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I NTRODUCT! ON

lcing is mainly a function of the amount of water which remains liquid
after striking a ship’s or fixed platfornmis surface and the el apsed tine
before this water freezes. There are two types of ice accunulation, rime ice
and glaze ice. Rinme is rough, nmlky, opaque ice with mniml adhesion and is
formed when small, super-cooled drops of water freeze on contact with a
surface. It does not spread and can format any tenperature in the icing
range. Gaze is formed on slow freezing of |arge super-cooled drops. It can
spread over a larger surface and is harder to renove than rime icing (the
precedi ng paragraph has been paraphrased fromBerry et al., 1975).

I ce accretion depends on many factors. Meteorology and sea conditions
are paramount (see below). However, vessel size, navigational peculiarities,
structural design, kinematic and thermodynam c interaction at the surface of
a design menber and water droplets (stagnation zones on a surface, Ackley and

Tenpl eton, 1979) al so become critical

EFFECTS ON SHI PS

Ships such as fishing trawlers, smaller merchant ships, and Coast Guard
Cutters are nost vulnerable to icing due to less freeboard and the increased
amount of travel time through an area experiencing icing conditions. It
shoul d be noted that the right conbination of events can produce icing on
| arge vessel s al so. Icing on a vessel increases its weight, changes its
trim elevates its center of gravity, decreases its metacentric height and
increases its sail area and heeling monent leading to extrene handling

difficulties (Berry et al. 1975).



NG ON OFFSHORE STATI ONARY PLATFORMVS

As on ships, a coating of ice on external surfaces can elevate the
platforms center of gravity. In addition, the ice will usually formin
stagnation zones on the wi ndward side (Ackley and Tenpl eton, 1979) causing an
i mbal ance weight distribution on a platform Vertical and horizonta
menmbers of offshore structures are designed to neet oscillatory stresses due
to wave action. The forces on the structure are made up of hydrodynam c drag
and inertial (nmass) conponents. Icing changes the physical characteristics
of structure nenbers, such as dianeter, surface roughness, mass and flexural
response (Ippen 1966). Therefore, a fixed structure’s ability to withstand a
design wave is questionable after and during an extrene ice accunul ation

Depending on freezing rates, the ice formng on structures due to sea
spray will generally have a salt content nuch less than the sea salinity and
may even approach O °/,salinity. The maxi mum pressure produced by water
freezing in a confined space is 30,000 Ib iﬁ% This stress on a structure

or ship occurring during a freezing sea spray condition can drastically

weaken support menbers

METECROLOGY AND SEA CONDI TIONS (the follow ng subsections

have been paraphrased from Berry et al., 1975)

FREEZI NG RAIN AND SNOW

Freezing rain itself seldom reaches |arge enough accunulations to be the

sol e source of danger to a ship. However, combined with freezing salt spray



(see below) it beconmes dangerous since, as freshwater, it freezes faster than
salt water and can act as a nucleus for faster ice accunulation fromsalt

spray, Snow is not considered a threat due to inherent |ack of adhesion

ARCTI C  SEA- SMXKXE

Arctic sea-snmoke forns when extrenmely cold air flows over nmuch warmer
water, The water vapor that results from the ensuing evaporation condenses
inmmediately in the cold air and super-cool ed droplets become visible as
rising colums of “steanf. Weight of ice deposited is only a problemif the

conditions exists for a long time since it is a |low wind phenonenon

“SEA | CE

Water taken over the side of the ship will not freeze readily unless

trapped by ice chocked rails and ports. This is considered a mniml hazard.

FREEZING SPRAY

This report has been devel oped mainly for freezing spray conditions.
This is the nmost conmon and dangerous formof icing, resulting in glaze ice
characterized by high density and great adhesion power. This type of icing

is a function of several sinultaneously occurring variables:

Air Tenperature

The critical range for this study is from O'F to 32°F (-18°C to O'Q).
At tenperatures below 0°F the water striking the structure will wusually
be in the form of non-adhering snmall dry ice crystals (Berry et al.,

1975) .



