COLD REGION SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Oil Spills And Combating Oil In Sea Ice Conditions KI -
Kari Lampela

OIL SPILLS AND COMBATING OIL IN SEA ICE CONDITIONS
KL

Kari Lampela
Finnish Environment Institute, Helsinki, Finland, retired

Keywords: oil spills, oil types, oil weathering, modeling, aerial surveillance, oil
monitoring, oil recovery, skimmers, in situ burning, dispersants, herders,
bioremediation.

Contents

1. Introduction

2. Oil types

3. The impacts of oil on the marine environment
4. The fate and behavior of oil in ice

5. Modeling

6. Monitoring and Detecting Oil amidst Sea Ice
7. Causes of Accidental Oil Spills

8. QOil spill recovery in icy conditions

9. Recommendations and development needs
10. Conclusions

Glossary

Bibliography

Biographical Sketch
Summary

The risk of a marine oilyspill increases with the increasing presence and interest in
shipping, offshere exploration ‘and tourism activities in the Arctic, the Antarctic and
other ice-affected”waters, such as‘the Baltic Sea, Bohai Sea and Yellow Sea, Sea of
Okhotsk and nerth/Caspian“Sea. However the Arctic and ice covered seas are highly
vulnerablehecause of the harmful consequences of oil. Thus, increased awareness of the
risks,and the options available to respond to oil spills are needed.

Even thoughsthe risk of an oil spill is minimized by better maritime practices and jointly
adopted international or regional risk prevention measures, we still have to deal with the
consequences if-a marine oil spill occurs. Oil spill response in ice and in cold climates is
completely different from spill situations in thermal waters. The ice conditions more or
less fully dominate the situation. The presence of drifting pack ice in high
concentrations and low temperatures often makes the strategies and techniques
developed for open sea conditions useless.

This chapter will give an overview of the main topics related to oil spills, and
combating oil spills in ice. First, some aspects of different oils, oil behavior in icy
conditions, and environmental impacts are dealt with. The processes involved and oil
spill countermeasures that are used, or have shown potential in cold and icy conditions,
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are presented. At the end of the chapter a conclusion and future needs and
recommendations summarize the topic.

There are many more aspects, tasks and duties of importance during the planning and
execution of oil spill response operations. These include contingency planning,
information, shoreline cleaning, and logistics. These aspects are outside the scope of
this chapter, partly because in general they are similar to operations in the open sea.

1. Introduction

Oil spills in ice is a field of research and development that has gained interest during the
last decade. This is mainly due to increased world-wide demand for natural resources,
an overall increased environmental awareness, and reduced sea ice extent due to
increasing average temperatures (global warming). Recent technical develo ts have
opened new possibilities to successfully minimize the harmful cons es of a
possible oil spill even in ice conditions and freezing temperatures.

Ice-covered waters present additional challenges for Qilsspi when compared
to open waters - the low temperatures, and seasonal SS, he presence of
ice. At the same time, ice can aid in oil spill*response o ; 1t slows down oil
weathering, it dampens the waves, it p i m spreadlng over large
distances, and it allows more response i il spill response in an ice-
covered area may be easier than in is does not imply that it will
be simple. The complexity of oil and ice,intéraction owed in Figure 1.
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Figure 1. Fate and behavior of oil spilled in ice. (Allen/Spilltec)

2. Oil Types
In maritime traffic oils are most often transported in bulk in tankers of various sizes and

types. Oils transported at sea include:
e crude oils carried as cargo;
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o refined oil products (gasoline, aviation fuel, diesel fuel, and fuels oils of various
grade) carried as cargo;

e vegetable oils carried as cargo;

o different types of oil used as fuel by different types of vessels, for example MGO
(Marine Gas Oil), MDO (Marine Diesel Oil) and HFO (Heavy Fuels Oils) of
various grades.

The accidental release of ice can also happen during oil exploration and production
(from wells and pipeline leaks and spills from storage tank). In those cases the oil is
mainly crude oil.

2.1. Crude Oils

Crude oils are produced at various locations around the world and are transported in
bulk at sea in large quantities. Crude oils are a complex mixture of thewuSands of
chemical components, the vast majority being hydrecarbons withs/wide ¥ange of
molecular weight.

2.2. Refined Oil Products

Oil refineries convert crude oil into a range of‘ether oil products by various techniques
including distillation and 'cracking'. These refined oil products are then sometimes
transported by sea for onward transpert to consumers, Refined oil products transported
at sea include distillate fuels such as gasoling, jet fuel (kerosene based) and gas oil, plus
residual materials such as heavy-fugel @il for power/generation and bitumen.

2.3. Vegetable Oils

Vegetable oils like gpalm, “seybeani.and canola oils are used for diverse purposes, as
cooking oil or fopbiofuel production, etcsand carried as cargo by tankers. These oils are
presumed to have dess*negative effects when spilled at sea than mineral oils, but they
can be sticky,and do damage/to fishing nets and also stick to shore. In some cases
vegetabletoils.are successfully,collected with ordinary response equipment but there is
still researchhand develepment work needed in this sector.

