (see Appendix 8) in spring deteriorating, spring break-up 
and fall freeze-up ice conditions should be addressed in a similar way 
to those of access, including ongoing testing of new and existing 
equipment in appropriate ice and weather conditions and with the 
deployment capabilities typical of the near-shore environment. 

 
The most readily available and reliable vehicle for access to oil spills in ice 

in the near-shore Beaufort Sea is the airboat. While these boats have been useful 
in the limited regions detailed above, their use is constrained by some ice 
conditions and lack of launch points. While there are other vehicles under 
development (eg. ACVs, amphibious vehicles, etc.) aimed at increasing safe 
access to oil spills, they are not currently available for deployment in northern 
Alaska. There may be some promise in these technologies, but they must be 
tested under a variety of real field conditions to determine if they will be 
appropriate and/or sufficient. 
 
 Early Season Broken Ice (Spring/Early Summer) 

As the spring season progresses, challenging broken ice conditions 
develop progressively farther from shore, in deeper water beyond grounded ice. 
Small vessels become important to the response effort. Movement of large 
chunks of ice can be managed with a variety of small vessels and their 
effectiveness can be enhanced by the use of push knees. A variety of skimmers 
and mini-barges can be used in conjunction with ice management vessels to 
improve response. Again, the logistical ability to shift these response tactics into 
areas where access to a launch point is limited becomes even more problematic. 
How does one move manpower and equipment a number of miles along the 

                                                                                                                                                 
8 SkyHook International Inc., Calgary, Alberta, Canada.  www.skyhookinternational.com 
9 Maelstrom: overflood water that drains through holes in the ice (often originally made by 
ringed seals) in volumes and at velocities that result in powerful vorticies. 

http://www.skyhookinternational.com/
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coast for launch/deployment? As an action item one should reference the second 
bullet above, where potential resolution to this issue in a similar environment 
may well be applicable.  

 
Late Season Developing Ice (Autumn) 

Freeze-up is well recognized as a very different environment than the 
spring breakup season. Warmer weather is replaced by colder, harsher and more 
challenging environmental conditions. Conditions during freeze-up are highly 
variable and unpredictable. In particular, inadequate ice thickness, the presence 
of frazil ice and slush, storm frequency and intensity, and decreasing daylight 
create greater challenges both in terms of access and response effectiveness. 
Small vessels with outboard engines or source water-cooling systems are quickly 
taken out of the freeze-up response because of their tendency to overheat as 
water-pumps and filters clog due to slush ice. However a number of aluminum 
response vessels (Bay Class vessels) in the existing Prudhoe Bay inventory can 
operate in slush and floating ice up to 6 inches thick because of protective 
reinforcement placed at the waterline of the vessels, where ice would normally 
damage the hull. These vessels are equipped with skimmers, corresponding 
hydraulics, and towing capabilities that extend their use from the open water 
environment well into the seasonal labile ice environment. Existing and 
approved production operations within the area of operation indicate these 
vessels perhaps provided by contractors, (Crowley Maritime Corp. Ice 
Strengthened Point Class Tug and River Tug), can be used to mount a response 
from facilities shoreward, following existing underwater pipeline routes. 
However, ice formation is not the only challenge in these conditions as 
seasonally more frequent storm activity and darkness might still limit response. 

There was much discussion by the group on the use of ice breakers and 
larger, deeper water response vessels seaward of the Northstar environment but 
where water depth is 15 meters or less. Ice breakers may well be strategically 
beneficial in water depths greater than 7 to 8 meters in other areas, with the 
precaution that agitation of contaminated zones during freeze-up might be 
detrimental to the overall response. Options of ice mining, after oil becomes 
encapsulated in ice, must be considered when substantial percentages of oil may 
be incorporated within the top 2 to 3 feet of ice and the total ice thickness might 
well exceed safe operating winter parameters. The benefit of burning trapped oil 
during spring must also be considered as oil slowly rises to the ice surface, due to 
solar radiation, well ahead of the time that it becomes unsafe for clean-up 
operations. 
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Response Gap Analysis 
The harsh sea ice and weather conditions of spring break-up and fall 

freeze-up may prevent immediate or effective response. During these seasons 
alternative strategies may include tracking oil movement for later mitigation, 
potential removal of ice (usually large blocks) that contains entrained oil, and 
isolated burns as oil surfaces later in the spring. Response Gap analyses should 
be completed for the near-shore Beaufort Sea area to statistically analyze current 
response limitations. Data collected during training and exercises in appropriate 
ice and weather conditions should be incorporated into the Response Gap 
analyses as they become available. 

A Response Gap is the period of time when oil spill response is not 
possible (or is rendered so inefficient as to be nearly futile) because one or more 
limiting factors prevent an effective response. An effective response requires: 

 The ability to locate the spilled oil and continue to track it 

 Access to the spilled oil (equipment capable of transporting people and 
equipment to the spill site and supporting the response operations) 

 Environmental and oil spill conditions safe enough for workers to 
operate response equipment 

 Response tools that are effective for the type of oil spilled and the 
environmental conditions encountered. 

 
In the Arctic, there are a number of factors that limit response: 

 Spill Factors: There will be times that oil will not be accessible for 
recovery (eg. oil spilled under ice, subsea spills that have not reached 
the surface, oil that is encapsulated in ice, oil spilled into newly formed 
thin or slushy ice, etc.) 

 Human Factors: The ability and efficiency of people to operate spill 
response equipment is hindered by wind speed, sea-state, ice 
conditions, temperature, visibility, toxic smoke, explosive vapor levels, 
etc. Sometimes it will be unsafe to operate spill response equipment. 

 Equipment Factors: Mechanical response tools (booms and skimmers) 
and in-situ burning tools have technical limitations in certain 
environmental conditions (wind speed, sea-state, ice conditions, 
temperature, visibility, etc.). In situ burning requires a minimum oil 
thickness to ignite. The ability to track oil spilled under ice is very 
limited. 

 Safety Factors: There will be areas or conditions around spills where it 
is not safe to operate combustion equipment (eg. explosive vapor 
levels that exceed safe thresholds, operating near a well blowout or 
near a high pressure release point). 

 Transportation and Weather Factors: The vehicles used to transport 
mechanical response and in-situ burning equipment to the site is 



 

 35 

limited by certain environmental conditions (distance to spill site, 
wind speed, sea-state, ice conditions, extreme cold, daylight, visibility, 
etc.) 

 
Response Gap analyses examine the combined impact of these 

limitations, identifying the weakest link in the response chain. Such analyses 
provide a statistical assessment of the number of days that oil spill response is 
not possible (or is rendered so inefficient as to be nearly futile) for a given 
time period (eg. time of year). 

 
Incorporation of Existing Local Knowledge 

Iñupiat life-experiences, with successes and failures hunting and traveling 
in challenging environmental conditions such as those that occur during the 
spring and autumn transitional periods provide important understanding for 
working safely and effectively during an oil spill. In that regard, it would be 
helpful to: 

 

 Conduct workshops and interviews with elders and experienced 
hunters focusing on extreme events in which accidents, emergencies, 
loss of equipment, etc. have occurred during transitional periods (i.e., 
much like a Fire Department might approach a specific fire-fighting 
situation). This will help identify situations that could hamper effective 
oil spill response.  

 Document Iñupiat methods of small boat operations during spring and 
fall transitional periods. The whaling captains/crews that operate 
during autumn and spring embody some of the only expertise relevant 
to operating small vessels in spring lead systems and during fall freeze 
up (e.g., young ice and slush ice). 
 

Summary 
In summary, experience gained from ACS and response exercises should 

help to identify areas where improvements may be possible. Appendix 7 
identifies many conditions of weather and ice that would reduce effectiveness 
and access of current technologies. In these cases, improved access might depend 
on acquisition or development of new technologies or alternative oil removal 
tactics and strategies (eg. ice mining of oil encapsulated in ice or springtime in-
situ burning). In all cases, as these options are explored, field testing in the 
specific ice and weather conditions of concern are necessary. Response exercises 
should be ongoing (building on each experience) and expanded to include other 
regions of concern and specific ice conditions during break-up and freeze-up. It 
would also be beneficial to explore the feasibility of improving access points 
along the coast. In terms of currently available technology, more testing under 
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specific conditions of concern is necessary to determine the limits of operation 
and to explore potential changes in tactics. Response Gap analysis should be 
conducted to statistically analyze current response limitations. Local knowledge 
of small boat operation by whaling crews should be incorporated into response 
and field-testing strategies. 

2.2 What opportunities exist for improving access in conditions of 

overflood, melting fast ice and broken ice in the near-shore Beaufort Sea? How 

can knowledge from the Iñupiat elders be incorporated here? 

Both infrastructure and equipment upgrades and expansions would 
improve access (See Appendix 8 for current ACS spill response inventory). There 
is insufficient port infrastructure along the Beaufort Sea coastline to support a 
large-scale oil spill response. Additional port infrastructure (increased access 
points) and equipment caches along the coast line will improve access and 
expedite response. The ability to logistically access spilled oil and deploy either 
mechanical or in-situ burning methods is currently limited by the lack of ice class 
vessels. There are no ice breaking vessels or ice reinforced barges available in the 
near-shore Beaufort Sea currently maintained on site. The existing inventory of 
available vessels indicates that none are designed to operate in conditions of over 
a few percent ice coverage. The response fleet should include ice class tugs and 
barges in order to extend the time frame during which oil spill response and 
response effectiveness can occur. 

ACS‟s response obligations were originally limited to the near-shore 
Beaufort Sea area due north of Prudhoe Bay and extending west towards 
Kuparuk and east towards Endicott. Today, ACS‟s collaborators have vastly 
expanded to include oil field operators and to operate farther east, west and 
north of Prudhoe Bay. Onshore response obligations have also expanded. ACS‟s 
personnel and equipment have not kept pace with these changes. ACS‟s 
equipment must be maintained in a sufficient quantity to support all its 
sponsors‟ needs. Equipment must be kept close to potential spill locations, or 
ACS must demonstrate it has the logistical support to respond rapidly to a more 
distant spill location. 

Other issues surrounding improving access in overflood, melting fast ice 
and broken ice in the near-shore Beaufort Sea are similar to those addressed in 
section 2.1, particularly the need for field testing of existing and developing 
technologies under realistic field scenarios and conducting Response Gap 
analyses. Appendix 7 TACTIC-L details conditions that reduce effectiveness 
and/or access. In addition to upgrading and increasing infrastructure and 
equipment, attention should be paid to refinement of tactics using field response 
exercises in specific ice conditions and incorporating local knowledge about 
operating in various types of ice.  
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 As described in the previous section, Iñupiat life-experiences with 
successes and failures while hunting and traveling in challenging environmental 
conditions, is an invaluable resource. This knowledge and experience should be 
brought to bear, as described in Section 2.1, not just in the area of providing safer 
access, but also in providing strategies for improved access in general. There is a 
body of research available documenting effective ways to incorporate traditional 
and current local knowledge (particularly that of elders and whaling captains 
who have extensive ice experience under a wide variety of challenging 
conditions) (Huntington et al. 2001, George et al. 2004, Noongwook et al. 2007). 
The 2000 Barrow Sea Ice Symposium (BSSI) that included Iñupiat (primarily 
whaling captains and their crews) and scientists/technicians who study sea ice 
provides a useful model for setting up similar exchanges among the various 
groups involved in oil spill response (Huntington et al. 2001). The goals of the 
BSSI were to encourage discussion, review photographs and other graphical 
material and foster a sense of shared purpose among participants (Huntington et 
al. 2001).  

The focus of the BSSI was to gain better understanding of the behavior of 
sea ice using several case studies to focus the discussion. The same type of case 
study approach could be valuable for a workshop designed to improve safe 
access and operations during challenging ice and weather conditions (focusing, 
for instance, on extreme events in which accidents, emergencies, loss of 
equipment, etc. have occurred during transitional periods). 

Some key points that appear to have been particularly important to the 
success of this particular workshop were (per Huntington et al. 2001): 

 A high level of interest brought by every participant 

 A willingness to consider diverse approaches to understanding and 
working on sea ice 

 Using a case study approach to focus the discussion 

 Careful selection of invitees that were willing to look at sea ice from 
different perspectives 

 A meeting structure that allowed for discussion more than static 
presentation of material (eg. desks positioned in a square with 
participants facing each other instead of a standard classroom-type set-
up)  

 
Some weaknesses of the BSSI included (per Huntington et al. 2001) : 

 The scope of the 5 case studies was perhaps overly broad – the amount 
of material covered and the number of people wanting to speak 
limited the depth to which individual points could be covered. 

 A tendency to lapse into technical jargon and depend on overly 
technical graphics 
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Another valuable model is the Alaska Beluga Whale Committee (ABWC), 

initiated by the NSB to ensure that beluga whale stocks in Alaska remain viable 
(Huntington et al. 2002). The ABWC meets annually and includes representatives 
of Alaska Native villages that hunt belugas, researchers who have worked 
extensively with Alaska Natives and managers from government agencies. 

The ABWC was initiated by the NSB which (both on a governmental and 
community level) has a great deal of experience with the process of research and 
understanding of how science can support its interests (Huntington 1992a, 1992b, 
2000, Albert 2001, formation of Science Advisory Committee 1981). The ABWC 
annual meetings are part of a continuing process of collaborative research and 
communication and have resulted in a productive and collaborative research 
program and a comanagement agreement with the National Oceanic and 
Atmospheric Administration (NOAA) (Huntington et al. 2002). In terms of 
incorporating elder and local knowledge to find ways to improve access to 
possible oil spills in challenging environmental conditions, a similar cooperative 
body could be developed that participates in and evaluates exercises and 
equipment testing. 

A key point that appears to be particularly important to the success of the 
ABWC is continuity. Continuity has many benefits (per Huntington et al. 2002): 

 Development of relationships (supplemented by working together on 
field projects and other activities through the year) 

 Accountability - members expect appropriate follow-through on 
promises made 

 Mutual understanding – hunter representatives learn about research 
methods and results, researchers and managers learn not only about 
belugas, but also about the perspectives of the hunting communities 
and the cultural significance of belugas to Native Alaska communities. 

There are, of course, negative aspects of maintaining continuity in the 
sense of committee membership that involves the same people over long periods 
of time. They include cronyism, perpetuation of the status quo, unwillingness to 
involve other people with new ideas and, most importantly, the difficulty of 
other people to gain experience with and understanding of the issues at hand 
and the various ways to address those issues. It is advisable that committee 
membership be on a staggered rotational basis. 

Interviews have also proven to be successful as a means of integrating 
local knowledge and experience. Noongwook et al. (2007; study of traditional 
knowledge of the bowhead whale around St. Lawrence Island) found that group 
interviews which included an exchange of ideas and sharing of information 
among parties were particularly effective, creating a sense of shared enterprise 
between scientists and interview participants (Noongwook et al. 2007, 
Huntington et al. 2002).  In addition, video records of the interviews and the 
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diversity of participants allowed for several perspectives and more effective 
follow-up.  