Wnd

Sea spray generation depends on the wave height and period of waves.
Waves in turn depend on the duration of the wind and fetch. Generally,
the higher the wind speed for the above tenperature range, the greater
the ice accunulation. The range of wind speeds covered in this study
are from 25 knots (12,5 ns‘") to 60 knots (30 in“l). Data indicate that
w nd speeds bel ow 25 knots do not produce icing, while wind speeds in
excess of 60 knots are rare. Wi (1982) mentions that a wind speed of
12.5 ms'l i's considered the incipient velocity for entrainnent of water

“particles in air (wthout need of waves).

Ef fect of the Ice Pack

Wen the ice pack concentration reaches 50% areal coverage,
superstructure icing is thought to be mninal since wave formation is

reduced and freezing spray is elimnated.

Sea Tenperature

The criticial range of sea surface tenperatures are 28" F (-2.2° O to
48° F (8.9° C. Seawater of normal salinities is generally frozen bel ow
28° F.  The upper value of 48° F is not an inpedinment to freezing since

sea spray can be cooled rapidly when air tenperatures are bel ow 28° F.

A dangerous |ayer of ice accunulation occurs at 3.9 in (10 cm Berry et

al., 1975) . O the five icing categories used in this study, extrene icing

woul d produce this thickness in 4.5 hours, heavy icing would produce this
t hi ckness in 8 hours, and light icing would produce this thickness in one

day.



CONSTRUCTI ON OF | CI NG MNAPS

To construct icing contours for the figures discussed bel ow (see end of
text), two data sources were used. The nonthly positions of the northern,
southern and mean 5/8 areal coverage sea ice edge are shown in Brewer et al.
(1977) for the Chukchi Sea. Their ice edge positions were derived from 17
years of aerial, ship and satellite observations of the pack ice edge (1954
t hrough 1970). Recently Dr. WIIliam Stringer (University of Al aska)
conpleted a sea ice occurrence probability study (as yet unpublished) using
satellite data collected from 1973 to 1984. H's study was based on sea ice

of any concentration appearing in designated map grid areas during weekly

time periods fromJune through Novenmber. As a result, Stringer's 50% ice
frequency position (over each nonth) was nore “conservative” (appeared
farther south) than the nean 5/8 areal coverage position of Brewer et al.
(1977) but had the sane general shape except for Novenber. The same
description fits the nonthly conparisons of the northern limts of 5/8 areal
coverage position (Brewer et al., 1977) with the 100% sea ice probability ice
edge (Stringer) and the southern |imt of the 5/ 8 areal coverage position
(Brewer et al., 1977) with the 0% sea ice (open water) probability ice edge
(Stringer) . Despite differences in data types and length of the studies, the
results seenmed quite consistent. Therefore, the position of the nean,
maxi mum ( sout hernnmost) and m ni num (northernnost) sea ice edge used bel ow
were taken as the average of the corresponding edges fromthe above two data
sources. Average and extreme contours of sea surface and air tenperatures

for map construction came from Brewer et al. (1977).



The wi nd speed and tenperature data in Table la (North Chukchi) and
Table | b (Hope Basin) canme from the nearest marine areas and | east
orographically nmodified shore stations (when marine area data was
unavail abl e) shown in Brower et al, (1977). There is no evidence of any area
in the Chukchi having monthly mean winds of 25 knots (12.5 in’l). Therefore
mean wind contours were not useful in constructing icing maps. The Wrld
Met eor ol ogi cal Organi zation (W.M.0.) lists 28 knots (14 ins-1) as the onset of
dangerous wi nd speeds (gale level w nds) and 50 knots (25 in”l) as the onset
of real stormlevel winds. Hence, these levels were used as the critical
winds for nean and extrene icing. Table 1 shows the % time of occurrence of
gale and storm level winds during possible icing months. In addition the %
of air tenperatures below 0° F (18° C), which generally preclude
superstructure icing, are shown. It nust be noted that while the percentages
are low for the total tine of occurrence of these wind speeds, the
probability of these speeds existing in each nonth is 100% and the duration
of these speeds are sufficient to produce severe icing provided the other
environmental conditions are met. Therefore, fixed structures which remain
in place in one location over many nonths will be nore susceptible to icing
than vessels which may nove in and out of a given area

A new nomogram for superstructure icing in A askan waters has been used
which is simlar to but replaces that of Wse and Comiskey (1980).  The
nomogram al so devel oped by Com skey, was discussed by L. D Leslie (Arctic
Environmental Information and Data Center) at the “Synposium on Meteorol ogy
and Cceanography of the H gh Northern Latitudes” (Cctober, 1984, Anchorage).
It has icing rates double those of the previous nonbgram

Five rates of ice accunmulation are used in icing maps (Figs. 1-25)

constructed for this study. The codes for these rates are shown on the



Table la. Characteristics of Structural lcing Mnths for the North
Chukchi (Region A).