2.4. FuelOils

The different'types of diesel engines used in boats and ships require different fuel oils.
The small, high-speed and medium-speed diesel engines use MDO (Marine Diesel Oil)
or MGO (Marine Gas Qil) as fuel. The fuel used for the very large, slow-speed diesel

engines in large vessels is a residual fuel oil that comes in various grades, defined by the
viscosity.

3. The Impacts of Oil on the Marine Environment
3.1. Introduction

Oil spills can have wide-ranging impacts on the marine environment and human
activities — e.g. reducing the scope for recreational activities and tourism at sea or along
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the coast, harming fish farms and sea fisheries, and limiting the use of sea water in
industrial processes. Oil spills also have many serious impacts on underwater
ecosystems, which have only recently been studied more extensively.

Even if an accident happened in the open sea, oil slicks can easily drift onto the shores
within few days of an accident, depending the distance of the spill to the shore. A major
oil spill can pollute extensive stretches of shoreline. This means that pollution control
measures must begin immediately after an accident occurs. Cleaning up oil that has
drifted onto the shore is extremely difficult, laborious, and more expensive than
cleaning up oil slicks at sea.

Oil pollution prevention is further hampered by darkness and cold and icy conditions in
the winter

3.2. Impact of Oil on Higher Organisms

Hydrocarbons from oil spills may be absorbed by mariné organisms in their food, or
directly into their bodies in the form of fat-soluble compeunds. The toxic compounds in
oil may have unpredictable effects, as the concentrations ©f some’chemicals can
accumulate in organisms higher up the marine food chains.

Oil spills can limit the amount of light-absorbed by planktonic algae, killing off cells.
Declining quantities of microalgae reduce’the amount'of foed available for zooplankton
and other sea creatures. These changes.cascade further.up the food chain, for example
reaching fish stocks. The effects, of oil pollution on plankton are not long term,
however, as these organisms can regenerate rapidly'when conditions improve.

Oil also contains ring-structured poly-aromatic hydrocarbon (PAH) compounds, some
of which are highly toxic,”and these‘chemicals may sink into the sediments on the
seabed. If an oilsslick sinks during its decomposition, the benthic organisms on the sea
floor may be affected. Benthi¢c animal communities may take five years or more to
recover from-such _eontamination. Oil also affects marine plants, as it can easily pass
through, the™eell walls and pores of marine algae and plants along shores. If the
vegetation, aleng the“shereline is harmed, this may lead to the disappearance of vital
habitats for many other Species.

Oil can harm the"scales, tissues and brains of fish, while also disturbing the food chains
that fish depend.on. Adult fish can avoid oil slicks, but fish populations in polluted
spawning waters still decline. Eggs contaminated with oil become infertile. It may take
years for spawning grounds to recover from such pollution, so the effects on fish stocks
can be long term.

Oil is a particularly serious hazard when it accumulates in animals’ respiratory organs,

leading to the risk of suffocation. Chronic exposure to oil may also cause mutations in
cells and tissues that may later become cancerous growths.
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3.3. Oil and seabirds

Oil spills often result in serious consequences for marine wildlife. The sensitive
ecosystems of islands and shores suffer wherever oil drifts ashore, and marine animals
like fish, seabirds and marine mammals become stained with oil from the sea. The
situation can be particularly serious if an oil spill occurs during birds’ spring or autumn
migration, when large numbers of water birds gather in flocks to feed and rest.

Animals that penetrate the water surface to breathe or to feed are particularly vulnerable
to oil slicks. The dangers facing oiled seabirds include their loss of the ability to fly,
stress, hypothermia, fluid loss, starvation, and the decomposition of their red blood
cells. Their eyes and skin may additionally become irritated or infected, while oil can
also induce liver and kidney disorders. It is vital for water birds to keep their plumage
and the fatty layer of their skin in good condition, to provide insulation. (ITOPF2014)

3.4. Impacts Depend on the Type of Oil Spilt

The consequences of an oil spill at sea vary considerably.bytype of ail spilt. Oil tankers
may carry crude oil, light fuel oil or heavy fuel oil. Large ships are‘themselves fuelled
by heavy fuel oil, and almost all vessels at sea contain varying, quantities of oils of
lighter grades.

Crude Oil Spreads Rapidly

When spilled into the sea, crude~oil”spreads_rapidly“over the surface, and its lighter
constituent chemicals immediately’ begin/to evaporate. Crude oil is described as a
persistent oil, since after 4ts lighter’constituents have evaporated the remaining oil does
not significantly evaporate or disperse through the sea water. Since crude oil contains
petrochemicals of both light-and heavy fuel oils, its impacts on the marine environment
include the effects of both these oih/grades. Crude oil often forms an emulsion,
consisting of tiny,droplets of @il"'mixed in with the seawater. The volume of such an
emulsified oilslieksCan beassmuch as four times greater than that of the original oil
spill.

