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Abstract: Superstructure sea spray icing and atmospheric icing from
snow, freezing rain, freezing drizzle, rime, sleet, and frost reduce the safety
of offshore platform and supply boat operations. Though icing reduces
safety and reduces operational efficiency, it has not caused the loss of off-
shore platforms. Supply boats are at greater risk of loss from icing than are
platforms. Platforms operating in cold regions are protected primarily by
designs that reduce ice accretion, coupled with the selective use of heat. A
variety of deicing and anti-icing technologies have been tested on offshore
platforms and boats, but with little overall success. New technologies and
modern versions of old technologies, now used successfully in aviation, the
electric power industry, and on transportation systems in general, may be
transferable to the offshore environment. Fifteen classes of deicing and
anti-icing technologies are identified, explained, and reviewed, as are nu-
merous ice detection technologies for controlling deicing and anti-icing
systems. These technologies are the population from which new marine ice
protection systems may be selected.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

US Minerals Management Service (MMS) staff has reviewed this report for technical adequacy according to contractual
specifications. The opinions, conclusions, and recommendations contained in this report are those of the author and do
not necessarily reflect views and policies of the US MMS. The mention of any trade name or commercial product in this
report does not constitute an endorsement for use by the US MMS. Finally, this report does not contain any commer-
cially sensitive, classified, or proprietary data release restrictions and may be freely copied and widely distributed.
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Figure 14. Oil platform supply boats interact actively with the sea, creating abundant spray for
superstructure icing (http://www.gsl.net/kc2jpo/index.html).

Considerable research on superstructure icing caused by sea spray and
atmospheric sources was conducted primarily by Japanese and Russian
researchers in the 1970s and 1980s on fishing trawlers, processing ships,
and offshore platforms. Examples include studies by Tabata et al. (1967),
Ono (1968), Iwata (1973), and Borisenkov and Panov (1974). In the late
1980s and 1990s, additional research, especially as related to characteriza-
tion of the icing process, physical and mechanical properties of superstruc-
ture ice, and modeling was conducted in the United States and Canada
(Ackley 1985; Jeck 1984; Ryerson 1991, 1995; Ryerson and Gow 2000;
Lozowski et al. 2000; Zakrzewski and Lozowski 1991). Considerable re-
search was conducted during this period on the icing of drill rigs and other
stationary sea structures, as well (Brown and Horjen 1989; Horjen and
Vefsnmo 1984; Itagaki 1984; Minsk 1977, 1984a, 1984b).
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Icing caused by sea spray can form a layer of ice on both decks and super-
structure, and may have a major impact on the stability, safety, and gen-
eral operation of a vessel. Typical icing problems encountered are the im-
pairment of stability due to the raised center of gravity caused by the ice
mass above decks, which increases the rolling moment of the ship; de-
creased freeboard; and impaired communication, navigation, and radar
capabilities caused by antenna icing and ice on wheelhouse windows. Ice
accumulation can completely disrupt the functioning of certain deck
equipment such as winches, and it may be impossible to access rescue
equipment such as lifeboats and life rafts because of iced release mecha-
nisms. Air intakes may become clogged with ice, and gangways, decks, and
railings covered by ice make it dangerous and almost impossible to safely
manueuver. Scuppers are often reduced in area and may even completely
clog, impairing deck drainage and increasing the rate of ice accumulation.
Active plunging of the bow into waves and swells and carrying of that
spray over the ship by the relative wind, coupled with the much lower
freeboard, generally causes ship icing to be more severe than rig icing
(Itagaki 1984, Minsk 1984b) (Fig. 15).

Figure 15. Spray cloud amidships over a fishing trawler in the Bering Sea, 1990.

Spray ice accretion rates vary considerably with location on a ship (Ackley
1985). Though most rig icing occurs on the upwind side of rigs as dia-
gramed by Liljestrom (1985) from icing of the rig GVA 5000, the thermo-
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dynamic versus water delivery processes occurring on ships during super-
structure icing are better understood. Ice accretion rates on ships are de-
termined by the balance of heat delivery by spray, both sensible and latent,
and atmospheric heat removal processes. Figure 16 illustrates three icing
zones that can occur on all sizes of ships.
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Figure 16. Zones of spray, thermal, and ice accretion processes on ships.

The maximum ice accretion area, amidships in Figure 16, is where spray
delivery matches the removal rate of sensible and latent heat from im-
pinged water for all spray to freeze (except for included brine). Maximum
accretion also may occur at bow locations exposed to higher relative wind
speeds, such as at the top of the bow, the windlass located on the forecastle
of the fishing trawler shown in Figure 16, and the wheelhouse roof. During
heavy spraying, most ice is likely to accrete amidships on a small boat, or
at least aft of the bow. Though the spray flux is smaller amidships than at
the bow, the rate of heat removal is such that most, if not all, water that
arrives freezes. Maximum accretion is likely to occur higher on the super-
structure in forward areas and lower on the superstructure farther aft be-
cause spray flux normally decreases with distance aft of the bow and with
height above the deck (Fig. 16).

Thermally limited accretion (Fig. 16) takes place where the energy needing
removal from the delivered spray to cause freezing, removal of sensible
heat and latent heat, exceeds the atmosphere’s ability to remove it. Thus,
ice accretion rates are smaller than water delivery suggests, and the large
volumes of water deliver sufficient heat that ice formation is suppressed
where water can drain freely. Large spray fluxes, and thus thermally lim-
ited accretion, are normally found only on the bow areas, the forecastle, or
along the side if the ship is not in head seas. Figure 16 illustrates thermally