% Wnds %
>28 kn (14 in"l)  >50 kn (25 in’l) air tenperature

| cing Months W.M.0.% Gal e W.M.0.% Storm <-18° ()
June 5 0 0
July 3 0 0
August 4 0 0
Sept ember 6 <1 0
Cct ober 6 0 4
Novenber a5 ok a5 O

Note: Under conditions of mean sea ice extent, the North Chukchi area has
sone open water for the nonths of August, September and October only.

Table |b. Characteristics of Structural Icing Mnths for the Hope Basin

(Region Q).
% W nds %
>28 kn (14 in’l) >50 kn (25 in7l) air tenperature

| cing Months W.M.0.* Gal e W.M.0.% Storm <-18° O
May 10 0 0
June 3 0
July 5 <1 0
August 5 <1 0
Sept ember 7 <1 0
Cct ober 14 <1 8
Novenber v 1 gk 14 N (ke

*W.M.0. = Wrld Meteorological Oganization

**Data average fromthree coastal sites with |east amount of orographic
modi fication

These tables were conpiled fromBrewer et al. (1977). It is assumed
that the south Chukchi (Region B) has statistics that are a mean of
the statistics of Region A and C  The Regions A B, and C are
defined on the Figure Cover Page at the end of the text.



Figure Cover Page along with map outlines of the North Chukchi (A), South
Chukchi (B), and Hope Basin (C) area locations. The dividing |ine between
the North Chukchi and South Chukchi areas is roughly the 50 m isobath. The
most commobn waves in any ocean are gravity waves which range in periods from
1to 30 S (Kinsman, 1965). The 50 misobath represents a transition depth
from deep to shallow water for a mpjority of these very common waves. As
waves nove from deep to shallow water, they slow down, shorten in | engt h
become higher and | ess stable making it easier for the wind to blow their
tops off. Therefore, a given swell type (wind waves that have travel ed out
of their generating area) wll produce more icing in the shallower South
Chukchi area than the North Chukchi for simlar wnd speeds.

Superstructure icing is precluded above the ice edge line shown on the
Fi gures bel ow (see end of text). It nust be remenbered that sea ice edge
positions, whether nean, minimm or maximum wll have corresponding sea
surface tenperatures which have “adjusted” to the edge position with the
| owest sea tenperatures adjacent to the ice. These sea surface tenperatures
wi Il have a much greater thermal inertia than th atnosphere above them
Therefore, even on mninum sea ice extent years with higher than average sea
surface tenperatures, a sudden cold front with high winds can nmove into the
Chukchi Sea and produce severe icing. For the time scales inportant to
superstructure icing, atnospheric conditions will generally change quicker
than oceanic conditions and appear to be the nost critical variable in the

“puzzle”.



DESCRI PTIONS OF | CI NG MONTHS

The Chukchi Sea conditions presented monthly are for mean, maxinum and
m ni mum sea i ce edges W th corresponding sea surface tenperature fields.
Each of these three edge positions are in turn matched to nean, naxinmm and
mninum recorded air tenperature fields. The resulting nine possible
environnental conbinations are subjected to wind speeds of 28 knots (14 in”l)

and 50 knots (25ms'1

}. Ei ghteen environmental comnbi nati ons have been
eval uated for each icing nonth. Despite this extensive study, real icing
conditions will fall sonmewhere between the conditions shown on the maps
below. Table 1 shows that gale force wi nds average 5% and 8% of each nonth
in the North Chukchi and Hope Basin regions, respectively. This is a tine
period of at l|east 36 hours. Even light icing conditions produce a dangerous
ice accunulation of 3.9 inches (10 cm) in under 24 hours (see Meteorol ogy and
Sea Conditions Section). Table 2 catal ogs these combinations from My
t hrough Novenber in the North Chukchi (A), South Chukchi (B) and Hope Basin
(O regions. The Figure Cover Page shows the area designations and

superstructure icing (S1) codes. The months with the greatest chance for

superstructure icing in all three regions are Septenber and Cctober.