Heavy,Fuel Oil 1§'Slow«I'o Decompose

Heavy fuel 0il.spilled into the sea congeals and does not evaporate. Its characteristics
vary considerably. Some varieties are denser than water, meaning that they can sink to
the bottom or float beneath the surface, and are more difficult to observe. Winds will
not directly affect any such spills, which tend to drift according to the prevailing water
currents. Collecting oil from underwater is a difficult task, since booms can only contain
the spread of oil relatively near the surface. A lot of the other equipment on oil pollution
control vessels can similarly only be used to collect oil near the surface.

Heavy fuel oil often forms congealed slicks of oil extending beneath the surface for tens
of centimeters. Such sticky and inflexible slicks of heavy fuel oil are very difficult to
clean up. One reason for this is that the pipes in the recovery equipment must be heated
to ensure the congealed oil does not block them. Heavy fuel oil is very persistent in the

©Encyclopedia of Life Support Systems (EOLSS)



COLD REGION SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Oil Spills And Combating Oil In Sea Ice Conditions KI -
Kari Lampela

marine environment, and some of its constituent petrochemicals will not decompose at
all.

Light Petrochemicals Evaporate

Spills of lighter petrochemicals in the sea evaporate at varying rates according to the oil
grade and factors such as the wind, wave and temperature conditions. They will often
evaporate from the surface of the sea within 24 hours, or even within just a few hours of
the spill. Light petrochemicals nevertheless have the most serious toxic effects on
marine life. (SYKE, 2013)

3.5. Oil Impacts in Ice Conditions

Oil persists in cold and icy environments longer than anywhere else. It canbecome
trapped under sea ice. It also evaporates at a slower rate in cold temperatdres, The
environmental conditions that characterize especially ghe Arctic — sea /ice;"subzero
temperatures, high winds and seas and poor visibility —=influence the ‘effectiveness of
clean up strategies and how much oil is recovered. The, fonger the_ oil remains in the
environment, the higher is the probability that marine mammals will .€ome in contact
with it. Oil can affect wildlife in three major ways:

e Aninability to keep warm if oil on feathers ar fur reddces'thermal properties.

e Toxic contamination from ingestingy inhaling or absorbing toxins found in oil.

¢ Reduction in food if prey or other.resources become unavailable or inaccessible.
(SYKE, 2013)

4. The Fate and Behavior of'Oil in'Ice
4.1. Weathering - Oil.and Ice Interactions

When oil is spilled, oil properties undergo continuous change in response to interaction
with water andhaif. These changes,are called weathering. The weathering process and
rate are for instance affectedsby temperature, sunlight, waves and ice. The processes
affect the ‘spilled oil_and,change its properties, which in turn affects the window of
oppartunity for differeat'response methods, their availability and estimated potential.

The weathering pracesses in open temperate waters are more or less the same as in ice-
infested waters*with low temperature. However the rates of the processes change and
additional variables are introduced through the oil-ice interactions. The weathering
processes that change the properties, and affect the response opportunities, begin when
the oil is spilled into the water and are characterized by evaporation, emulsification,
dissolution, biodegradation, oxidation and sedimentation. All weathering processes act
together and change the properties of the oil. Biodegradation, oxidation and
sedimentation are long-term processes. Since the weathering processes are affected by
temperature, wind and waves, the presence of ice often implies low air and water
temperatures and reduced waves, which leads to a significantly reduced rate of
weathering processes. Most weathering processes are substantially reduced but
evaporation is still significant even beneath a snow cover. Ice acts as a physical barrier
(e.g. thicker landfast ice or drift ice) or a retardant (e.g. grease ice; newly formed thin
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ice) so that oil does not spread or disperse as far at the surface and ends up in a thicker
layer. Evaporation is slower where oil spills are thickened. The total water uptake, and
rate of uptake, may be reduced through dampening of wave activity by the presence of
ice (Dickins et al, 2008b).

4.2. lce Conditions

Oil and ice interaction and weathering processes are affected by ice conditions.
Depending on location and environmental state, ice conditions may vary significantly
and also change relatively fast. Ice conditions are characterized by a wide range of
parameters such as ice age (e.g., multi-year ice or first-year ice), ice type, ice
concentration, ice thickness, ice floe size, ice ridges, ice drift and stage of decay. The
combination of parameters often leads to the use of ice descriptions such as fast ice,
pack ice, drift ice, broken ice, brash ice, grease ice, frazil ice. Spreading of oil"is highly
affected by ice conditions. With ice concentration of about 40% and a slow“drift, ice
may act as a natural barrier. The ice may capture the oilslick between.the ice floes and
thereby prevent it from spreading. If the spill occurs ontep of an ice*field, the presence
of a snow layer also affects the behavior of the!spilk, as”oil maysbe absorbed and
contained by the snow (Westerberg 2012).

Ice concentrations over 60% can naturally centain oil in relatively thick films (1
millimeter or more). Freeze-up oil/ices interactions are controlled by grease and ice
slush. Encapsulation of under-ice spills stops weathering but limits access. The ice drift
rate controls the thickness of the oil layersthat can accumulate on the surface if the oil
release extends over a longer periad©f time. In'spring; natural processes cause vertical
migration of oil through the p@rous ice, exposing fresh oil at the ice surface.
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