 Ideally, both interviews and workshops should be used in combination – 
in the case of the BSSI, interviews were used for planning and preparing for the 
workshop. By combining approaches, and by making this an ongoing process, 
there is more to be gained. The most successful workshops (both BSSI and 
ABWC) involved a significant amount of planning, preparation and careful 
consideration of the goals, format and participants. Interviews with elders and 
others with extensive knowledge about ice and experience in coping with it can 
help to define the format and content of the workshops (Huntington et al. 2001).  

A sense of shared purpose is something that may be difficult to achieve in 
any diverse group with different and shared interests and concerns, but it is 
possibly the most important component to success. Everyone involved must 
approach the endeavor with respect and a willingness to listen and be responsive 
to other perspectives as well as a willingness to look at what seems familiar, in 
new ways. This is one of the strengths of the ABWC where relationships have 
been built over time and with individuals who often collaborate outside the 
setting of the annual meetings (Huntington et al. 2002). In the context of oil spill 
response and technology, acknowledging the impacts and/or shortcomings of 
current technologies or strategies, while working together to seek improvements, 
is vital to foster a sense of trust and shared enterprise that will lead to progress. 
Building relationships through a combination of regular meetings/workshops, 
as well as other related activities (eg. training exercises, tactic/equipment 
assessment), should lead to greater success in each and will help to refine the 
process. 

In addition to incorporating traditional and current local knowledge, it is 
also important to integrate affected communities into development and 
execution of response plans. Best practices for integrating community expertise 
can be gathered and adapted from successful activities in other countries related 
to oil spill planning, preparedness and response. Some of these „best practices‟ 
include:   
 
 Development of strong partnerships with the communities affected 

It is important to develop strong community partnerships with an 
emphasis on accessing local expertise and knowledge.  In addition to activities 
already outlined in sections 2.1 and 2.2 (drawing on knowledge with respect to 
access in difficult ice conditions), the NSB is part of the Unified Command (UC) 
of the Incident Command Structure (ICS).  The NSB already has various staff 
members that have maritime, biological, local and oil spill response knowledge, 
and could potentially identify others in the Borough with relevant experience. 
The NSB Search and Rescue Department and Barrow Volunteer Search and 
Rescue Group, in particular, may be an important resource. These experts could 
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be embedded in the ICS, especially the Operations Section. It would be 
particularly useful if experts (including any that are added to the list of 
individuals already identified) were involved in response drills and exercises. 
Drills and exercises might be useful as case studies for the workshops described 
above, especially if they are documented by video recordings. 

 
Building public awareness and participation 

There is experience in Washington State with multi-agency efforts 
providing Oil Spill Awareness courses sponsored and coordinated through the 
USCG and NOAA.  The USCG held a Spill Awareness Course in Valdez during 
September, 2009.  A similar course, focused more at response in the Arctic, 
should be planned in the near future for the offshore North Slope area. The 
importance of developing relationships between agencies, industry, and citizens 
of the potentially affected communities (eg. through annual spill exercises 
and/or spill awareness courses) should not be underestimated. There is an 
existing system of communication among villages that can be accessed to help 
provide coordination in response to local events. This resource should be a 
feature of all exercises, drills, and training. 

 
Provision of compensation for service of community members  

The SAC recommends that compensation be provided for information 
provided by elders and others in the community who can provide vital 
knowledge based on living and working in the challenging ice and weather 
conditions of the Arctic. 
 
Maintenance of a training program 

There is a Village Response Team (VRT) that is coordinated by LCMF, Inc. 
which involves citizens of the Beaufort Sea communities to provide services to 
Alaska Clean Seas.  The VRT participates in training and actual responses.  This 
is a valuable resource that should be maintained and possibly expanded to all 
coastal villages. 
 
Summary 
 Improved access depends in large part on improvements in infrastructure 
and equipment, including additional port infrastructure and equipment caches 
along the coast, addition of ice class tugs and barges to the Beaufort Sea 
equipment inventory, and ensuring that ACS equipment and personnel are 
commensurate with its area of operation and membership responsibilities. 
Existing and new equipment and tactics associated with oil spill recovery must 
be tested in conditions that reflect the weather and ice conditions of concern (in 
this case overflood, melting shorefast ice, break-up, and freeze-up). Local 
knowledge, particularly that of elders and others with extensive experience 
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working and traveling in these challenging ice conditions should be incorporated 
into activities and decisions through workshops, interviews and collaborative 
participation in oil spill mitigation activities (eg. training, drills, equipment, and 
tactics of response assessment). Care should be taken to incorporate the lessons 
learned from other successful workshops and meetings such as BSSI and ABWC. 
It is important to view this as an ongoing process, creating a synergy between 
workshops/meetings and training/testing/assessment and continually building 
on knowledge gained from both successes and failures. 

2.3  What are the top priorities for research development for arctic-grade oil 

spill technologies; which ones show the most promise? 

Introduction 
Even if the effort to prevent oil spills is of high priority among the oil 

industry, it is impossible to completely remove the risk of a spill. Therefore there 
is need for research and development in spill response, particularly in the sea ice 
environment where current technologies encounter significant challenges. 

In recent years there have been multiple efforts to identify the research 
needs for improving oil spill response in the ice environment, including the 
following: 

 Reed et al., SINTEF, 2002: Final report and white paper on potential 
components of a research program including full-scale experimental oil releases in 
the Barents Sea marginal ice zone. Prepared for: MMS, USA. 

 DF Dickins Associates Ltd., 2004: Advancing oil spill response in ice-covered 
waters. Prepared for: Prince William Sound Oil Spill Recovery Institute 
Cordova, Alaska. 

 Brandvik et al., SINTEF, 2006: Short state-of-the-art report on oil spills in ice-
infested waters. Oil behaviour and response options. Prepared for: Chevron, 
ConocoPhillips, Shell, Total, Statoil. 

 L. Solsberg, 2006: Countermeasures for the Beaufort transition season, In Oil 
Spill Response: A Global Perspective, W.F. Davidson, K. Lee, and A. 
Cogswell eds., Springer, pp 91-109.  
 
Based in part on these reports several R&D projects have been undertaken 

or are ongoing. MMS has initiated comprehensive work on weathering studies of 
oil in ice, to be performed by SL Ross Environmental Research, Ltd. and DF 
Dickins Associates, Ltd. (hereafter referred to as MMS). In total, six oil 
companies10 have initiated a large Joint Industry Program (JIP) on oil spill 
contingency response plans in ice-covered waters, coordinated by SINTEF (a 
collaborator in the JIP). 

                                                 
10 AGIP KCO, Chevron, ConocoPhillips, Shell, Statoil, and Total in collaboration with the 
Norwegian Research Council 
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In the following we have highlighted some important R&D topics related to 
oil spill cleanup, trying to give an overview of the present status and indicate 
some topics on which we think future R&D should focus. 

  
R&D topics related to clean-up technologies 

 Fate and behavior of oil in ice 
Different crude oils and oil products will behave quite differently if 

spilled in the arctic environment, depending on the nature of the spilled oil 
and weathering of the oil. Weathering is the combined effect of the processes 
taking place when oil is spilt in the sea (evaporation, water-in-oil 
emulsification, drift, spreading, etc.) and will greatly influence the fate and 
behavior of the oil. Recent R&D indicates that weathering processes are 
slower in ice-covered waters compared to open waters (Brandvik et al. 2006). 
This might influence the window of opportunity for some of the response 
methods at hand. 

The following table gives a short overview of previous and ongoing R&D 

activities in this area pointing at some broad future R&D needs: 

 

Background In 2004 MMS initiated a three year research project focusing 
on fundamental weathering processes of oil in ice 
(spreading, evaporation, drift trajectories, etc.) (Brandvik et 
al. 2006). The main contractor on this project is MAR, Inc., in 
cooperation with S.L. Ross Environmental Research, Ltd and 
DF Dickins Associates, Ltd, all in the US. This program 
includes small-scale laboratory testing, basin tests and large-
scale experiments in MMS‟ Ohmsett facility. 

SINTEF has performed a large number of laboratory and 
field tests to study the weathering of different oils in 
different ice conditions, as part of the JIP (Brandvik et al. 
2006, Sørstrøm et al. 2010). The MMS and JIP data are being 
used to develop/refine weathering models to describe oil 
weathering in ice. 
 
Most models for predicting the fate and behavior of oil in ice 
are empirical and many of those that are quantitative are 
based on limited laboratory experiments. Much more 
research is needed, especially quantitative, in order to 
realistically predict oil behavior and fate in ice-covered 
waters (Fingas and Hollebone 2003). 

Status  Recent field trials involving a controlled release of oil at sea 
have validated mesoscale experiments showing reduced 
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weathering in heavy (70 – 90%) ice cover11 (Sørstrøm et al. 
2010). In laboratory studies associated with this JIP, 
asphaltenic and napthenic oils demonstrated rapid water 
uptake, while more waxy, paraffinic oils revealed 
significantly less water uptake. Algorithms which describe 
weathering properties of different oil types as a function of 
ice conditions have been used to improve the SINTEF Oil 
Weathering Model (OWM), the only model verified by large 
scale field experiments. Data were collected during the 2009 
JIP including meteorological and oceanographic data12, ice 
drift and ice field deformation, dissolved hydrocarbons in 
the water column and oil droplet size distribution. These 
data will serve as the basis for developing models to predict 
oil distribution in ice and provide additional information on 
the interaction between oil, ice and water. 

Future R&D Future R&D should continue to address the critical issue of 
spreading of oil on, under, between and within ice and on 
the development of drift trajectory models. Another priority 
should be to develop a more systematic and comprehensive 
strategy to model weathering (analogous to, or in 
collaboration with, the OWM being developed by SINTEF) 
based on oil type, ice type, spill type and weather conditions 
(wind/wave) that are likely to occur in the near-shore 
Beaufort during spring break-up and fall freeze-up. 

 Detection, monitoring and remote sensing 
Being able to locate an oil spill, to track the thickest part of a slick, to guide 

response systems and to operate more effectively in bad weather or darkness 
is challenging. Therefore, systems for monitoring and remote sensing are very 
important. In open waters this is accomplished using aircraft, satellites and 
vessels. Some of the existing systems for monitoring and detection in open 
waters cannot be directly used for oil spills in ice-covered waters. Therefore 
testing and modifications of existing systems and development of new 
systems are important. 

 

Background In the 2008-2009 JIP field trials several existing airborne and 
satellite based systems for detection of oil in ice have been 
tested near Svalbard, Norway (Sørstrøm et al. 2010, 
http://www.mms.gov/tarprojects/569.htm). New concepts 

                                                 
11 The same mesoscale experiments showed slight reductions in weathering in 30 - 50% ice cover 
12 wind speed/direction, air temperature and pressure, currents, tide and wave height recordings 

http://www.mms.gov/tarprojects/569.htm
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like detection of oil under ice and use of trained dogs have 
been tested with good results. 

Status Ongoing R&D (http://www.mms.gov/tarprojects/569.htm) 
will provide a better understanding of the potential and 
limitations of existing equipment including airborne 
surveillance, satellite imagery and handheld IR cameras 
(Sørstrøm et al. 2010). Ground Penetrating Radar (GPR) has 
been shown to give reliable signals of oil under/in ice and 
snow, although there are some uncertainties at the higher 
salinities that occur in ice during the transition season (DF 
Dickens Associates Ltd. 2005) 
(http://www.mms.gov/tarprojects/517.htm). Numerical 
models suggesting that GPR may be operated at low altitude 
from helicopters was validated in an experimental on-ice 
spill at Svea in April 2008 (Sørstrøm et al. 2010). Trained 
dogs used to “sniff” oil in snow and ice, even at low 
concentrations, have proven to be effective and might have a 
future potential (Sørstrøm et al. 2010). It is expected that one 
or two of the existing airborne and/or satellite based systems 
might have a potential to detect oil between ice floes. In the 
most recent JIP field trials, IR sensors were able to 
distinguish between oil, ice-free water, and snow and clean 
ice floes during daylight (Sørstrøm et al. 2010). Satellite 
based Synthetic Aperture Radar (SAR) has been shown to be 
able to track ice trajectory. Tracking buoys, a well known 
technology, can be used to track an oil slick over time.  

Future R&D Improved tools are needed to measure and map oil spill 
thickness and to detect and map oil among drifting broken 
ice floes and encapsulated in ice. While, future R&D should 
focus on development and testing of new technology 
including the use of Nuclear Magnetic Resonance (NMR), 
multispectral aerial sensor technology and infrared, the 
priority at this time should be to field test existing tracking 
technologies (eg. tracking buoys, overflights and radar) and 
newly emerging technologies in the locations and ice 
conditions of concern to the NSB.  

 Oil spill response 
Containment of oil in ice 

In open water, booms are used to contain oil. Previous testing of booms in 
ice has shown that ice and oil are contained together. It is generally accepted 
that conventional booms can be used in low ice concentrations (tentatively up 

http://www.mms.gov/tarprojects/569.htm
http://www.mms.gov/tarprojects/517.htm
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to 20-30% ice (Brandvik et al. 2006)), and that at relatively high ice 
concentration the ice will act as natural containment for the oil. In trials in the 
Beaufort Sea in 2000 the Ro-Boom stocked by ACS was functional with the 
aid of ice management equipment during break-up in up to 30% ice coverage. 
During freeze-up, however, it was only effective in lower ice concentrations 
(<10%) (Nuka Research and Planning Group, Inc. 2007). Fire-resistant booms 
should be used during in-situ burning at low ice concentrations. 

 

Background Development and testing of fire-proof booms had high 
priority a decade or two ago, especially in Canada and the 
USA. Several products are on the market today. More 
traditional booms for use in connection with mechanical 
recovery have been developed, primarily for open waters, 
and many different products are on the market today, 
including ice-capable open water containment boom (eg. 
Norlense) and other high tensile strength boom. 

Status Testing of existing fire-proof booms is an ongoing activity of 
the JIP. In the 2008 field trial in the Barents Sea two different 
products were tested for ice load and behavior while being 
dragged through an ice field of low ice concentration 
(Elastec/American Marine boom13 and AFTI Pyro Boom®14). 
In the 2009 Svalbard field trial these two boom types were 
tested further (Sørstrøm et al. 2010). This will give a better 
understanding of the potential for using fire-proof booms in 
moderate ice concentrations15. In the USA the Oil Spill 
Recovery Institute (OSRI) has one project looking at new 
boom designs that may be appropriate for use in areas with 
moderate ice concentrations. In Norway some boom 
manufacturers have recent experience with use of traditional 
boom in fairly high and dynamic ice conditions. This was 
done in connection with re-loading of oil from smaller to 
larger oil tankers taking place in a fjord. 