MAY
Four out of the 18 chosen environmental conbinations for Sl exist (see

Table 2). This nonth shows the A and B regions to be conpletely covered by

sea ice and C, only partially uncovered with the sea ice edge at its mninmm



Table 2.

Possi bl e Structural

Icing Mnths for Hope Basin,

North Chukchi and South Chucki Regions.

Envi ronnental Conditions

May June July August Sept enber Cct ober Novenber 28 Knot (14 ms-‘) Gale Cass Wnds
Sea |ce Extent
| TH ™H TH TH TH N Max. Air Tenp. (1%
| M(C)T L(g ,L()t L(A ,L(B),L{C)T H(A), M(B), L(C)Y H(B),H(C)t TL Mean#* Mn. Air Tenp. (1%
I ™ TH ™ LA HLGBY HA) ,H(B) ,M(C)T M(C)f Mean Air Tenp.
| | TH TH TH TH | Max. Air Temp. (1%
[ [ Lot L(B),L(C)T M(B),M(C)T VH(C)F [ Max. %  Mn. Air Tenp. (1%)
| | TH TN TR M(C)T | Mean Air Temp -
TH TH TH TH TH LAYt M(A), L(B), L(C)T Max. Air Temp. (1%
Vet u(c) ,1M(B)t L(A),L (B) ¥ L(A),L(B)T M(a), L(B),L(C)T MB) HH(OT TL Mn. % Mn. Ar Tenp. (1%
MC)T TH TR TN L(A) HLB)T H A HM(B) ,L(C)T VH(A),VE(C)T Mean Air Tenp.
50 Knot (25 ms=>) Storm Class W nds
Sea lce Extent_ .
| TH TH TH - TH - TH ™ Max. Air Tenp. (1%
I VH(C)T M(B),L(C)T  HA ,H(B) ,L(C}T VH(A) ,VH(B) .,H(C)T E(A) ,E(B) ,E(C)T TL Mean**  Mn. Air Tenp. (1%
| TH TH N MA) ,L(B)T VH(A) ,VH(B) ,H(C)¥ E(C)T Mean Air Tenp.
| | TH ™o TH TH | Max. Air Tenp. (1%
I I M(C)T H(B),H(C)T VH(B),VH(C)T E(C)Y I Max.** Mn. Air Temp. (19
I I TH TH TH VE(C)T I Mean Air Tenp.
TH TH TH TH TH H(A) T VIT(A) LH(B) M(C)F Max. Air Tenp. (1%
E(C)t VII(B) ,VE(C)T H(A}NL(B)T H(A),M(B)T VH(A),H(B) ,M(C)T E(A),E(B) ,VH(C)T TL Min,** Mn. Air Temp. (1%
VH(C)T TH ™ MA) ,L(B)T E(A), VH(B),H(C)T E(A),E(B) ,E(C)} Mean Air Tenp.
Factors Precluding Iecing Wrst Icing Possible Regi ons *Mean, oax. and min. sea ice extent also
| = Sea ice covering area E = Extrene C = Hope Basin corresponds to mean, max. and mn. sea
TL = Air tenperature too |ow VH = Very heavy A = North Chukchi surface tenperatures
THoA r tenperature too high H = Heavy B = South Chukchi
SS = Sea surface tenperature M = Moderate
too high L = Light

T = Icing Possible
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recorded extent (Figs. 1 and 2). Figure 1 shows S1 under nean air
tenperatures with (a) for 28 knot winds and (b) for 50 knot w nds. The 50
knot case can result in very heavy icing in Region C Figure 2 shows Sl
under mninmum recorded air tenperatures for conditions of 28 and 50 knot
winds. In Figure 2b for 50 knot wi nds, extreme icing conditions wll occur.
It should be noted that the conbined probability of finding any open water in
Region C along with extreme mninmumair tenperatures and 50 knot winds in My

is alnost negligible (less than .01%.

Four out of the 18 chosen environmental conbinations for S1 exist (see
Table 2). Wth the sea ice edge at its nean extent, only Region ¢ is
uncovered (Fig. 3). A nean or maxinumrecorded air tenperature field is too
warm for icing. Under minimumair tenmperatures, noderate (Fig. 3a) and very
heavy (Fig. 3b) icing levels are reached for 28 knot and 50 knot wi nds,
respectively.  The minimum extent of sea ice recorded shows Regions B and ¢
open (Fig. 4). Only mninumair tenperatures produce S1 at levels up to
moderate and very heavy for w nd speeds of 28 knots (Fig. 4a) and 50 knots
(Fig. 4b) , respectively. Sl chances in June are greater than in My, but

Region B has a less than .01% probability and Region A has O probability.

