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Vertical section of oil-infiltrated ice surrounding 
an overgrown oil lens. 

Horizontal thick sections at (a) 70 mm 
and (b) 110 mm below the surface. 
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Oil reaching the underside of sea ice after a blow-out is able 
to spread laterally, governed by buoyancy and surface tension, 
under-ice topography, and currents. However, the possibility 
of lateral spread and the direct contact with the ocean are 
inhibited once oil gets encapsulated by the advancing ice 
front. Encapsulation removes oil effectively from the 
environment, influencing risk management strategies. In spite 
of the potential importance of this process, there is a lack of 
models describing this process. Laboratory experiments were 
performed to investigate the early stages of the encapsulation 
process. Encapsulation appeared to be governed by common 
thermodynamic and fluid dynamic principles. No indications 
were found that crystal alignment would need to be 
considered explicitly to describe encapsulation numerically. 
A fraction of oil is known to get entrained directly into the 
interstitial pore space of the bottom-most centimeters of sea 
ice, increasing the holding capacity of the ice above estimates 
from bottom topography alone. 12 years of sea ice core data 
were used to assess the potential volume of entrained oil. 
Compared with previous estimates of oil retention capacity 
that neglected entrainment it was found that entrainment 
could increase the removal of oil from the ocean environment 
by up to 20% prior to melt in spring. 
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Photographs of an oil lens (10 cm diameter) under sea ice. Part of a 
temperature probe can be seen in the background. Newly growing ice 
platelets are labeled A to D. Overgrowth of the cold lens began shortly 
after oil injection (Petrich & Arntsen, 2013). 
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Oil encapsulation experiments were performed in 
the cold climate laboratory at Norut Narvik at -15 
°C. Ice was grown to approximately 0.1 m 
thickness before oil (Kerosene) was injected 
beneath the ice. Encapsulation, i.e. the formation 
of an ice lip around the lens and overgrowth with 
horizontal ice platelets were observed visually, 
with a temperature probe, and post-mortem 
analysis of crystal structure. The overgrowth 
process was found to start shortly after oil 
injection if oil temperature was close to the 
freezing point of seawater, independently of the 
presence of an ice lip. Hence, even large-scale oil 
spills will encapsulate in a short period of time. 
(Petrich and Arntsen, 2013) 

Studies of Oil Encapsulation  
and Entrainment in Sea Ice 

Oil entrainment observed 
in laboratory experiments. 

Potential entrainment depth of oil into growing 
sea ice for different days of the year (71° N). 

Top: Schematic of laboratory 
experiment. Bottom: Ice growth 
process in the tank. 

Top: Laboratory tank. Bottom: 
Injection of oil under sea ice. 

Oil was injected under growing sea ice to determine the fraction directly entrained 
(“absorbed”) in the porous matrix of ice. Results were consistent with earlier 
laboratory and field experiments. Maximum oil fraction in ice was approximately 
0.05 and almost no oil was entrained in ice of porosity below 0.1. (Karlsson et al., 
2011) 

Using extensive field data of temperature and salinity at Barrow, 
Alaska, the ice volume had been calculated that can be expected 
to entrain oil (i.e. sea ice porosity > 0.1). The potentially entrained 
volume adds 20% to the previously estimated oil retention 
potential of ice starting April. (Petrich et al., 2013) 
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Ice core with entrained oil at the 
bottom (left). (Dickins, 2011) 