Future R&D Future R&D should focus on the ability to separate oil from 
ice, or possibly on the development of tactics that use ice to 
help contain the oil. The priorities in this case would be to 

                                                 
13 Elastec/American Marine boom – provided by ACS 
14 AFTI Pyro Boom® - a more recent design produced by Applied Fabric Technologies, Inc., a 
subsidiary of RoClean Desmi 
15 The AFTI Pyro Boom® was deployed with relatively smaller and therefore more densely 
packed ice pieces and there was more slush in the mix. Ignition proceeded less vigorously and 
the burn took longer, however, burn effectiveness was estimated to be in excess of 90% (Sørstrøm 
et al. 2010) 
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conduct more field testing of existing technologies in the ice 
conditions of concern to the NSB, to identify which types of 
boom can be effectively deployed and to determining their 
limitations. 

Mechanical recovery 
In most countries mechanical recovery is the priority countermeasure in 

case of an oil spill in open waters. A containment device (boom, arms etc.) is 
normally used in combination with an oil recovery skimmer. In ice covered 
waters a major challenge for oil skimmers, in addition to that of site access 
(see sections 2.1, 2.2), is their ability to process ice, meaning that the skimmer 
should be able to deflect smaller ice floes and slush ice in order to access the 
oil. Some skimmer concepts developed for open waters may have this 
capability. Depending on the prevailing conditions, such as open leads 
between larger ice floes or down-wind of oil installations (e.g. a platform), 
mechanical recovery can be similar to open water conditions (5-30% 
recovery). When skimmers have to process ice however (as little as 10% ice 
coverage during freeze-up) efficiency of mechanical recovery is greatly 
reduced (1-20% recovery), although ice management equipment and tactics 
can increase their usefulness (MMS 2009).  

 

Background A lot of testing to evaluate the performance of different oil 
recovery skimmers in ice and at low temperatures has been 
carried out over the last three decades (MMS 2009). This 
testing has been done mainly in the USA, Canada, Finland 
and Norway. Alaska Clean Seas, Inc. has developed 
strategies and tactics for use of mechanical recovery in the 
near-shore Beaufort Sea. In the ongoing JIP another round of 
testing was done in an experimental ice-basin and in field 
testing. Also, as part of the JIP, two new concepts for 
recovery of oil in ice are being developed and were tested 
both in meso-scale (basin) and full-scale (field). 

Status Among the different skimmer concepts on the market, brush 
skimmers and rope mop skimmers seem to be the most 
promising for recovery of oil in ice. Studies by SINTEF in 
2008-09 in Norway concluded that the LRB 150 Oleophilic 
Brush Skimmer is the best available technology (although 
use in the Arctic would require further winterization). 
Preliminary results from the 2009 field trials showed 
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promising capabilities from two new skimmer designs 
(Framo16 and Ro-Clean Desmi “Polar Bear”17) that should be 
further developed (Sørstrøm et al. 2010). Ice processing, 
defined as deflection of smaller ice floes and slush ice to get 
access to the oil, is an important parameter for mechanical 
recovery of oil in ice. Some brush drum skimmer concepts 
have the potential to process ice (ie. separate ice from oil and 
water) and new developments are based on these concepts. 
The conclusions of the 2009 JIP field trials were that in open 
leads and pockets between large ice floes oil can be 
recovered with an efficiency rate similar to that of open 
water conditions but that reduced efficiency should be 
expected in the presence of smaller ice floes and slush ice 
(Sørstrøm et al. 2010). A key problem encountered in 
mechanical recovery of oil in ice is the difficulty pumping 
recovered oil (high viscosity due to cold and presence of ice 
remnants, frazil ice, crystals, and slush). Improved pump 
designs (primarily screw and auger) for handling highly 
viscous oil include steam/hot water injection. Research and 
development has focused on enhancing existing technologies 
(Nuka Research and Planning Group, Inc. 2007).  

Future R&D Future R&D should focus on further developing the most 
promising skimmer concepts (rope mop and brush 
skimmers) and ice management tools (eg. MORICE) for use 
in the near-shore Beaufort Sea. Recovery of oil under ice 
currently uses tactics to bring the oil to the surface. There 
could be potential for development of mechanical equipment 
for recovery under ice, e.g. based on use of ROV (Remotely 
Operated Vehicle) technology. Again, priority should focus 
on field testing of existing technologies such as skimmers 
and pumps combined with other logistical considerations 
such as vessel type (deployment from ice breakers is not 
possible in the shallow near-shore Beaufort Sea), storage unit 
type and platform design in the specific ice  conditions of 
concern to the NSB. More consideration should be given to 
methods and tools required to respond to a subsea spill. 

                                                 
16 Developed by Framo. Floating and with thrusters. Concept based on the High Wax system. 
17 The “Polar Bear” skimmer, developed by Ro-Clean/Desmi is a winterized, floating skimmer 
with a frame designed to protect brushes from the impact of big ice floes. This skimmer can be 
covered with a special “roof” and be heated if needed. 
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In-situ burning 
In-situ burning (ISB) is thought by many to be among the best options for 

oil spill response in the Arctic, especially at higher ice coverage. The 
methodology is sensitive to the degree of weathering of the oil, but as 
weathering is normally slower in ice than in open water the window of 
opportunity for ISB in ice can be fairly wide. Among the important factors for 
successful ignition and burning of an oil slick in ice are oil type, oil thickness, 
flash point (a function of evaporation and oil type) and degree of 
emulsification (water-in-oil emulsion). 

 

Background In-situ burning has been highly recommended as a 
countermeasure for oil spills in ice for at least three decades 
with R&D and testing taking place mainly in the USA, 
Canada and Norway (MMS 2009). Large experimental burns 
have been performed during field trials. In addition, 
development and testing of fire-proof booms have been 
performed. S.L. Ross Environmental Research, Ltd has been 
working for several years with chemical herding agents 
designed to concentrate oil slicks to a thickness where the oil 
can be ignited (Brandvik et al. 2006, Sørstrøm 2010). 
Continued testing of herding agents was part of the field 
experiment performed during the JIP. Also evaluation of 
ignitability and burnability as a function of oil type and 
weathering has been an important focus of the JIP (Brandvik 
et al. 2006, MMS 2009). Testing of in-situ burning in 
conjunction with fire-proof booms was conducted during the 
2009 JIP field experiment (Sørstrøm 2010). 

Status Previous R&D on in-situ burning combined with results from 
the ongoing JIP will provide a good understanding of the 
potential of this technology for removal of oil in ice. In low 
ice concentrations (<30% per Brandvik et al. 2006) use of fire-
proof booms is recommended as a means to concentrate the 
oil to an ignitable thickness. In the 2009 field test of in situ 
burning conducted near Svalbard, Norway, the presence of 
ice increased the time required to burn off the oil, although 
based on residue analysis the burn was judged to be 90-95% 
effective (Sørstrøm 2010). At higher ice concentrations (>60% 
per Brandvik et al. 2006) ice may act as a barrier that 
concentrates oil to ignitable thicknesses. In moderate ice 
conditions, use of chemical herding agents is being tested as 
a potential means to thicken an oil slick (Brandvik et al. 2006, 
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Sørstrøm 2010). As part of the JIP, herding agents were used 
in a field experiment in 2008 to test their ability to coalesce 
slicks in a larger scale experiment and compare results with 
previous small scale laboratory experiments. The herding 
agents were tested in conjunction with the low wax Heidrun 
oil and resulted in a high efficiency burn (90%) in the 
absence of fire boom. The practicality of recommended ice 
coverage guidelines requires additional testing in different 
ice types (eg. spring break-up and fall frazil/slush). Oil type, 
weathering and emulsification (that could potentially result 
from a subsea pipeline spill or subsea well blow out) affect 
ignitability and burnability and more research specific to 
potential scenarios of the near-shore Beaufort Sea, including 
tools to identify and track pools of oil that are thick enough 
to burn is required. Provided that the oil type is burnable 
and not too extensively weathered, in-situ burning of oil in 
ice has proven to be a versatile countermeasure. 

Future R&D Future R&D should focus on additional testing in large-scale 
operational tests, including use and efficacy of herding 
agents, ignition techniques (including 
weathering/emulsification/timing of burn), recovery of 
burn residue and emissions impacts. The priority should be 
to conduct these tests in true field conditions (including 
expected oil type and ice conditions) that are of concern to 
the NSB. Consideration should be given to the possibility of 
a subsea pipeline spill or oil well blow-out (emulsification, 
thinly spread over a large surface area). 

 

Other aspects 

 Environmental impacts 
There are concerns regarding environmental impacts of dispersants, 

herding agents and in-situ burning. There are large projects ongoing in 
different countries to study potential environmental impacts from oil spills 
and the use of different countermeasures, including under arctic conditions. 
Low toxicity has been reported for chemical herding agents and residues 
from in-situ burning (see Sections 2.4, 2.5). However, research that is specific 
to the oil types, interactions with countermeasures, and ice and salinity 
conditions that prevail during transitional ice periods in the near-shore 
Beaufort Sea is still necessary. 
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 Training 

Training and response exercises are important for all oil spill contingency 

organisations. This includes both training of personnel and ongoing review of 

response plans and actual response exercises using the equipment available. 

Alaska Clean Seas, Inc. (ACS) has comprehensive oil spill contingency plans 

for the North Slope and near-shore Beaufort Sea (mainly shoreward to the 

barrier islands) and is performing regular training and exercises for their 
crew. Training should include exercises during the specific seasons and 
conditions of concern to the NSB (ie. under less than optimum conditions). 
These exercises should be used to refine existing tactics to maximize success 
of existing technologies and to identify how and where current technologies 
are inadequate. 

 
Summary of Promising Areas for Research Development 

 Research and Development Priorities 
In relation to the different ice and weather regimes that will be 

encountered in arctic areas (e.g. ice type, ice concentration, temperature etc.) 
it is important to have a “tool box” of different response techniques, 
equipment and strategies. As previously mentioned a lot of effort has been 
made to improve the oil spill contingency plans for ice covered waters and 
large projects are ongoing. The knowledge and ability to deal with oil spills 
under arctic and sub-arctic conditions has increased significantly over the last 
decade. However, continuous R&D is also required in this area to further 
improve our knowledge and capabilities, particularly in the challenging 
conditions presented by spring break-up, deteriorating ice and fall freeze-up 
(frazil ice/slush). 

The highest priority is to test existing technologies in the specific ice 
conditions of concern to the NSB (ie. spring break-up, deteriorating spring ice 
and fall freeze-up). This is the first step for establishing further research 
priorities and developing a systematic plan to address knowledge gaps. There 
has been a lot of research aimed at developing methods that are applicable to 
the Arctic and an ice environment but, being joint projects, the conditions that 
are simulated tend to be the most globally applicable. While they provide a 
very useful base of knowledge, the applicability to the unique conditions of 
concern in the near-shore Beaufort Sea during spring and fall ice transitions 
(i.e., near-shore environment, typically shallow, extremely dynamic ice 
conditions, different types of ice, North Slope oil with specific properties, 
extreme weather, darkness) is limited. There are limited data that pertain 
directly to the conditions of the near-shore Beaufort Sea (eg. oil weathering 
studies that have included North Slope crude) but most studies/equipment 
testing have included at least some variables that are not typical of that 
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environment, particularly during transitional ice periods. Ideally, actual oil 
spill experiments and field trials, during seasons when sea ice is present, are 
needed in the near-shore Beaufort Sea, with appropriate oil samples to 
improve tactics, improve response equipment and train personnel. Testing of 
both surface release spills and subsurface released spill should be conducted. 

Other Research and Development priorities include: 
 Improved tools for detecting and mapping oil among drifting broken 

ice and encapsulated in and under ice; 
 Improved tools to measure and map oil spill thickness to identify areas 

of pooled oil that may be thick enough to collect or burn. Multispectral 
aerial sensor technology and infrared detection tested in California are 
promising, however more arctic testing is needed; 

 Mechanical response tools that are effective in spring broken ice and 
fall freeze-up conditions, including improved skimmer designs, ice 
management tools and tools for handling recovered oil (eg, pumps and 
containment); 

 Methods to recover oil trapped under ice; 
 Methods and tools to respond to subsea spills; 
 Toxicity studies (using arctic species) of dispersants, dispersant/oil 

mixtures, herding agents and residual material left behind after in-situ 
burns. 

 

 Most promising areas for research and development for arctic-grade oil 
spill clean-up technologies 
Important topics to focus on in the future include: 
 Testing of equipment and tactics in the presence of oil in order to find 

the best countermeasures and to train the people that will deal with 
the oil in the event of an oil spill. In most countries there are 
restrictions on performing experimental oil spills for R&D and training 
purposes. Finding ways to do more testing using oil should be 
investigated, either in the field or in dedicated land based facilities. 

 Improvement of modelling tools in order to predict spreading of oil in 
different ice conditions and to develop trajectory models. This includes 
detection and tracking of oil in ice. It is important to have a good 
overview of where to find the oil and to be able to predict drift and 
spreading over time. 

 Further development of mechanical recovery equipment and 
verification of its capacity in different ice scenarios. This includes 
equipment and strategies for recovery of oil trapped under ice, ice 
management (i.e. ice deflection and separation of oil and ice), 
development of more effective skimmers (i.e. oleophilic skimmers) and 
pumps (designed to pump at high viscosity). 
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 Evaluation of most promising spill clean-up technologies for arctic-
grade oil 
As mentioned a “tool box” including different response equipment and 
strategies will be needed to deal with an oil spill in ice covered waters:  
 In dense ice (70-100%) containing oil, in-situ burning clearly has 

considerable potential. The window of opportunity is expected to be 
fairly long for most crude oils. Testing of potential toxicity to arctic 
biota associated with in-situ burning is vital to assure its appropriate 
use. 

 At lower ice concentrations (below 70 %) in-situ burning is still a 
methodology to be evaluated as having considerable potential. 
However, mechanical recovery can be used with moderate 
effectiveness given optimum ice conditions and should be part of the 
“tool box”. 

2.4 What are the ranges of applicability for in situ burning of oil in arctic 

conditions? What are the environmental effects of in situ burning of oil? What 

is the fate of the asphaltene ‘residue’ that is left behind? 

Ranges of Applicability  
In situ burning (ISB) has long been considered a valuable tool in rapidly 

removing oil from the ocean surface when mechanical containment and recovery 
is insufficient to respond to a spill, especially in broken ice conditions (Brandvik 
et al. 2006; MMS 2009).  ISB procedures have been adapted for application in all 
seasonal arctic conditions from those of open water to the heavy ice conditions of 
winter through early summer, although there have been no actual spill responses 
that have validated the tools and techniques with oils and environmental 
conditions similar to the near-shore Beaufort Sea during freeze-up and break-up. 
The transition seasons of progressive freeze-up during autumn and progressive 
break-up during late spring/early summer are the most challenging because 
characteristics and features of the ice cover are in rapid flux, influenced more by 
currents and winds, and are not necessarily consistent or easily predictable 
(Nuka Research and Planning Group, 2007). In situations when ice severely 
limits or prevents vessel access to areas containing oil, ISB18 may be the only 
viable response method for reducing oil in the marine environment. Appendix 9 
(ACS Technical Manual – Tactics, Vol 1 05/08) contains descriptions developed 
by ACS of tactics, personnel and equipment requirements, and deployment 
considerations and limitations in employing ISB in ice covered waters. 