JULY

Only six out of 18 chosen environmental conbinations for S1 exist (see
Table 2). Mean or maxinumair tenperature fields are too warmfor icing.
For a nean sea ice edge and mnimumrecorded air tenperatures, light Sl

(Fig. 5A) and up to noderate S1 (Fig. 5b) can be seen for 28 knots and 50
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knots, respectively in Region B. Region Ais conpletely covered by sea ice
and nmost of Region C has air tenperatures above freezing, precluding icing
(Fig. 5). Maximum sea ice extent with mninum air tenperatures show |ight Sl
(Fig. 6a) and up to noderate S1 (Fig. 6b) in Region C only, since sea ice
covers Regions A and B. Mninum recorded sea ice extent uncovers Regions A
Band C (Fig. 7). The sea surface tenperatures associated w th m ninum sea
ice extent preclude S1 in Region C, however. Region B would suffer light Sl
under 28 to 50 knot wi nds, but Region A would reach heavy icing conditions
under 50 knot winds (see Fig. 7a and b). Sl chances in July are greater than
in June, but Region C conditions wll never get beyond light icing and
chances in Region A are less than .01%  Typical July tenperatures woul d

preclude any icing. This is a nonth of high ship traffic in the study area.

AUGUST

S1 can exist for six out of 18 chosen environnental conbinations (see
Table 2). As in July, mean or maxinum air tenperature fields are too warm
for icing. A nean sea ice edge coupled with a mininumair tenperature field
produces light S1 in Regions A, B, and C for 28 knot winds (Fig. 8a). Fifty
knot winds wll produce heaving icing in Region A noderate icing in Region
B, and light icing in Region C (Fig. 8b). It should be noted that nost of
Region A is covered while nost of Region Cis too warmfor icing (Fig. 8).

Maxi mum sea ice extent with a mninum air tenperature field precludes Sl
in Region A due to sea ice extent and elimnates S1 in most of Region C due
to tenperatures above freezing (Fig. 9), Sl can change fromlight to heavy
in both Regions B and C under wind conditions of 28 knots (Fig. 9a) and 50

knots (Fig. 9b), respectively.
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M nimum sea ice extent and a minimumair tenperature field precludes Si1
in Region C and nost of B because the sea surface tenperatures associated
with this edge position would be too warm (Fig. 10). Al region A would be
susceptible to S1 with conditions of |ight changing to heavy if w nd speeds
changed from 28 knots (Fig. 10a) to 50 knots (Fig. 10b).

S1 chances in August are greater than in July because there is nmore open
water under average ice edge conditions. However , chances of heavy icing in
Region B or C are less than .01%  Typical August tenperatures would preclude

icing. Ship traffic in August is typically high.

SEPTEMBER
S1 can exist for 10 of 18 selected environnental conbinations (see Table

2). Maxinumair tenperature fields were too warmfor Sl (Table 2). A nean
sea ice edge coupled with a mninum air tenperature field (1% probability)
can produce S1 in all Regions, A-C (Fig. 11). A change in wind speed from 28
knots (Fig. ha) to 50 knots (Fig. 11b) can produce very heavy icing
conditions in Region A which is closest to the nmean ice edge

A mean sea ice edge subjected to a nmean air tenperature field is the
most probable situation that would be encountered (Fig. 12). Sl is not
encountered in Region € and nost of Region B due to air tenperatures above
freezing (Fig. 12). Region A can reach noderate S1 at wi nd speeds of 50
knots (Fig. 12b) which have a |ess than 1% chance of occurring in Septenber
(Table la) .