                                                 
18 Applied from helicopters or other specialized vehicles. 
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 Open water 

In open water, specially designed fire containment boom can be 
deployed to collect and concentrate oil into a thickness sufficient to support 
combustion.  Once the oil is collected the boom is towed to a safe area where 
the ISB can be conducted without endangering on-going response activities.  
Appendix 9, Tactic B-4 in the Alaska Clean Seas Technical Manual describes 
equipment and personnel requirements and deployment considerations and 
limitations. While fire boom may be deployed in open water, the near-shore 
Beaufort Sea environment requires specific logistical considerations. Heavy 
steel fire boom is generally for use offshore, while lighter, fire-resistant boom 
is more appropriate for deployment in shallow near-shore waters (Brandvik 
et al., 2006). 

 Solid ice and snow 

Oil deposited on solid ice and snow can be pushed into large piles and 
ignited (Brandvik et al., 2006).  This method would most likely be employed 
in more remote regions where logistical and safety concerns would limit 
mechanical recovery. Oil that is released under ice may be accessed and then 
burned by cutting trenches or holes through the ice sheet, which allows the 
oil to surface.  Once a sufficient thickness of oil collects in the trench the oil 
can be ignited.  The application of this technique could be associated with oil 
that is free to move beneath the ice if the source is continuous (i.e. spreading 
because the ice‟s holding capacity has been exceeded) or because the under-
ice currents are sufficient to transport the oil along the under-ice surface19. In 
either case, the oil might be intercepted by a slot cut through the ice, allowing 
the oil to surface within the slot and then be removed physically or burned in 
place. A source might be a pipeline failure lying on or below the seabed. 
Appendix 9, Tactic B-5 depicts ISB operational requirements for solid ice 
conditions. 

 Freeze-up conditions 

In freeze-up conditions slicks of oil may be ignited using hand-held 
igniters or heli-torches slung beneath a helicopter.  Appendix 9, Tactic B-3 
provides a description for ISB conducted using a helicopter and the heli-
torch. Depending on the extent of ice, deployment of fire boom may be 
feasible20, although freeze-up is acknowledged to be the most difficult 
environment in which to operate due to the presence of brash ice, slush, and 
an unstable ice platform (Brandvik et al. 2006). Chemical herding agents 
might be useful for thickening oil in conditions that prevent the use of boom, 

                                                 
19 Typically around 0.5 knot or more 
20 Use of fire boom for containment may be feasible in 0-30% ice cover (Brandvik et al. 2006) 
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however temperature, weather, and ice conditions may also preclude their 
use (Brandvik et al. 2006, MMS 2009). Oil that cannot be burned will be 
encapsulated in the growing ice sheet thereby limiting contact with the 
environment and slowing the weathering processes.  Tracking devices would 
be deployed and the oil would be followed throughout the winter until the 
ice sheet begins to melt and the oil resurfaces.  

 Spring melt 

Once the ice sheet begins to melt, oil will migrate up through the brine 
channels in the deteriorating ice and surface in the melt pools.  The ability to 
burn oil released from ice depends largely on the extent of weathering, which 
is believed to be greatly reduced in ice-encapsulated oil (Brandvik et al. 2006). 
The feasibility of this strategy was demonstrated in a 2006 intentional spill21 
near Svalbard, Norway in which 3500 liters of crude oil (Stratfjord crude) 
were injected under the ice in March and burned with 96% recovery in May 
of the same year after being trapped under the ice for 2 months (MMS 2009). 
The weathering properties of North Slope crude oils in ice should be more 
thoroughly investigated since they may differ somewhat from the Stratfjord 
crude used in the Norwegian test. 

 Break-up 

When the ice sheet further deteriorates and breaks up and on-ice 
operations are no longer possible, ISB operations can be conducted using 
small vessels or helicopters depending on conditions (Brandvik et al 2006).  
The ice can act as a natural boom and concentrate the oil along the ice edge, 
alleviating the need to deploy boom in these challenging conditions22.  The 
collected pools of oil can then be ignited using handheld igniters or a heli-
torch as described in Appendix 9, Tactic B-3. 

 

 Other Considerations 
Though in situ burning is a valuable tool for efficient removal of oil23, 

there are numerous considerations beyond ice cover that will affect feasibility 
and effectiveness (Brandvik et al. 2006, MMS 2009). Proximity to people, 
communities, and facilities may eliminate in situ burning as an option 
(Appendix 10, In Situ Burning Guidelines for Alaska, Revision 1, March 

2008). In the near-shore environment, this is of particular concern. Different 

                                                 
21 Cooperative project with MMS, the Norwegian government and SINTEF Applied Chemistry. 
TAR 569; http://www.mms.gov/tarprojects/569.htm 
22 30-60% ice cover provides limited natural containment, 60-90% ice cover provides natural 
containment (Brandvik et al. 2006) 
23 Reported burn efficiencies range from 55-98% depending on oil type, meteorological and 
oceanographic conditions (MMS 2009) 
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oil types behave differently with respect to ignitability, burnability, 
weathering, and interaction with chemical herding agents. There have been, 
and continue to be numerous research projects aimed at addressing these 
issues, and while many have been focused on the arctic environment in 
general, not all are directly applicable to environmental conditions specific to 
the near-shore Beaufort Sea (MMS 2009). Weather can severely affect the 
feasibility of a successful in situ burn both in terms of safe access and also 
physical/chemical effects on the ignition and burning process. Oil may be 
more difficult to ignite at low temperatures but, once ignition is achieved, 
burning will continue regardless of ambient temperature (MMS 2009). Most 
crude oils are still burnable within 2-5 days of a spill and low temperatures 
may slow weathering, extending the potential window of opportunity for 
conducting a burn. Conversely wind and wave action may increase 
emulsification, prevent containment and/or chemical herding efforts and 
reduce ignitability (Brandvik et al. 2006, MMS 2009).  

While useful information has been obtained from actual in situ burns in 
arctic conditions (Norcor 1975, Dickins and Buist 1981) , including an in situ 
burn in brash and frazil ice at the BP Fire Training Ground at Prudhoe Bay 
(Buist et al. 2003)24, more research targeted specifically to the oil types and ice 
types (eg. weathering/emulsification of North Slope crude at low 
temperature and in ice, effect of temperature, oil type, and salinity on efficacy 
of herding agents) encountered in the near-shore Beaufort Sea is necessary in 
order to refine the ranges of applicability of in situ burning as an oil recovery 
method in this environment. Some of these issues are being addressed in 
ongoing research.25  

There are situations where oil might be released from the seabed as a 
result of a blow-out where the free gas released with it is so great and 
turbulent that the oil might be atomized or broken into small droplets that 
could surface over an area with an average thickness (after the oil is re-
coalesced into a floating slick) that might not support combustion. With ice 
and/or booms to help concentrate the oil downstream it might be possible to 
achieve the thickness required to permit ignition and sustained burning. If 
the surfacing oil is emulsified during the release (or from choppy seas after 

                                                 
24 Reduced burn efficiencies in both brash and frazil ice: TAR Project 452, 
http://www.mms.gov/tarprojects/452.htm  
25 Weathering processes in ice a. initiated by MMS in 2004 and b. SINTEF project including lab 
and field tests of different oils in different ice conditions – data to be used to develop and refine 
weathering models and to be verified in field trials near Svalbard, Norway, May 2009 (MMS 
2009, Sørstrøm et al., 2010).  A key obstacle in improved modeling is the limited ability to model 
the highly dynamic variable of ice coverage at an appropriate scale – significant advances in 
modeling require that models of oil behavior and fates, ice cover and hydrodynamics be 
coordinated (Brandvik et al. 2006) 

http://www.mms.gov/tarprojects/452.htm
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surfacing), the emulsion could reduce the effectiveness of burning, especially 
if the water content reaches levels of 20 – 25% or more. All of these processes 
would depend upon the nature of the oil itself, the depth from which it is 
released, the volumes of oil and gas released, and environmental conditions, 
including wind/sea/ice conditions. If the sub-surface release is from a 
submerged pipeline (as opposed to a blow-out), the rates of release and the 
likelihood that very little gas would be released under high pressure, would 
be expected to result in a much less dynamic flow to the surface. Under such 
conditions, one would expect the oil to flow as large streamers and globules 
with less break-up, and to quickly coalesce into a relatively thicker layer of oil 
that might be capable of being ignited. The tendency to emulsify under such 
conditions would also be reduced, resulting in a greater probability of 
successful ignition. The Deep Spill project simulated a release of oil and gas 
from a depth of 844 meters in the Norwegian Sea at the Helland Hansen site. 
Results from the tests indicated that there was no significant emulsification of 
the oil as it rose through the water column, although wind conditions at the 
surface resulted in significant emulsification (Johansen et al. 2001). One might 
expect less emulsification during the oil‟s rise in the water column in the 
shallow waters of the near-shore Beaufort Sea, although turbulence caused by 
weather, sea conditions, and wind conditions at the surface might result in 
significant emulsification. Results from the Deep Spill Project showed water 
uptake that was in fairly good accordance to the model predictions at wind 
speeds of 10 m/s. The sample that had a weathering time at sea of about 0.5 
hours at the sea surface had a relatively low water content (<30%) that was in 
accordance with the water uptake that would be predicted on the basis of 
weather conditions at the surface (still high enough to affect ignitability). This 
indicates that no significant emulsification occurred in the water column as 
the oil was rising to the surface and that the rate of emulsification was driven 
by wind/wave conditions at the water surface. A maximum water content of 
75% was obtained after about 5 hours, with a slight decrease in water content 
observed in the 6 and 7 hour samples. Clearly, even in the absence of 
emulsification as oil rises through a water column, surface emulsification is a 
concern. These studies were not conducted with North Slope crude in 
transitional ice conditions. While there is evidence that weathering might be 
reduced in ice covered water, further study is needed concerning weathering 
of North Slope crude, including environmental conditions (wind/waves) that 
are likely to occur in the near-shore Beaufort Sea during spring and fall. 

In the case of an oil spill immediately adjacent to a facility/rig the most 
likely scenario would be to collect oil in a fire-boom down-wind of the 
structure which would be towed away from the structure and ignited. The 
distance from the structure would be determined based on safety 
considerations for both responders and the facility. It is considered highly 
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unlikely that an in situ burn would be conducted immediately adjacent to a 
facility/rig (per MMS). 

Since the applicability of in situ burning depends on so many variables, 
most of which are still being evaluated, the ultimate decision depends on 
individual circumstances, which is why burn guidelines have been 
established and should be continually re-evaluated, as should Response Gap 
analyses, as new information becomes available. 

  
Alaska Federal and State Preparedness Plan 

Mechanical recovery of oil is the preferred method of oil spill response 
because it physically removes oil from the environment, however if conditions 
limit or prevent use of mechanical means ISB will then be considered as a 
response option.  The Alaska Regional Response Team (AKRRT), an organization 
comprised of Federal and State regulatory agencies tasked with natural resource 
management and response responsibilities have approved the use of ISB in 
Alaska and have developed a comprehensive guideline for making the decision 
whether to implement a burn (Appendix 10 – on CD).  The In Situ Burn 
Guidelines are an appendix to the Annex F - Chemical Countermeasures: 
Dispersants, Chemical Agents, and Other Spill Mitigating Substances, Devices or 
Technology of the Alaska Federal and State Preparedness Plan for Response to Oil and 
Hazardous Substance Discharges and Releases Unified Plan.  

The ISB Guidelines provide spill responders with background regarding 
operational considerations, safe distances to protect residents from emissions 
from a fire, and public health and environmental considerations.  Included in the 
ISB Guidelines is the Application and Burn Plan which must be completed by the 
entity desiring to conduct an ISB and then approved by the Federal, State and 
Local On-Scene Commanders before any burn can be conducted.  The ISB 
application document details the spill event, the environment affected, weather 
conditions, proximity to inhabited areas (camps, towns, etc.), monitoring to be 
conducted during the burn and residue collection and disposal plans so that 
decision-makers have adequate information on which to make their decision.  
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Environmental effects of in situ burning of oil 
In situ burning is used to eliminate large quantities of oil in parallel with 
mechanical recovery or when mechanical recovery is ineffective or impractical. In 
situ burning can remove large amounts of oil and may be an effective tool when 
oil spills occur in broken ice where use of mechanical removal is impeded or 
unsafe. While in situ burning is effective, it produces residues both in the air and 
water. ISB Guidelines have been established to control when and how burns will 
be conducted, taking into account the potential effectiveness and potential 
impacts.  

 Particulates 

Oil burns produce soot equal to 0.1 to about 3 percent of the mass of the 
burned oil (Fingas and Punt, 2000). In most large-scale burns, not enough air 
is drawn into the fire for complete combustion. The burn continues under 
“starved combustion,” and produces a thick, dense, black plume of smoke 
composed of partially-burned byproducts in particulate (soot) and gaseous 
form.  

Particulate size is important because it affects how far the particles travel 
before they settle out of the air and how deeply they are inhaled into the 
lungs. Particulates larger than 10 microns in diameter tend to settle in the 
environment quickly and generally are not inhaled. Smaller particulates may 
be inhaled but travel farther from the burn site before they settle out of the air 
(Shigenaka and Barnea 1993).  

Particulates 5 to 10 microns in diameter may be inhaled, but most are 
deposited in the upper respiratory tract and cleared by mucociliary action, 
which is efficient and relatively rapid. Only particulates smaller than 5 
microns in diameter reach the sensitive alveolar portion of the lungs. 
Clearance of particulates reaching this part of the lungs is much slower and 
less efficient. The median size of particulates reaching the alveolar portion of the 
lungs is 0.5 micron. The mean size of particulates produced by an in situ burn is also 
0.5 micron (Appendix 10: In Situ Burning Guidelines for Alaska, 2008).  

For most populated areas, exposure to particulates only becomes a 
concern at high concentrations. Inhaling high doses of particulates can 
overwhelm the respiratory tract and cause breathing difficulties (Shigenaka 
and Barnea 1993). However, for the very old and very young, and for people 
with allergies, respiratory problems, and cardiovascular disease, exposure to 
particulates can become a concern at much lower concentrations. The 
National Ambient Air Quality Standard of (NAAQS) was revised in 2006 to 
PM2.5 and 35µg/m3 (U.S. Environmental Protection Agency, 2006).26 

                                                 
26 Concentration of particulates ≤ 2.5 microns. 



 

 59 

Several experiments found high particulate concentrations at ground level 
only close to the fire; particulate levels dropped to background levels one 
kilometer downwind of the fire (Fingas et al. 1994a). Particulates in the smoke 
plume were 800 to 1,000µg/m3 near the fire. However, the PM10 
concentrations beneath the plume, even at heights up to 150 to 200 feet above 
the sea surface and one kilometer downwind, never exceeded background 
levels (30 to 40µg/m3). Ground-level concentrations beneath a plume from an 
Alaska North Slope crude oil test burn on the North Slope declined from 
86µg/m3 half a mile downwind of the fire to 22µg/m3 two miles downwind. 
Measurements of near-ground smoke concentrations under the plume from 
two diesel fires27 in Mobile, Alabama, peaked at 25µg/m3 six miles 
downwind in one case and 15µg/m3 six miles downwind in the other (SL 
Ross, 1997 and Fingas et al., 2001). 

These data indicate that only those in close proximity to the burn are 
likely to be at risk from particulate inhalation. With that in mind guidelines 
have been produced establishing procedures to minimize risk to human 
health from in situ burning. These guidelines are based on modeling of plume 
behavior and air quality monitoring and do not permit in situ burning within 
3 miles of a populated area. The guidelines call for monitoring particulates, 
wind speed, wind direction and notifying and sheltering people who may be 
within the zone that could be affected (i.e. hunting, fishing, berry-picking, 
etc.). Monitoring of particulates and air/plume movement is critical, since 
variable conditions (eg. temperature inversions) might produce unexpected 
results. 

In terms of the effects on wildlife, the likelihood of major exposure 
through breathing is fairly small for most species. The plume rises quickly 
away from the surface and usually 200-300 yards from the burn the plume is 
high enough that it is no longer problematic. Particulates are distributed 
widely prior to fallout, reducing their potential impact. However, if animals 
remain near the burn site during a burn there is risk of inhalation exposure 
and consideration should be given to the potential effects of exposure to 
birds. 

 Polynuclear aromatic hydrocarbons and gases produced during in situ 
burning 

 Polynuclear aromatic hydrocarbons (PAHs) are found in oil and oil 
smoke. Some PAHs are known or suspected toxins or carcinogens. Long-term 
exposure to the higher molecular weight PAHs is generally the basis for 
human health concerns. Most of the PAHs in oil are consumed by 

                                                 
27 Differences in combustion between crude oil and refined products likely result in different 
particulate profiles. 
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combustion, reducing total PAHs, including the larger or multi-ringed PAHs, 
by as much as 6 orders of magnitude (Fingas et al., 2001). It is generally 
considered that the risk of health impacts from PAHs associated with in situ 
burning is minimal (Westphal et al., 1994). 
 Volatile organic compounds such as benzene, toluene, n-hexane, and 
naphthalene can contribute to acute health effects, such as nausea and 
headache, at high concentrations. High concentrations of volatile organic 
compounds were present within about 50 to 100 meters of experimental oil 
fires (Fingas et al., 2000). However, even higher levels of volatile organic 
compounds are released from an evaporating slick that is not burning. Since 
volatile organic compounds are consumed during the combustion process, 
burning actually results in lower air concentrations of volatile organic 
compounds than other remedial actions (Westphal et al. 1994). Outside the 
immediate burn area the gases emitted during a burn do not pose a threat to 
human health, because the concentrations in the smoke plume fall below 
levels of concern at very short distances downwind of a burn (S.L. Ross 1997, 
Bronson 1998, and Fingas et al., 2001). 
 Carbon monoxide is a common by-product of incomplete combustion. It is 
acutely toxic because it displaces oxygen from the blood and causes oxygen 
deprivation in the body‟s cells. However, carbon monoxide levels in smoke 
plumes associated with in situ burning have been much lower than levels 
considered to be dangerous even within 30m of the burn (Fingas et al. 1994, 
Ferek et al. 1992, S.L. Ross, 1997 and Fingas et al., 2001). 

Sulfur dioxide is toxic and may severely irritate the eyes and respiratory 
tract. Nitrogen oxides are strong irritants to the eyes and respiratory tract. 
Both gases were either below detection limits or below levels of concern in 
several intermediate volume burns (Fingas et al. 1994, Ferek et al. 1992, Ross 
1997 and Fingas et al., 2001). 

 Effects on marine waters 
 The potential trade-offs of using in situ burning must be considered on an 
incident-specific basis by Federal and State natural resource trustees whose 
resources may be affected by an incident. Those resources include, but are not 
limited to: migratory birds, marine mammals, terrestrial mammals, finfish, 
archaeological and historic resources, public lands, and species and critical 
habitat designated under the Endangered Species Act. It should be noted that 
Federal and State natural resource trustees with responsibility for managing 
public lands will also provide to On Scene Coordinators (OSCs), available 
incident-specific information on people who may be using their lands for 
subsistence, recreation, mineral exploration, research, or other purposes. 

Organisms most likely to be affected by in situ burning are those that use 
the upper layers of the water column, those that come into contact with 
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residual materials and possibly bottom-dwelling (benthic) plants and animals 
(Shigenaka and Barnea, 1993). The surface of the water represents a unique 
ecological niche called the surface microlayer, which has been the subject of 
many recent biological and chemical studies. This is a habitat for many 
sensitive life stages of marine organisms, including eggs and larval stages of 
fish and crustaceans, and reproductive stages of other plants and animals. 
The surface microlayer frequently contains dense populations of microalgae, 
and is also a substrate for microorganisms. While this unique environment 
may be particularly vulnerable to the effects of burning, the high renewal rate 
of the surface microlayer resulting from new growth and replenishment from 
adjacent areas would likely mean that the long-term net loss of biomass 
would probably be small or non-existent (The Office of Technology 
Assessment, 1986). 

Organisms may be affected in a number of ways by in situ burning. 

 Direct temperature effects: 
These could affect organisms at or near the oil/water interface. 

 
 Toxicological considerations: 

While analysis of water samples collected from the upper 20 cm of the 
water column immediately following a burn of crude oil yielded relatively 
low concentrations of total petroleum hydrocarbons (1.5 ppm), 
compounds that have low water solubility or that associate with buoyant 
particulate material tend to concentrate at the air-water interface (U.S. 
EPA, 1986). Higher molecular weight aromatic hydrocarbons, such as 
those produced by the combustion of petroleum, may accumulate in the 
surface microlayer, a unique and vulnerable environment, and have been 
associated with the incidence of tumors and possibly reproductive 
disorders in populations of marine fish. Some of these heavier aromatic 
hydrocarbons are known carcinogens in humans and other mammals. 
However, aquatic toxicity and concentrations of petroleum hydrocarbons 
in the water in the vicinity of both burned and unburned crude oil slicks 
in the open sea is very low. No significant differences were found in the 
measurements of toxicity or petroleum hydrocarbons among water 
samples associated with unburned oil, burning oil, or post-burn 
conditions (Daykin et al. 1994). Burning does not accelerate the release of 
oil components or combustion by-products to the water column (ASTM 
2003). Serious pathologies like tumors have generally been associated with 
longer-term, or chronic, exposures to the hydrocarbons. However, 
exposures attributable to in situ burning would likely be short-term and 
might not result in toxicologically-significant exposures.  
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 Burn residue: 

Burn residue has the potential to impact both surface and benthic 
organisms.  In general, however, the effects are less severe than those from 
a large, uncontained oil spill. The specific fate of burn residue will be 
discussed in more detail in the following section. For the most part, 
contamination is likely to be local in scale and may be mitigated by 
collecting burn residue from the surface following a burn. The ISB 
Guidelines address questions regarding environmental impacts and fate 
of asphaltene residue.  A condition of any ISB is that residues resulting 
from the burn be collected and disposed properly in accordance with 
applicable law.  Despite a responder‟s best efforts, they may be unable to 
recover all residue.  In making the determination whether to allow 
burning, decision makers must fully consider the implications of 
conducting the burn versus other response options. 
 

Environmental effects and fate of asphaltene residue 
In a burn 1-10% remains as „asphaltene‟ residue, a tar-like substance that 

floats in chunks or sheets on the water surface. As the residue cools it can be 
collected. During cooling, residual hydrocarbon vapors are released. The residue 
does not float on the surface indefinitely and the window of opportunity for 
collection is dependent on the initial composition of the oil. Studies on North 
Slope crude indicate that its residues are less buoyant than other oils and begin 
to sink more quickly (Buist et al. 1995 a and b). The ISB Guidelines stipulate that 
collection of burn residues, to the extent practical, is a condition for approving 
the burn. If resources are limited and there is a need to conduct further burns it 
seems likely that the residues would be left to sink to the sea floor.  

Asphaltene residue is relatively chemically inert, certainly in comparison 
to unburned oil, and as such is considered to have little environmental impact. 
However, given the likelihood that a significant amount could be left in the 
aftermath of an oil spill, it is important to understand the potential long-term 
effects on marine communities. 

Residue that floats may pose a threat to shorelines and wildlife. The 
residue may be ingested by fish, birds, and mammals. The residue also may foul 
gills, feathers, fur, or baleen (Shigenaka and Barnea 1993). Residue that sinks 
may affect benthic animals. Residues of Alaska North Slope crude oil are likely to 
be sticky semi-solids or non-sticky solids, depending on the weathering of the oil 
and the efficiency of the burn. Sticky residues pose a greater potential 
environmental risk. They may adhere to birds‟ feathers and disrupt the 
waterproofing of their plumage or be ingested while the bird is preening (S.L. 
Ross 1997).  
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Sunken burn residues can affect benthic resources that would not 
otherwise be significantly impacted by a spill at the surface of the water. For 
example, during the Haven spill in Italy in 1991, approximately 102,000 metric 
tons of oil burned, and the residues sank. The residue was distributed over 
approximately 140 square kilometers of seabed. Local trawl fishermen were 
unwilling to fish in the area for two years after the spill because of the expected 
danger of contaminating their nets and catch (Martinelli et al. 1995). In 1983, 
cleanup contractors ignited the main slick of a spill of Arabian heavy crude from 
the Honam Jade in South Korea. The fire burned intensely for about two hours, 
and the resultant burn residue sank and impacted crabs in nearby pens (Moller 
1992).  
 While burn residue is considered relatively inert, some volatile gases may 
released during cooling and potentially impact organisms at the water surface. 
There are limited studies assessing the toxicity of burn residue on marine 
organisms. Gulec and Holdaway (1999) conducted experiments to assess lethal 
and sublethal effects of burn residue and found that the acute toxicity of burned-
oil-water-accommodated fraction was very low and there was no acute toxicity 
of burn-oil-residue mixture in a 96 hr exposure of amphipods (Allorchestes 
compressa). There were limited sub-lethal effects in one species (affected burying 
behavior of a marine sand snail (Polinices conicus)). Toxicity could depend on oil 
type and species tested, so it would be important to conduct similar studies 
using residue produced by oil typical of the region of concern and arctic-adapted 
species, especially those considered vital to the ecosystem and keeping in mind 
potential vulnerability based on life-stage and season. It would also be useful to 
study longer term exposure since it is likely that the burn residue will be present 
in the environment for extended periods, with particular concern for the benthos.  
 While burn residue is significantly less harmful in the short-term than an 
untreated oil spill, any long term effects can be mitigated by collecting as much 
of the residue as possible. This is included as part of the ISB guidelines and 
deserves attention. The window of opportunity for collection of burn residue 
depends on the specific oil burned (there are many oil types that can be 
produced in Alaskan arctic oilfields), the efficiency of the burn, the degree of 
emulsification prior to burn, the wind/sea conditions, etc. Normally most light 
to medium weight crude oils, still sufficiently fresh to burn, will produce burn 
residues that will remain on the surface for one hour or more, although heavier 
North Slope crude typically has reduced buoyancy, potentially reducing the 
window of opportunity. The buoyant condition will depend upon the above 
factors; however, it will also strongly depend upon the amount of gas captured 
and temporarily held within the residue. Over time enough of the entrained gas 
may escape leaving the residue in a neutral or even negatively buoyant 
condition. Prior to this time, there would be time for those conducting the burn 
to recover the burn residue manually with hand tools, nets, or viscous-oil 
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skimmers, provided the residue is accessible given ice and sea conditions and 
that recovery plans include adequate resources (ie. resources are available to 
continue with residue collection even if continued burning in other locations is 
required). 
 
Potential environmental trade-offs 

As is the case with all response methods, the environmental tradeoffs 
associated with in situ burning must be considered on a case-by-case basis and 
weighed with operational tradeoffs. In situ burning can offer important 
advantages over other response methods in specific cases, and may not be 
advisable in others, depending on the overall circumstances. 

 Pros 
 In situ burning has the potential for removing large quantities of oil 

from the surface of the water with a relatively minimal investment of 
equipment and manpower.  

 Burning may offer the only realistic means of removal that will reduce 
shoreline impacts in areas where mechanical recovery, containment, 
and storage facilities may be overwhelmed by the sheer size of a spill, 
areas of heavy ice coverage, or in remote or inaccessible areas where 
other countermeasures are not practicable.  

 If properly planned and implemented, in situ burning may prevent or 
significantly reduce the extent of shoreline impacts, including 
exposure of sensitive natural, recreational, and commercial resources.  

 Burning rapidly removes oil from the environment, particularly when 
compared to shoreline cleanup activities that may take months or even 
years and be very disruptive to shorelines and their associated biota. 

 In situ burning has the additional attraction of moving products of 
combustion into the atmosphere, where they are dispersed relatively 
quickly.  

 

 Cons 

 In situ burning, when employed in its simplest form, generates a 
highly-visible black smoke plume that may adversely affect human 
and other exposed populations downwind.  

 Burn residues, though normally a small fraction of the oil burned, may 
sink, making it harder to recover the residue and to prevent the 
potential exposure of benthic organisms.  

 For onshore and inland burns, plant and animal deaths and other 
adverse biological impacts may result from the localized temperature 
elevations at the water body surface. While these could be expected to 
occur over a relatively small area, in specific bodies of water at specific 
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times of the year, affected populations may be large enough or 
important enough to represent reasons for not considering burning as 
a clean-up technique.  

 The longer-term effects of burn residues on exposed populations of 
marine organisms have not been investigated. Additional research is 
necessary to investigate the long-term effects.  

 

2.5 What are the environmental effects of herding agents and oil 

dispersants? What is the fate of the dispersant/oil mixture and how does it 

affect the seafloor/ecosystem in general? 

 Herding Agents 
Chemical herding agents are used in fairly small quantities28, sufficient to 

form a monolayer at the margin of a spill. The window of opportunity for using 
chemical herders is limited and they cannot be used in choppy waves or high 
winds. The monolayer does not remain on the surface for a protracted period. 
Formulations of chemical herding agents may change over time. The current 
formulation29 is effective at low temperature and is not affected by differences in 
salinity (SL Ross 2010). Based on the small quantities used and their chemical 
nature (surfactants) they are presumed to have relatively low toxicity, however 
their ultimate fate in the environment is unknown. Studies should be undertaken 
to assess toxicity and other environmental effects of chemical herding agents (eg. 
potential effects on biota at the water/air interface such as seabirds). 

 

 Dispersants 
There are a wide range of policies world-wide regarding the use of 

dispersants. Major considerations include likely efficacy based on viscosity, 
degree of weathering of oil, and environmental conditions such as salinity, 
environmental sensitivity, the ability to provide sufficient mixing energy, and 
potential effectiveness of alternate technologies. When ice or weather interfere 
with mechanical removal or prevent access, dispersants may be preferred. While 
past formulations of dispersants contained toxic degreasers, current formulations 
exhibit relatively lower toxicity (Fingas et al. 1991, Fingas et al. 1995 – from 
Lessard, R.R. & G. Demarco. 2000).  