A maxi num sea ice extent condition precludes Sl in Region A (Fig. 13)
and is far enough south that a nean or maximumair tenperature field would
produce air tenperatures above freezing for open water areas in Regions B and

c. Condition of a mninumair tenperature field with winds of 28 knots (Fig.
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13a) and 50 knots (Fig. 13b) will produce noderate and very heavy SI,
respectively, in Regions B and C. However, the chance for this set of events
occurring is less than ,01%

A conbi nation of mninumsea ice extent and a mininumair tenperature
field (less than .01% probability) will produce Sl in Regions A-C (Fig. 14).
However, the sea surface tenperature field associated with this sea ice edge
wi || have ocean tenperatures too high (SS) for icing in nost of Region C
Under 28 knot winds only noderate icing levels are reached in Region A (Fig,
14a), while 50 knot w nds produce very heavy icing in a portion of Region A
(Fig. 14b) .

M nimum sea ice extent coupled with mean air tenperatures will result in
no S1 in nmost of Regions B and € due to air tenperatures above freezing (TH)
(Fig. 15) . A change from 28 knot winds (Fig. 15a) to 50 knot wi nds (Fig.
15b) Wi || increase the S1 fromlight to noderate in part of Region A

SI chances in Septenber are greater than August because the average
tenperatures are lower and there is nore open water under average ice edge
conditions. Ship traffic would be high during this nonth. Typical Septenber
conditions would preclude icing in Region B or C with noderate icing at 50

knot wind speeds (not common, see Table la) in Region A

OCTOBER

S1 can exist for 14 of 18 selected environmental conbinations (see Table
2). This nonth is the one with the greatest probability of icing. It is
fortunate that ship traffic is not as high as July, August or Septenber in
Regions A-C at this tinme of year.

A nmean sea ice edge and minimumair tenperature field (Fig. 16) wll

produce extrene SI under 50 knot winds in Regions A-C (Fig. 16b). It nmust be
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noted that at wi nd speeds of 28 knots (Fig. 16a) sea spray would freeze
before striking a structure and not adhere. This condition is designated TL
and covers nost of Region B and the open water portion of Region A

The nost typical conditions are those of a nean sea ice edge and nean
air tenperature field (Fig. 17). They can produce heavy icing in the sane
regions under 50 knot winds (Fig. 17b) . Gale force winds have a 10%
probability (mean of statistics for Regions A and Cin Tables |a and b) of
occurrence in Region B.

A maxinum sea ice edge extent will cover Regions A and B precluding S1
there. In conbination with mninumair tenperatures over Region C, S1 will
range fromvery heavy (Fig. 18a) to extrene (Fig. 18b) under wi nds of 28
knots and 50 knots, respectively. In conbination with nean air tenperatures
over Region C, S1 will range fromnoderate (Fig. 19a) to very heavy (Fig.
19b) under wind speeds of 28 knots and 50 knots, respectively.

A mninmum sea ice edge extent conbined with maxi mum recorded air
tenperatures (less than .01% probability) will result in Sl in Region A only
(Fig. 20) . These conditions will result in light S1 and heavy S1 Region A
under winds of 28 knots (Fig. 20a) and 50 knots (Fig. 20b), respectively.

A mininum sea ice edge and mninmum air tenperatures (less than .01%
probability) wll produce nmoderate S1 in Region C under 28 knot w nds (Fig.
21a). However, the low tenperatures (TL) would cause spray to freeze before
striking the ship, resulting in no S1 in Region A and nost of Region B. At
50 knots, Region A and nost of Region B would be subjected to extreme Sl
(Fig. 21b), while nmost of Region C would reach very heavy icing.

A mnimm sea ice edge with nean air tenperatures results in sone kind

of S1 over all three regions (Fig. 22). The npbst dominant S1 changes from

o
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light to noderate in Region C, noderate to heavy in Region B, and noderate to
very heavy in Region A as wi nd speeds change from 28 knots (Fig. 22a) to 50
knots (Fig. 22b), respectively.

Typical Cctober conditions would have Region A nostly ice covered
precluding Sl there. However, gale force winds in Region B (10% chance,
Table Ia and b conbined) and Region C (14% chance, Table |Ib) coul d produce

moderate S1 and light S1, respectively.

NOVEMBER

S1 can exist for six out of 18 selected environmental conbinations (see
Table 2). A maxinum recorded sea ice edge precludes open water in Regions
A-C so S1 would be non-existent.

A nean sea ice edge will have open water in a portion of Region C only
(Fig. 23) . Maxi mum air tenperatures are too warm and nminimum air
tenperatures are too cold for icing in Region ¢. Mean air tenmperatures will
produce heavy icing and extrene icing under 28 knot winds (Fig. 23a) and 50
knot winds (Fig. 23b), respectively. Gale force w nds under these typical
conditions can be expected 14% of the tine (Table Ib).