                                                 
28 In JIP field studies in 2008 offshore of Svalbard, Norway, 3L of chemical herder was applied to 
a 630L spill of fresh Heidrun crude (Sørstrøm 2010); SL Ross 2010 suggests 5L/kilometer 
29 Denoted as USN by SL Ross in mesoscale tests in 2006 at CRREL Ice Engineering Research 

Facility, Ohmsett , and Prudhoe Bay, AK (SL Ross 2010) 
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The toxicity of an agent is determined by both the concentration of the 
agent and the length of exposure time, and is species and life-stage specific. 
When used appropriately – especially with consideration for adequate mixing 
and dilution – both the dispersant/oil concentration and length of exposure time 
are quickly reduced, decreasing potential toxicity. Efforts are being made to 
formulate dispersants that will work more effectively on highly viscous and 
weathered oil (including North Slope crude oil) and in arctic environments 
(Lessard and Demarco, 2000). Increased effectiveness is linked to better 
penetration of the oil and thus quicker dispersion, causing more rapid dilution of 
the dispersant itself. 
 
Fate of the dispersant/oil mixture and its effect on the seafloor/ecosystem 
 Application of dispersants generally results in increased toxicity of either 
the oil or the dispersant alone – a result of formation of smaller oil droplets 
(Table 2). However, when the dispersant is applied under appropriate conditions 
and is effective, the dispersant/oil mixture is rapidly mixed into a much greater 
volume of water, reducing concentration and exposure time by orders of 
magnitude. Interaction with seafloor plants and animals is highly unlikely as 
dispersants are commonly used in deep water (>10 meters; deeper than is typical 
in the near-shore Beaufort Sea), thereby avoiding harmful concentrations at 
depth. If dispersants were to be used in near-shore, shallower waters, potential 
exposure to biota could be increased. In laboratory studies, dispersants increased 
levels of polycyclic aromatic hydrocarbons (PAHs) in the water column, while 
reducing settling to the sediment (Yamada et al. 2003). There have been some 
studies that have considered the use of dispersants in near-shore environments, 
but a key component of these models is that there is adequate mixing energy 
provided by the surf zone (eg. Gilfillan et al., 1985; Ballou et al. 1989; Page et al. 
2000). None has considered the effect of near-shore ice on mixing energy. Recent 
repeated application of dispersants in deep water at the site of a well blow-out30 
raises serious questions about the effects on marine biota when dispersants are 
used in large quantities over extended periods.  

Studies have shown that both naturally and chemically dispersed oils are 
unlikely to have acute toxic effects on marine environment provided there is 
sufficient dilution to rapidly reduce hydrocarbon concentrations. However, 
susceptibility to hydrocarbons and dispersants differ between species and 
developmental stages (Long and Holdway 2002; Singer et al. 1990; Singer et al. 
1991; Neff et al. 2000;). Embryo, larval and juvenile life stages are generally the 
most sensitive (George-Ares and Clark 2000; Marchini et al. 1992). Seasonality is 
also a consideration since the presence or absence of sensitive species may be 
seasonally dependent (Chapman et al. 2007). It is therefore important to develop 

                                                 
30 Gulf of Mexico Deepwater Horizon 2010 
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a good understanding of the species vulnerabilities, including seasonal 
considerations in the near-shore Beaufort Sea.  

 Study of spawning and recruitment of fish in areas previously treated with 
chemical dispersants (following the SEA EMPRESS oil spill off the coast of South 
Wales) did not show any affect of dispersed oil on subsequent success, including 
species known to be susceptible to effects of oil pollution (SEEEC, 1998; SWSFC 
2006) and phytoplankton and zooplankton as a whole (Batten et al. 1998)31.  
Seabed studies in the area affected showed little impact except for marked 
reductions in amphipods (possibly from naturally dispersed oil) which recovered 
within 2 years (Chapman et al. 2007; Levell et al. 1997; Rutt et al. 1998). 

In 1984 the TROPICS study32 in Panama (Baca et al. 2006) compared effects 
of floating untreated oil and chemically dispersed oil in sheltered shallow sea 
areas (i.e. not well mixed), comparing short and long term effects. Dispersed oil 
caused mortality of invertebrate fauna, seagrass beds and corals. Corals 
recovered within 10 years. Floating oil did not affect coral in the long-term but 
had significant effects on mangroves (46% mortality) and therefore also erosion 
of sediment. 20 years later sediments were still releasing visible sheen and adult 
trees were dying (with new trees replacing dying ones). Oil contamination 
remained at the floating oil site, but was no longer detectable at the dispersed oil 
site and there were no more long term effects on the mangrove population. This 
study indicates the benefit of conducting a Net Environmental Benefit 
Assessment (NEBA) and the need to consider longer-term effects. 

Dispersants can be used effectively in some near-shore areas with little 
environmental damage, provided that tides and coastal currents provide 
sufficient dilution to ensure rapid fall-off in oil concentration. Water depth alone 
should not be viewed as a limiting factor – dispersants are often applied in 
shallow water and directly to shorelines in the UK. Negative impacts of 
untreated oil coming ashore may be worse than those resulting from dispersion 
of the same oil (Gilfillan et al. 1985; Sergy 1985; Ballou et al. 1989). The TROPICS 
study (Ballou et al. 1989) in particular demonstrates that application of 
dispersants in near-shore habitats must be based on consideration of the entire 
local ecosystem, the potential for mixing/dilution  and a judgment as to which of 
the resources at risk is of highest priority (Lessard and Demarco, 2000). 
However, this tropical study does not address many conditions that would exist 
in the near-shore Beaufort Sea, particularly during the conditions of concern (ie. 
deteriorating spring ice, spring broken ice and fall freeze-up). It is important to 

                                                 
31 Species included herring, bass, crabs, lobsters, cockles, mussels, winkles, oysters, scallops and 
whelks 
32 TRopical Oil Pollution Investigations in Coastal Systems (TROPICS), November 1984: 
Untreated Prudhoe Bay crude oil and Prudhoe Bay crude oil treated with dispersant were 
released in two separate sites representative of near-shore mangrove, seagrass, and coral 
ecosystems and compared to a reference site, studied over 20 years. 
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consider how ice cover would affect mixing energy, how ice, temperature and 
differences in salinity would affect the chemistry of the oil/dispersants and 
chemical sensitivity of arctic species present during these conditions. The lesson 
of the TROPICS study is not that the use of dispersants is the preferred strategy, 
but rather that the conditions of the local ecosystem, the potential for 
mixing/dilution and the resources at risk are paramount in making the decision 
as to whether to use dispersants. These factors require greater study in the near-
shore Beaufort Sea. 

The interaction of oil and particulates in the water column can be an 
important consideration. Particulates can include both organic and inorganic 
material. Oil-particle interaction mediates physical transport of oil from the sea 
surface to the ocean bottom (for review: Muschenheim and Lee 2002). Formation 
of oil-mineral aggregates (OMA), in particular, contribute to removal of oil from 
low-energy, intertidal environments. Studies are ongoing to understand the 
ecological significance of oil-particle interaction in natural recovery, and 
application of methods to enhance oil-particle interactions as an oil spill 
countermeasure (Lee 2002). 

Oil-mineral aggregate formation increases surface area and prolongs and 
enhances weathering processes such as dissolution, evaporation, and 
biodegradation. Lab and field studies indicate that oil dispersed in association 
with fine mineral particulates is more rapidly biodegraded and removed from 
the environment. Because OMAs are less dense than mineral aggregates and 
often buoyant, the associated residual oil is kept in suspension long enough to be 
dispersed over greater areas. While there has been concern about resuspension of 
residual oil stranded within beach sediments, it has been found that physical 
dispersion, enhanced dissolution and biodegradation associated with OMAs 
lower the concentration of toxic components to which biota are exposed (Lee 
2002). 

There have been conflicting results with regard to the effects of chemical 
dispersants on the formation and fate of OMAs. MacKay and Hussain (1982) and 
Gearing and Gearing (1983) reported that OMA formation was negligible with 
chemically dispersed oil. On the other hand, Guyomarch et al. (1999, 2002) found 
that significant amounts of oil were incorporated into OMAs when oils and 
dispersants were mixed with mineral fines. A recent study done in a wave tank 
to simulate near-shore wave action investigated aggregation of mineral fines 
with physically or chemically dispersed oil and determined dynamic particle size 
distribution of physically and chemically dispersed oil and OMAs (Li et al. 2007). 
Results suggest that chemical dispersants and mineral fines can have strong and 
cumulative effects on formation and transport of oil droplets and OMAs, 
increasing the dissolved and aggregated oil concentrations in the bulk aqueous 
phase and reducing the size of oil droplets and OMAs. Suspension of dispersed 
oil or OMAs may be critical for enhancing oil dispersion because oil that 
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subsequently becomes entrained within bottom sediments may persist for a long 
time due to the slow biodegradation rates of polycyclic aromatic hydrocarbons 
under anaerobic conditions (Quantin et al. 2005). 

While dispersants used under appropriate conditions can be beneficial, it is 
important to continue to assess the impact of oil and oil/dispersants on marine 
species, particularly the benthos. These organisms have been shown to possess 
compensatory responses to pollutants and often have a sessile lifestyle. 
Biomarker responses integrate the effects of pollutants at specific sites. 

 
Environmental impacts of chemical dispersants in cold water environments 

Relative composition of polyaromatic hydrocarbons (PAHs) vary 
substantially among different crude oil types and may bioaccumulate in 
organisms, resulting in disruption of cellular and tissue function. (French-McCay 
2004). In marine invertebrates exposed to oil-related compounds, reduced 
growth and reproduction, increased heart rate and oxidative damage have been 
documented in experimental studies (Johnson 1977, Solé et al. 1996, Camus et al. 
2002 a,b, Neff  2002, Stark et al. 2003). A recent study by Olsen et al. (2007) 
showed sub-lethal stress among some arctic benthic species exposed to 
byproducts of oil. These types of studies should be continued, focusing on arctic 
environmental conditions and biota and on dispersant formulations that are 
currently used in the Arctic. 

There have been few field studies of the effects of dispersed oil in cold 
water environments. One such study was conducted in the North Sea off the 
coast of Norway (API 2002) and compared both toxicity and total petroleum 
hydrocarbon (TPH) for 45 minutes below a chemically dispersed and an 
untreated oil slick. Toxicity and TPH decreased with depth (1 and 5 m) and were 
dramatically increased in the presence of the dispersed oil slick. While levels of 
TPH were dramatically higher below the dispersed oil slick, dilution appeared 
rapid (25% in 15 minutes). Volatile organic aromatics (VOA) were not measured. 
Trends in toxicity and chemistry over the life of spill, including VOA, would be 
useful for better understanding of the relative impacts of dispersed and 
undispersed oil (Word et al. 200833). 

Evaluation of the effects of chemically dispersed oil on arctic species is 
limited to 4 data sets (Word et al. 2008 Appendix B: Published Effects of 
Dispersed Oil on Cold Water Species)34 

 Corexit 9500 was evaluated with Alaska North Slope (ANS) fresh oil, 

dispersed fresh oil, weathered oil and dispersed weathered oil (Rhoton et 

                                                 
33 Prepared by NewFields for Shell Global Solutions (US) INC., and American Petroleum Institute 
34 The NewFields report Appendix C: Cold Water Species Used in Toxicity Tests summarizes 
many other studies that examine the toxic effects of oil and dispersed oil on cold-water adapted 
species, but the above summaries are the datasets that focused on chemically dispersed oil. 
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al. 2001; Perkins et al. 2003 and 2005). The arctic species Chionoecetes bairdi 

(tanner crab) was generally less sensitive relative to the temperate species, 

Americamysis bahia (formerly Mysidopsis), although this depended to some 

degree on how test results were reported. 

 Barron et al. (2003) evaluated the effects of untreated and chemically 

dispersed ANS crude to herring eggs and larvae and found both to be 

more toxic in the presence of sunlight, with UV increasing toxicity from 

1.5 – 48 times. 

 Ramachandrun (2004) evaluated changes in PAH uptake by Oncorhynchus 

mykiss (rainbow trout) in the presence of dispersed oil (Corexit 9500 and 

Mesa and Terra Nova oils). The bioavailability of PAHs to fish increased 

with dispersed oil and was dependent on the viscosity of the oil. 

 Khan and Payne (2005) found that mortality was greater in cod (Gadus 

morhua) and sculpin (Myoxocephalus octodecemspinosus) exposed to 

dispersed oil than oil alone and that mortality in the presence of 

dispersant, oil and oil-dispersant was greater for capelin (Mallotus villosus) 

and cod than for the bottom dwelling sculpin. 

 

In addition to these datasets, data were collected related to bioavailability 

of hydrocarbons in a controlled cold water oil spill off the coast of Norway in the 

recently completed Oil in Ice JIP (Sørstrøm et al.  2010). These data included 

measurement of oil components in the water column collected by passive 

SMPD35 and dissolved hydrocarbons and oil droplet size distribution in the 

water column after chemical dispersion. These data will be used to determine 

exposure concentrations for a limited number of controlled experiments 

measuring body burden and biological effects on arctic amphipods (Sørstrøm et 

al.  2010). Olsen et al. (2010) presented data comparing sensitivity of temperate 

vs. arctic species to the effects of 2-methyl naphthalene (a toxicant present in oil 

discharge). In this study numerous taxa were represented from different 

functional groups (eg. grazer, detritus feeder, predator, filter feeder). These 

studies suggested that grazers were the most sensitive to 2-methyl naphthalene. 

While temperate species appeared slightly more sensitive than arctic species, 

arctic species appeared to respond more slowly and it may be necessary to adjust 

protocols to beyond 96 hrs to fully explore toxic effects. 

                                                 
35 Semi Permeable Membrane Devices (SPMDs) mimic biological systems to provide a measure of 
bioavailable pollutants in seawater. Their passive transport mechanisms are similar to those of 
fish gills. SPMDs accumulate water soluble oil components by the use of diffusion.  



 

 71 

The literature review of dispersed oil on cold water species prepared by 

Word et al. (2008) stated: 

 

“The API (2002) field study measurements are not sufficient to provide a 

point of comparison for the toxicity test results. Measurements need to 

include VOAs and should include time intervals following dispersant 

application, including periods of several hours to days. Any simple 

extrapolation of laboratory data should be viewed with caution.  

Summary Conclusions: Laboratory tests are designed to isolate and 

identify the potential contribution of physical and chemical factors. They 

intentionally eliminate certain environmental factors that can drastically 

alter dispersed oil toxicity in the field. While difficult to conduct, detailed 

and controlled field investigations in combination with careful and 

controlled laboratory studies are required to fully understand the 

potential effects of dispersed oil. The available data set is far too limited to 

make any definite predictions regarding the toxicity of dispersed oil to the 

Beaufort Sea trophic food web.”36 

 

In consideration of how to structure an effective research program, the 

NewFields report (Word et al. 2008) referenced a review of a large toxicity testing 

program (CROSERF) by Barron and Ka'aihue (2003) that summarized key points 

for adapting the program for cold water testing. Since dispersant effects are 

dependent on many parameters (eg. test species - including life stage and 

behaviors, salinity, temperature, wave energy, and dispersant application), it is 

imperative that cold water test methods and test species be developed to 

accurately assess impacts from dispersed oil in a cold water environment (Word 

et al. 2008).  

In determining which cold waters species should be used for testing 

toxicity of dispersed oil there were several characteristics considered, including 

ecological or economic importance, sensitivity to contaminants being tested, 

availability, and ability to withstand laboratory testing. In addition, it was 

considered important that the testing program consider life stage and include 

several species representing different phyla since it was recognized that toxicity 

of dispersed oil cannot be accurately determined by a single representative 

species (Word et al. 2008). 

                                                 
36 Word et al. 2008 Literature review of the effects of dispersed oil with  

emphasis on cold water environments of the Beaufort and Chukchi Seas 
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In addition to identifying appropriate species and environmental 

parameters (eg. temperature, salinity, light regimes, oil likely to be encountered), 

the NewFields Report (Word et al. 2008) identified other considerations for 

planning research, including conducting detailed chemical analyses on the test 

solutions (VOA, THP, THC and, if appropriate, quantifying specific PAHs and 

alkly homologs), measuring effects beyond 4 days (96 hrs) and understanding 

complex environmental relationships such as the role of hydrocarbon-degrading 

microbial populations and the interactions of dispersed oils with suspended 

particles, plankton, and solar radiation. 

The NewFields report (Word et al. 2008) was followed by a workshop in 

Anchorage, AK (The Effects of Dispersed Oil: Emphasis on Cold Water 

Environments of the Beaufort and Chukchi Seas March 27-28, 2008; Word et al. 

2010), attended by members of industry, government, scientists, and members of 

the North Slope Borough communities. The workshop identified elements that 

would be required to create a Net Environmental Benefit Assessment (NEBA) for 

the use of dispersants in the Arctic (McFarlin et al. in prep). The goal of a NEBA is 

to determine which available response options offer the greatest environmental 

benefit by comparing relevant environmental risks and benefits associated with 

various arctic response options (including natural recovery). The consensus of 

the workgroup was to develop test protocols using existing CROSERF protocols 

with modifications suggested by NRC and Barron and Ka'aihue (2003). The 

Proceedings from this workshop include a list of potential test species and testing 

conditions agreed upon by participants (Word et al. 2010). Following the 

workshop, a Joint Industry Program to Evaluate the Effects of Dispersed Oil on 

Cold Water Environments of the Beaufort and Chukchi Seas (JIP) was formed by 

ExxonMobil, Shell, and Statoil. The objectives of the JIP (McFarlin et al. in prep) 

are to determine the toxic effects and biodegradation rates of dispersed oil under 

arctic open water conditions. Specific goals include:  

 determine the toxicity of dispersed Alaska North Slope (ANS) crude oil to 

indigenous copepods (Calanus glacialis) and arctic cod (Boreogadus saida) 

compared to non-dispersed oil and to further compare those results to 

temperate species 

 determine the biodegradation rates of dispersed oil compared to non-

dispersed oil. 

The two key species were primarily chosen based on their location in the 

pelagic food web. In order to mimic natural arctic conditions in the laboratory as 

much as possible, all water used in this study is fresh seawater collected from the 

surrounding Beaufort and Chukchi Seas.  When collecting indigenous test 

species, environmental parameters such as temperature, dissolved oxygen, 
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salinity, pH and light intensities are measured and applied to the laboratory 

conditions (McFarlin et al. in prep).  

The laboratory and cold room testing space is leased from the Barrow 

Arctic Sciences Consortium (BASC) located in Barrow, Alaska. The building and 

the land is managed by the Ukpeaġvik Iñupiat Corporation (UIC).  The 

laboratory is situated in the Barrow Arctic Research Center (BARC), which is a 

new facility located on land that was part of the old Naval Arctic Research 

Laboratory (NARL).  Staff from the University of Alaska Fairbanks (UAF) 

conduct the field and laboratory activities, with oversight and support provided 

by NewFields Northwest LLC (McFarlin et al. in prep).  

Phase 1 of this project has been completed and included determining 

relevant species to the Beaufort and Chukchi Sea ecosystems, creating and 

setting up a toxicity and biodegradation laboratory with a cold room in Barrow, 

Alaska, developing collection and culture methods for test organisms, and 

developing toxicity and biodegradation test protocols. Seasonal differences in 

biodegradation are being determined by calculating biodegradation rates from 

measured oxygen consumption in different seasons with variation in light and 

water temperature. Toxicity tests are ongoing and include standard reference 

toxicity tests and tests with oil and dispersed oil, both fresh and weathered 

(McFarlin et al. in prep). 

The species distribution of the Beaufort Sea food web is defined largely by 

salinity and temperature of two distinctly different bodies of water, the Near-

shore Brackish Water (NBW) and the Arctic Surface Water (ASW)37 (Craig et al. 

1984). The choice of species and conditions for this suite of research projects was 

based on the ASW ecosystem, which would be the most likely impacted by 

dispersed oil (Word et al. 2008). In order to fully understand the environmental 

effects of chemically dispersed oil in the near-shore Beaufort Sea, analogous 

studies would be needed with consideration to ecologically relevant species and 

environmental conditions of the NBW. In addition, field testing is necessary to 

validate laboratory observations and conclusions (Word et al. 2010). 

 

Tainting and perception of food safety 
Subsistence users traditionally rely on observation and experience to 

decide if food is safe to eat. When environmental change appears to result in 
observable changes to wildlife and subsistence foods, there is concern about food 
safety (Miraglia 2002). In the aftermath of an oil spill and/or the application of 
chemicals to mitigate oil effects (eg. chemical dispersants, chemical herding 

                                                 
37 The ASW includes all open waters, extending to a depth of approximately 100 m and is 
typically colder (-1° to 10° C) and more saline (30‰ – 34‰) than the NBW. 
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agents, burn residue) subsistence users are vigilant to changes in wildlife and 
food that might be perceived as unsafe and/or unpalatable. The issue of tainting 
and the perception that food resources might not be safe to eat after wildlife has 
been exposed to oil is a concern for communities that rely on subsistence as well 
as to commercial harvesters. 

Finfish and shellfish exposed to crude oil or its products may become 
tainted if oil-derived substances absorbed by tissues result in unpleasant taste 
and/or odor (Baker 1999). Composition of oil, mode of uptake and subsequent 
metabolism affect the degree to which tainting might occur (Law and Hellou 
1999, Davis et al. 2002). It is difficult to provide clear scientific guidelines with 
respect to tainting – the presence or absence is based on sensory rather than 
chemical assessment (large variation in sensitivity between individuals, 
vulnerable to bias); there is little known about what concentrations of PAHs 
result in tainting; background levels of PAHs vary between species and because 
of varied exposure in the natural (non-oil spill) habitat.  In addition there are 
naturally occurring phenomena that can cause fish to have unusual odors and 
flavors (Davis et al. 2002). While there have been studies that have demonstrated 
a relationship between exposure to oil and taint, and in some cases chemical 
thresholds have been determined for specific oils and species, it is difficult to 
apply such laboratory-based thresholds to an actual oil spill because there is such 
wide variability in possible environmental and chemical (ie. oil composition) 
conditions (Davis et al. 2002). Depending on the amount of mixing energy in a 
system, dispersants may lower the threshold at which tainting occurs. The key is 
the degree to which the components causing taint have been solubilized, 
regardless of whether that occurs by external mixing energy or by the application 
of dispersants (Davis et al. 2002). 

There have been reports of increasing numbers of eastern North Pacific 
Gray whales that exhibit a strong medicinal odor (Rowles and Ilyashenko 2007). 
Tissues from these whales are unpalatable and considered inedible. It is still 
unclear what causes this condition, although analyses suggest no direct link to 
anthropogenic sources (no differences in organochloringes, PAHs, or heavy 
metals). There is evidence of increased volatile organic compounds such as 
aldehydes, ketones, and alcohols in the tainted meat.  Two hypotheses being 
considered include altered metabolism as a result of dietary changes or the 
presence of specific bacteria, fungi, and/or biotoxins38. In addition a similar odor 
has been noted in the meat of ringed seals, bearded seals, walruses, the eggs of 
murres, and some cod (Rowles and Ilyashenko 2007).  

The possibility of tainting is of concern to the residents of the NSB since 
they rely heavily on food resources that could be impacted by an oil spill. The 

                                                 
38 In some cases tingling and numbness have been reported by hunters who have eaten “stinky” 
whale blubber or meat 
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importance of having safe and palatable subsistence foods heightens awareness 
and caution with respect to eating foods exposed to oil and other chemicals. 
While chemical analyses of sample foods may be able to allay some of these 
concerns, the fact that not all sources of tainting can be easily identified may lead 
to avoidance of foods associated with an oil spill or chemicals used to treat a spill 
(Miraglia 2002). 
 
Summary 
 Dispersants have been shown to be very useful in the clean-up of oil when 
used appropriately. They may be particularly useful in some ice conditions 
where mechanical recovery and access in general is limited. However, the 
conditions under which dispersants are effective are very specific. In particular, 
it is important that adequate mixing energy is available, for this is the mechanism 
by which the toxic components are diluted, reducing exposure to acceptable 
levels. The near-shore Beaufort Sea, does not appear to meet these conditions, 
particularly under the ice conditions of concern (deteriorating spring ice, spring 
broken ice and fall freeze-up). Without adequate mixing, toxicity of 
oil/dispersant mixture will be increased. Other considerations include 
effectiveness in potential arctic conditions, including low salinity and with 
viscous and/or weathered oil. There are ongoing projects designed to test 
dispersants under conditions specific to the arctic environment and with 
ecologically important arctic species. These kinds of data are necessary to create a 

NEBA with the aim of determining which available response option(s) offers the 

greatest environmental benefit by comparing associated environmental risks and 

benefits. If there is any intent to use dispersants in near-shore waters, similar 

studies should be undertaken targeting NBW species. 
 

2.6 What are the best ways to work ‘flexibility’ into response plans in order 

to be able to best/most effectively respond to the highly variable and poorly 

predicable arctic conditions that have been the norm for over the last decade? 

Flexibility requires that responders have the capability and the authority 
to respond during unpredictable conditions. Contingency plans are developed to 
delineate the available and appropriate responses to specific scenarios. These are 
developed to document one‟s capability to respond to potential events and to 
establish the minimum resources required. However, there are a number of 
variables that might alter a given response, making it important to find ways to 
work flexibility into response plans.  

While the components of the environment are the same from one year to 
the next, the conditions on the ground might vary significantly over time. The 
extent of ice formation and the timing of freeze-up and break-up might change 
significantly – and this has, in fact, been a hallmark of arctic conditions over the 
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last decade.  This can have profound effects on safe access to oil-spill sites (eg. 
thin ice, broken/deteriorating ice and increased storm activity restrict safe 
access), and effectiveness of response. While responders understandably would 
want access to “all the tools in the box” in order to respond quickly to 
unpredictable conditions (both daily and seasonally), there is still a need for 
approval of specific responses based on human and other environmental 
considerations. For instance, approval of in situ burning might be predicated on 
how close the burn occurs to human activity (such as hunting, fishing, berry 
picking) as well as oil and gas infrastructure. These may be seasonal activities 
whose timing and location might change based on environmental changes. At 
the same time, environmental changes might also increase the need to consider 
the use of in situ burning. Safeguards must be in place to prevent unacceptable 
human/environmental exposure. So, the key is finding ways to allow responders 
to access all appropriate tools while still safeguarding important human 
activities and environmental resources. 

Streamlining the approval process for specific response strategies 
increases flexibility by giving responders immediate access to available 
technologies. Where pre-approval is possible and appropriate it should be 
utilized. The pre-approval approach should include safeguards to account for 
human/environmental impacts that might not have been expected based on 
previous experience with extent and timing of ice. Inclusion of local knowledge 
and participation of knowledgeable community members will help to make 
approval more responsive to changing conditions. Maintaining effective lines of 
communication is also vital since decisions may be made quickly and might 
require input from a number of sources. Again, this communication should 
include knowledgeable members within and among communities, since this will 
aid in mobilizing resources and personnel. 

Appropriate infrastructure is a vital component for allowing flexibility in 
oil spill response. Port infrastructure improvements are needed along the 
Beaufort Sea coastline to support a large-scale oil spill response. Additional port 
infrastructure and equipment caches along the coastline will improve access, and 
expedite response. 

Understanding the capabilities, limitations, and availability of current and 
developing technologies under specific conditions is also necessary when 
planning for flexible response. Past and ongoing research and development of 
technology for responding to oil spills in arctic conditions, specifically in ice, is 
helpful but not necessarily directly applicable to conditions in the near-shore 
Beaufort Sea. Existing and newly developing technologies need to undergo 
regular systematic field testing in order to ascertain capabilities and limitations. 
These tests should be done under realistic and varied environmental conditions, 
ideally in the locations where a response is considered likely. It is only by 
assessing current capability that one can make realistic judgments about tactics 
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and find solutions to technical limitations. There have been some examples of 
field testing in the near-shore Beaufort Sea (eg. Robertson and DeCola 2000) but 
this process should be conducted more regularly and under more realistic 
conditions. A systematic approach to such field tests would include the 
following: 

 Identify available technology 

 Assess the ability to deploy in the near-shore Beaufort Sea and investigate 
any modifications that might allow non-traditional 
deployment/operation. 

 Conduct field tests of both deployment and operation in conditions of 
deteriorating spring ice, spring break-up and fall freeze-up 

 Consider tactical changes that might improve capabilities 

 Consider physical modifications that might improve capabilities 

 Test modifications, whether physical or tactical 

 Consider limitations based on weather (storms, wind, temperature, 
darkness, shifting ice) 

 Critically evaluate current stockpiles of response equipment to assess 
whether the best available technology has been acquired 

 As new technology is acquired/developed continue the field testing 
process 

 Perform ongoing GAP analyses to identify conditions during which a 
response is not possible 

 
This should be a dynamic process that builds on results from previous 

testing. It should be done on a regular basis and involve a wide variety of 
personnel including industry, government, academia and other members of the 
community. These tests can also serve as training drills, allowing everyone 
involved to be become and remain familiar with current capabilities and 
operations and allowing a dynamic interchange of ideas. 