Conditions of a mninumsea ice edge and maxi mum air tenperatures (Iess
than .01% chance) can produce S1 levels up to very heavy in Regions A and B
under 50 knot winds (Fig. 24b). Mst of Region ¢ would have air tenperatures
above freezing (Fig. 24) under these conditions, elimnating a chance for Sl

A mininumsea i ce edge and nean air tenperatures (combined 1% chance)
woul d produce very heavy and extrenme S1 under 28 knots (Fig. 25a) and 50
knots (Fig. 25b) winds respectively. It should be noted that a mininmmair

tenperature field produces tenperatures too |ow for SI.
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If open water exists in Region A, B, or Cin Novenber, there is a better

than 10% chance of heavy icing under gale force winds (see Table Ib).
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SUMMARY

Remenber that real icing conditions will fall sonmewhere between the
environmental conbinations chose for Figures 1-25 and Table 2. Ccean thermal
inertia will make atnospheric changes, which operate on a shorter time scale,
the nost dangerous for evolving Sl conditions. For exanple, sudden cold
fronts with high winds can nove into the Chukchi Sea under average sea ice
edge extent and produce heavy icing in the “warnf nonths of July and August.
Septenmber and Cctober are the nmonths with the greatest chance for Sl. Table
2 shows that they have the nost possible conbinations for S1 (10 Septenber,
14 Cctober). Al conditions other than nmean conditions have a 1% chance of
occurrence. Therefore, any two independent conbinations of these 1%
probability conditions have a .01% chance of occurrence. However, sea ice
extent and sea surface tenperatures are not independent.

A polynya exi sts along the Al askan Chukchi coast between Pt. Barrow and
Pt. Hope in the nonths of February to April when the study area is usually
ice covered (Stringer, 1982). Stringer’s study (eight years of data) has
shown that this polynya is closed 77% of the time in February and averages 12
kmwde. In April, it is closed 62% of the tinme and averages 1 km w de.
This would not be a corridor for major ship traffic and would have limted

fetch for wave production.
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FURTHER STUDY

A data gathering program should be initiated for the North Chukchi,
South Chukchi, and Hope Basins. Among the paraneters measured during icing
events should be salinity of adhering ice, materials with or wthout coatings
adhered to, percentage due to sea spray, ship size, ship speed, types of
waves, wave directionality and thickness of ice, Also, sone type of

met eorol ogi cal early warning system should be studied.
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Figure la. My superstructure icing (S1) for conditions of mninum seaice
extent, maximum Sea surface tenperatures, mean air tenperatures>

and 28 knot wi nds.

Figure Ib. My S1 for the above conditions except with 50 knot w nds.



Figure 2a.

Figure 2b.

May S1 for conditions of mninumsea ice extent, maximum Sea

slurJace tenperatures, mininumair tenperatures, and 28 knot
Wi nds.

May S1 for the above conditions except with 50 knot w nds.
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Figure 3a.

Figure 3b.
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June S1 for conditions of nean sea ice extent, nean sea surface
tenperatures, mninum air tenperatures, and 28 knot w nds.

June S1 for the above conditions except with 50 knot w nds.
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June S1 for conditions Of mninum sea ice extent, maxinmum sea
and 28 knot

surface tenperatures, mninum air tenperatures,

Wi nds.

Figure 4a.
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Figure 4b. June S1 for the above conditions except with 50 knot wi nds.
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Figure 5a, JulySifor conditions of nmean sea ice extent, nmean sea surface
tenperatures, mninum air tenperatures, and 28 knot w nds.

TH

Figure 5b. July S1 for the above conditions except with 50 knot wi nds.



Figure 6a. July Sl for conditions Of mexinum sea ice extent, mninmm sea
surface tenperatures, nninum air tenperatures, and 28 knot
W nds.

Figure 6b. July S1 for the above conditions except with 50 knot winds.
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Figure 7a. July sI for conditions of nininum sea ice extent, maxinum sea
surface tenperatures, nininmum air tenperatures, and 28 knot
W nds.
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Figure 7b. July S1 for the above conditions except with 50 knot w nds.
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Figure 8a. August S1 for conditions of nean sea ice extent, nean sea surface
tenperatures, mninum air tenperatures, and 28 knot w nds.