Existing equipment should be assessed and replaced, as appropriate with 
new, improved equipment. ACS‟s inventory includes a number of pieces of 
EVOS equipment. This equipment is now over 20 years old and should be 
replaced with new equipment that meets a best available technology standard. 
Any EVOS equipment that is retained should be tested to confirm that it is 
suitable and capable of performing its intended function. Skimming units that 
separate oil from ice are needed for the ACS inventory. A significant amount of 
ACS R&D funding was invested into developing the MORICE skimmer for use 
in higher ice concentrations but this skimmer is still not commercially available. 
SINTEF has reported that there are skimming units that are commercially 
available and effective for separating oil from ice as well as new units under 
development. ACS should purchase the best available units for its inventory to 
expand the response window. The ACS inventory should be improved to include 
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ice-capable open water containment boom (e.g. Norlense) and other high tensile 
strength boom. ACS‟s tactical manual should be updated on a regular basis to 
include improvements in ice management and tactics like those recommended in 
ADEC‟s 2007 Report (Nuka Research & Planning, LLC. 2007) and those that 
would be generated with continued and regular field testing. 

Additional equipment is needed to improve in situ burning capability. 
Burn efficiencies exceeding 90% can be achieved if emulsified oil can be 
contained and thickened to ~5-6mm. However, burn efficiencies will be 
substantially lower for thin slicks, subsurface oil releases, and weathered crude 
oil. Tools are needed to identify and track pools of oil that are thick enough to 
burn so that limited resources can be concentrated in areas with the greatest 
potential for successful in situ burning. There are significant logistical, technical, 
and safety challenges that remain in tracking, accessing, and igniting oil slicks 
and recovering burn residues. Ice class vessels should be added to the ACS 
inventory to improve access to spilled oil to initiate burns. Support from 
additional aircraft equipped with ignition equipment is required to increase the 
ability to simultaneously ignite a large number of burns and sustain burns.  

 

2.7 How will arctic circulation (air and current) and ice changes affect spill 

trajectories and dispersal of oil?   

Timing of seasonal ice transitions and extent of seasonal ice coverage in 
the Arctic are in flux.  While these changes will impact trajectories and available 
responses to oil spills, generalized climate models that address ocean and 
atmospheric circulation are of little or no use to oil-spill responders for 
immediate or short-term prediction of oil spill trajectories. However real-time 
and area specific oil prediction models that use actual wind and current input 
have been shown to be useful. 
 The immediate question in the wake of an oil spill is where is the oil and 
where is it getting dispersed within the region of interest?  More specifically, 
what is the answer to this question during spring break up and fall freeze up? 

Climate change is a larger issue which cannot be realistically addressed in 
this forum.  The primary reason is that state-of-the-art models that relate the 
influences of global change to the arctic coastal environment are neither 
sufficiently accurate nor do they provide information on spatial and temporal 
scales useful for oil spill management.      

However, with respect to oil trajectories and dispersion prediction, there 
are tools that can be brought to bear on the problem.  In particular, remote 
sensing can be very useful. For example, spilled oil will tend to follow the 
movement of ice within a partially covered (e.g. spring and fall) ice field;  
therefore tracking ice floes with remote sensing systems can provide practical 
information to make informed spill management decisions. 
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Studies on correlation between oil and ice floe trajectories are needed to 
quantify how much of the spilled oil remains with an identified ice floe.  
However, in the absence of such studies is safe to assume that oil and ice flow 
together. 

 
There are three ways to track ice via remote sensing techniques: 
1. Better utilization of the existing Barrow ground based radar  
2. Integration of SAR (synthetic aperture radar) ice floe imagery into the 

existing North Slope Borough GIS system which can be useful for the 
interpretation of real-time data, or as background information. 

3. Consider acquisition and use of HF (high frequency) radars, also known 
as CODARs 
 
Figures 3 and 4 show freeze-up and break-up, respectively, in the vicinity 

of Barrow. They demonstrate the power of remote sensing technologies that are 
available now and can be brought to bear on the problem of understanding oil 
spill trajectories during critical ice transition periods.   Successive images such as 
these can be combined to construct a “movie” of evolution of the ice field with 
time (Figures 3, 4). If a spill occurs during these periods, the “follow the ice” rule 
can be applied and valuable estimates of the oil-spill trajectory are possible for 
making informed spill management decisions.  An example of such a movie can 
be found here39. 

Second, addressing the specifics of this review relating to the broken ice 
conditions that exist during spring break-up and fall freeze-up, it is important to 
emphasize that conditions associated with fall freeze-up and spring break-up 
make interpretation of remote sensing data more difficult.  Thus extracting 
information relating to spilled oil in broken ice from remote sensing data is 
something we view as not reliable for an informed management decisions. More 
research involving the detection of spilled oil within a field of broken ice is 
recommended.  Note: it is important to distinguish this difficulty from 
determining the movement of broken ice floes as mentioned above. 

Remote sensing can also play an important role by providing an up-to-
date synoptic image that can be integrated into existing Borough GIS to provide 
a tool that will efficiently convey to the public the situation at hand and the 
potential consequences. 

The remote sensing tracking of ice floes in the absence of any spill event 
provides useful information to the subsistence hunting and fishing community 
and the Barrow commercial maritime community, as well as being useful in the 
event of a spill.  The fate of land-fast ice during spring break-up (e.g., does it melt 

                                                 
39 break_up.wmv 

file:///C:/Users/maggie/Documents/NSB_SAC/NSB%20SAC%20Draft%20Report/Revised%20SAC-137/break_up.wmv
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in place or further out to sea) is necessary information for oil spill remediation 
and is a research question that we recommend addressing. 

When there is sufficient open water, ocean wind and sea state information 
can be provided by existing satellite systems (e.g., WINDSAT, ENVISAT, 
RADARSAT).  This information, again integrated into existing Borough GIS, can 
be the necessary information for improved situational awareness during these 
conditions.  

When burning is indicated, a critical issue is the smoke plume and its 
trajectory.  For this problem , there exists validated operational plume models 
(e.g. ALOHA) which, coupled with the Borough GIS, can be used as a decision 
aid.
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Table 1: Assessment by ACS of ice capability of oil spill response equipment 

               
               

  
Mode of Transport Skimmers Containment Storage Burning 

  
Airboat 

Bayboats/ 
Munson 

Landing 
Craft  

Helicopter 
(transport/Insitu 

Burning only) 

Hovercraft 
(transport 

only) 

Small 
Disc 

/Drum 
/Brush 

Rope 
Mop 

Large 
Skimmer 

(i.e. 
LORI 

Brush) 
Direct 

Suction Boom 
Mini 

Barges 
Bladders/ 

Tanks Insitu 

C
o

n
d

itio
n

s 

Melting Ice X     X X X X   X X   X X 

Overflood X     X X X X   X X X X X 

Spring Rotting Ice X     X X X X   X X X* X X 

Near-shore Broken Ice** X X X X X X X X X X X X X 

Offshore Broken Ice (0 to 4/10) X X X X X X   X X X X X X 

Offshore Broken Ice (4 to 7/10)   X X X   X     X X X X X 

Offshore Broken Ice (7 to 10/10)       X                 X 

Fall Freeze Up (Slush) X X   X X       X X X X X 

Solid Ice (up to 6") X X***   X X X X   X   X X X 

Solid Ice (6" to 12") X     X X   X   X X X X X 

Solid Ice (Greater than 12") 
Response strategies based on ACS Tactics Manual Tactic L7 - Recommended Ice Thickness vs. Load.  As ice develops, equipment and manpower use, for mechanical 
recovery, becomes unlimited.   

               

 
For existing ACS inventory, does not include response from tug and large barge.       

      

 
*Limited to near-shore river drainages  

     
  

      

 
**Prevailing wind conditions may limit capabilities 

    
  

      

 
***Bayboats will break ice, changing situation to Offshore Broken Ice 

  
  

      

 
  

      
  

      

 

All access strategies are based on assumptions of fair weather and other conditions that may or may not exist on any given 
day.  
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Table 2: EPA National Contingency Plan Product Schedule: Dispersants  (http://www.epa.gov/oem/content/ncp/product_schedule.htm) 

Dispersant40 Toxicity LC50 (ppm)41 
Dispersant Alone 

Toxicity LC50 (ppm) 
No. 2 Fuel Oil Alone 

Toxicity LC50 (ppm) 
Dispersant & No. 2 Fuel Oil 

(1:10 Dispersant:Oil) 

Application Rate 
(product:oil) 

Effectiveness42 
(%) 

Prudhoe Bay 
Crude 

Original  
or Revised 
Listing Date 

 96 hr 
Menidia 
beryllina 

48 hr 
Mysidopsis 

bahia 

96 hr 
Menidia 
beryllina 

48 hr 
Mysidopsis 

bahia 

96 hr 
Menidia beryllina 

48 hr 
Mysidopsis 

bahia 

 

BIODISPERS
43

 
(formerly PETROBIODISPERS) 

13.46 78.90 12.42 2.82 5.95 2.66 5-10% 51.0 Jun 28, 2002 

COREXIT® EC9500A 
(formerly COREXIT 9500) 

25.20 32.23 10.72 16.12 2.61 3.40 1:50-1:10 (2-10%) 
or 2-10 gals/acre 

45.3 Dec 18, 1995 

COREXIT® EC9527A 
(formerly COREXIT 9527) 

14.57 24.14 10.72 16.12 4.49 6.60 1:50-1:10 (2-10%) 
or 2-10 gals/acre 

37.4 Dec 18, 1995 

DISPERSIT SPC 1000™ 
(SEACARE E.P.A) 

3.5 16.6 11.6 11.7 7.9 8.2 1:50-1:10 (2-10%) 
or 2-10 gals/acre 

40 Apr 22, 1999 

FINASOL  OSR 52
44

 11.66 9.37 5.95 2.37 5.40 2.37 1:5-1:5 (2-20%) 32.5 Jan 30, 2003 

JD-109 1.90 1.18 9.35 3.13 3.84 3.51 1:50-1:10 (2-10%) 26 Sep 20, 2000 

JD-2000™ 407.00 90.50 8.39 2.58 3.59 2.19 1:50-1:10 (2-10%) 60.4 Aug 6, 2001 

MARE CLEAN 200
45

 
(formerly MARE CLEAN 505) 

1996 938 10.72 16.12 42.96 9.84 53-66 gals/ton
46

,
47

 63.97
48

 Jan26, 1996 

NEOS AB3000
7 

91.1 33.0 201.8 11.5 57.96 25.0 65-100 gals/ton 19.7 Jan 26, 1996 

NOKOMIS 3-AA 34.22 20.16 22.5 11.07 7.03 5.56 ~5 gals/acre 63.20 Jul 31, 2008 

NOKOMIS 3-F4 29.80 32.20 100.0 72.7 100.00 58.40  62.20
49

 Mar 4, 2002 

SAF-RON GOLD  
(SF-GOLD DISPERSANT) 

29.43 63.00 16.79 5.93 9.25 3.04 1:50-1:10 (2-10%) 
or 2-10 gals/acre 

84.80 Jan 3, 2005 

SEA BRAT #4 30.00 14.00 16.00 14.00 23.00 18.00  60.65 Nov 26, 2002 

ZI-400
50

 
(ZI-400 OIL SPILL DISPERSANT) 

31.76 20.96 18.05 2.66 8.35 1.77 1:10 (product:water) 50.10 Mar30, 2009 

                                                 
40 Spillclean (FIREMAN’S BRAND SPILLCLEAN) not included because it is for surface and land use only 
41 Toxicity generally derived using concentrated product 
42 Swirling Flask Dispersant Effectiveness Test 
43 40-65°F water 
44 Not recommended for low salinity water 
45 EPA has not received updated contact information for this product as of 12/01/08 
46 Below 40°F or with heavy crude oil, should be applied undiluted 
47 1:10 (10%)  is equivalent to about 26 gals/ton 
48 Not affected by salinity 
49 Effective in salt water and can be used on water of any temperature 
50 Application at or above 35°F, optimum 48°F 
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Figure 1: Bathymetry of a portion of the western Beaufort Sea including the location of the Northstar production facility.
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Figure 2: BP oil spill trajectories given prevailing wind and sea current conditions under typical summer 
conditions. Note that most oil will likely move SW, but under westerly winds (which occur about 25% of the 
time) oil will move to the east and off-shore. 
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Figure 3: BP oil spill trajectories given prevailing wind and sea current conditions under typical winter 
conditions. Note that most oil will likely move SW, but under westerly winds (which occur about 25% of the 
time) oil will move to the east and off-shore. 
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Figure 4: Image of freeze-up off Barrow taken November 1, 2007. The Radarsat-1 SAR image is available through 
the Alaska Satellite Facility at UAF. © Canadian Space Agency, 2007 
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Figure 5: Image of break-up off Barrow taken May 15, 2007. The Radarsat-1 SAR image is available through the 
Alaska Satellite Facility at UAF. © Canadian Space Agency, 2007 

  



 

 88 

 GLOSSARY OF ACRONYMS 

 
ACS: Alaska Clean Seas, Inc. 
ACV: Air Cushion Vehicle 
AEWC: Alaska Eskimo Whaling Commission 

ALOHA: Areal Locations of Hazardous Atmospheres 

ANS: Alaska North Slope 
ARKTOS: Amphibious Craft, ARKTOS Developments, Ltd., B.C. Canada 

ASW: Arctic Surface Water 

BARC: Barrow Arctic Research Center 

BASC: Barrow Arctic Sciences Consortium 

CAA: Conflict Avoidance Agreement 

CODAR: high frequency radar systems primarily for ocean current and 

wave monitoring 

CROSERF: Chemical Response to Oil Spills: Ecological Research Forum 
CRREL: US Army Cold Regions Research and Engineering Laboratory 
ENVISAT: European Space Agency Earth observation spaceship 
EPA: Environmental Protection Agency 
GIS: Geographical  Information System 

GPR: Ground Penetrating Radar 

HF: High frequency 
ICS: Incident Commands Structure 
ISB: In situ burn 
JIP: Joint Industry Program 
MMS: Minerals Management Service 

NARL: Naval Arctic Research Laboratory 
NEBA: Net Environmental Benefit Assessment 

NBW: Near-shore Brackish Water 

NMR: Nuclear Magnetic Resonance 

NOAA: National Oceanic and Atmospheric Administration 

NRC: National Research Council 
NSB: North Slope Borough 
OMA: oil-mineral aggregates 
OSC: On-Scene Co-ordinator 
OSRV: Oil Spill Response Vehicle 
PAH: Polynuclear aromatic hydrocarbons 
R&D: Research and Development 
RADARSAT: Canadian remote sensing satellites 
ROV: Remotely Operated Vehicle 
SAC: Science Advisory Committee  

SAR: Synthetic Aperture Radar 
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TPH: Total Petroleum Hydrocarbon 

THC: Total Hydrocarbon Content 

TROPICS: Tropical Oil Pollution Investigations in Coastal Systems 

UAF: University of Alaska Fairbanks 

UC:  Unified Command 

UIC: Ukpeaġvik Iñupiat Corporation 
USCG: United States Coast Guard 
VOA: Volatile Organic Aromatics 
VRT: Village Response Team 
WINDSAT: Satellite-based polarimetric radiometer – measures ocean surface wind 
speed and wind direction 
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