Figure 8b. August Sl for the above conditions except with 50 knot wi nds.
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Figure 9a. August Sl for conditions Of maxinum sea ice extent, mninum sea
surface tenperatures, mninum air tenperatures, and 28 knot
wi nds.

Figure 9b. August S1 for the above conditions except with 50 knot w nds.
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?
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Figure 10a. August S1 for conditions of mninum sea ice extent, maxi num sea
surface tenperatures, mninumair tenperatures, and 28 knot
W nds.

Figure 10b. August S1 for the above conditions except with 50 knot w nds.
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Figure ha. Septenber S1 for conditions of nean sea ice extent,
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Figure 11b. Septenber Sl for the above conditions except with 50 knot w nds.
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Figure 12a. Septenber S1 for conditions of nean sea ice extent, N sea
surface tenperatures, npean air tenperatures, and 28 knot w nds.

Figure 12b, Septenber S1 for the above conditions except with 50 knot wi nds.
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Figure 13a. Septenmber S1 for conditions of maxi numsea ice extent, i mum
sea surface tenperatures, mnimm air tenperatures, and 28 knot
W nds.
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Figure 13b. Septenber S1 for the above conditions except with 50 knot w nds.
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Figure l1l4a. Septenber S1 for conditions of mninumsea ice extent, nmaxinum

sea surface tenperatures, mnimumair temperatures, and 28 knot
W nds.

Fi gure 14b. Septenber S1 for the above conditions except with 50 knot winds.
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Figure 15a. Septenber S1 for conditions of mninumsea ice extent, nmaxi num
sea surface tenperatures, nmean air tenperatures, and 28 knot

Wi nds.
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Figure 15b. Septenber S1 for the above conditions except with 50 knot wi nds.
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Figure 16a. October S1 for conditions of nean sea ice extent, Mean sea
surface tenperatures, mninum air tenperatures, and 28 knot

Wi nds.
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Figure 16b. Cctober Sl for the above conditions except with 50 knot w nds.
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Figure 17a. Cctober S1 for conditions of nean sea ice extent, mean sea

surface tenperatures, npean air tenperatures, and 28 knot w nds.
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Figure 17b. Cctober S1 for the above conditions except with 50 knot wi nds.
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Figure 18a. Cctober Sl for conditions of maxi num sea ice extent, mninum sea
surface tenperatures, nininumair tenperatures, and 28 knot

wi nds.

Figure 18b. Cctober S1 for the above conditions except with 50 knot wi nds.
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Figure 19a. Cctober S1 for conditions of maxinum sea ice extent, mninum sea
surface tenperatures, nean air temperatures, and 28 knot winds.

Figure 19b. Cctober S1 for the above conditions except-with 50 knot w nds.
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Figure 20a. COctober S1 for conditions of mninumsea ice extent, maximum sea
surface tenperatures, maxinmumair tenperatures, and 28 knot winds.

Figure 20b. Cctober Sl for the above conditions except with 50 knot w nds.
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Figure 2la. Cctober S1 for conditions of mninum sea ice extent, maxinum sea
surface tenperatures, mnimum air tenperatures, and 28 knot w nds.
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Figure 21b. Cctober S1 for the above conditions except with 50 knot w nds.
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COctober S1 for conditions of mninumsea ice extent, maxinmum sea

Figure 22a. _ _
surface tenperatures, nean air temperatures, and 28 knot wi nds.
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Figure 22b. QOctober s1 for the above conditions except with 50 knot w nds.
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Figure 23a. Novenber S1 for conditions of mean sea ice extent, mean sea surface
tenperatures, nmean air tenperatures, and 28 knot w nds.

Figure 23b. Novenber Sl for the above conditions except with 50 knot wi nds.
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Figure 24a. Novenber Sl for conditions of mninmumsea ice extent, maxi mum sea
surface tenperatures, maximum air tenperatures, and 28 knot w nds.
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Figure 24b. Novenber S1 for the above conditions except with 50 knot w nds,
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Figure 25a. Novenber S1 for conditions of m ninumsea ice extéani maxi num sea
surface tenperatures, nean air tenperatures, and 28 knot w nds.

Figure 25b.. Novenber Sl for the above conditions except with 50 knot w nds.
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