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SUPERSTRUCTURE | CI NG

A. INTRODUCTION

Icing is mainly a function of the anount of water which remains |iquid
after striking a ship’s or fixed platforms surface and the el apsed
time before this water freezes. There are two types of ice
accumulation, rime ice and glaze ice. Rime is rough, milky, opaque
ice with mnimal 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 temperature in the icing range. Glaze is formed on slow
freezing of large super-cooled drops. It can spread over a larger

surface and is harder to renove than rime icing (the preceding

paragraph has been paraphrased from Berryet al., 1975).

I ce accretion depends on nmany factors. Met eorol ogy and sea
conditions are paramount (see below) . However, vessel size,
navigational peculiarities, structural desi gn, Ki nematic and

thermodynamic interaction at the surface of a design Oenber and water
droplets (stagnation zones on a surface, Ackley and Tenpleton, 1979)

al so becone critical.

B. EFFECTS ON SH PS

Shi ps such as fishing trawers, smaller nerchant ships, and Coast
CGuard Cutters are nost vulnerable to icing due to | ess freeboard and
the increased amount of travel time through an area experiencing icing

conditions. It should be noted that the right conbination of events
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canproduce icing on large vessels also. lcing on a vessel increases
its weight, changes its trim elevates its center of gravity,
decreases its netacentric height and increases its sail area and

heel ing nonent |eading to extrene handling difficulties (Berry et al.

1975) .

| (I NG ON OFFSHORE STATI ONARY PLATFORMS

As on ships, a coating of ice on external surfaces can elevate the
platformis center of gravity. In addition, the ice will usually form
in stagnation zones on the wi ndward side (Ackley and Tenpl eton, 1979)
causing an inbal ance weight distribution on a platform Vertical and
horizontal nembers of offshore structures are desi gned to neet
oscillatory stresses due to wave action. The forces on the structure
are made up of hydrodynamic drag and inertial (mass) components.
I cing changes the physical characteristics of structure members, 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 extreme ice accumulation.

Depending on freezing rates, the ice forming on structures due to
sea spray will generally have a salt content much less than the sea
salinity and may even approach O °/,salinity. The maximum pressure
produced by water freezing in a confined space is 30,000 Ib irf2
This stress on a structure or ship occurring during a freezing sea

spray condition can drastically weaken support members.
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D. METEOROLOGY AND SEA CONDITIONS (the following Parts 1-4 have been

paraphrased from Berry et al. 1975).

1.

Freezing Rain and Snow

Freezing rain itself seldom reaches large enough accumulations to
be the sol e source of danger to a ship. However, combined with
freezing salt spray (see below) it becomes dangerous since, as
freshwater, it freezes faster than salt water and can act as a
nucleus for faster ice accumulation fromsalt spray. Snow is not

considered a threat due to inherent |ack of adhesion.

Arctic Sea-smke

Arctic sea-smoke forms when extremely cold air flows over much
warmer water. The water vapor that results from the ensuing
evaporation condenses immediately in the cold air and super-cooled
droplets becone visible as rising colums of “steanf. Wight of
ice deposited is only a problemif the condition exists for a long

time since it is a |low wind phenonenon.

“Sea lce’
Vater taken over the side of the ship will not freeze readily
unl ess trapped by ice chocked rails and ports. This is considered

a mniml hazard.

Freezing Spray

The Figs. 1-17 bel ow have been devel oped mainly for freezing spray
conditions. This is the nost common and dangerous form of icing,
resulting in glaze ice characterized by high density and great
adhesi on power. This type of icing is a function of several

si nul taneously occurring variables:
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aAir Tenperature

The critical range for this study (Bering Sea Area) is from 0°F
to 32°F (-18°Cto O“C). At temperatures below 0°F the water
striking the structure wll usually be in the form of

non-adhering small dry ice crystals (Berry et al., 1975).
b. Wnd

Sea spray generation depends on the wave height and period of
waves. Wavesinturn depend on the duration of the wind and
fetch. Cenerally, 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
in“l) to 60 knots (30 in™-1I). Data indicate that w nd speeds

bel ow 25 knots do not produce icing, while w nd speeds in excess

of 60 knots are rare. We (1982) mentions that a wi nd speed of

1

12.5 ms = is considered the incipient velocity for entrainment

of water particles in air (wthout need of waves).
c. Effect of the Ice Pack

When the ice pack concentration reaches 50% areal coverage,
superstructure icing is thought to be mninmal since wave

formation is reduced and freezing spray is eliminated.
d. Sea Temperature

The criticial range of sea surface temperatures  are
28° F (-22° C) to 48° F (8.9° Q). Seawater of normal
salinities is generally frozen below 28° F. The upper value of
48° F is not an impediment to freezing since sea spray can be

cooled rapidly when air temperatures are below 28° F.
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A dangerous |ayer of ice accumulation occurs at 3.9 in (10 cm
Berry et al., 1975). O the five icing categories used in this study,

extreme icing would produce this thickness in nine hours, heavy icing

woul d produce this thickness in 16 hours, and light icing would

produce this thickness in tw days.

| G NG MAPS

Toconstruct the icing contours for Figs. 1-17, a combination of data
sources were used. The 50% probability of 50% sea ice areal coverage
position was taken from Wbster (1981) for the mddle of each nonth
shown . The “positions of the 50% probability of 50% sea ice areal
coverage and the 50% probability of any sea ice diverge only in the
Spring (May on). The nininmum and maxi num positions of the 50% sea ice
concentration edge which were used to construct the extrene icing

condition maps (below) have al so been taken from Webster (1981).

Average and extreme contours of sea surface and air temperatures for
map construction came from Brewer et al. (1977).

The wind speed data for the Navarin Basin came from a combination
of new data (Kozo, 1983) and Marine Areas A and B data (Brewer et al.
1977) on its eastern boundary. Wind speed data for St. George Basin
came from Marine Areas B, C and nearby land stations (Brewer etal.
1977) .  There is no evidence of any area in the Bering having monthly
mean winds of 25 knots (12.5 ms'l). Therefore mean wind contours were
not useful in constructing icing maps. However, David Liu of Rand
Corporation has stated that the Bering Sea has an average of 3.5

cyclonic events per month (pers. comm. 1982). The World Meteorological
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Organization (W.M.0.) “lists 28 knots (14 ins-l) as the onset of
dangerous wind speeds (gale level winds) and 50 knots (25 ms-l) as the
onset of real storm level winds. Hence, these levels were used as the
critical winds for mean and extreme icing. Table 1 (a. and b.) has
been constructed to show the % tinme of occurrence of gale and storm
|l evel winds during possible icing nonths. Tabl e | a. is for the
Navarin Basin (10 nonths of icing) and Table Ib. isfor St. George
Basin (9 nonths of icing). In addition the % of air tenperatures
bel ow 0° F (18° C), which generally preclude superstructure icing, are
shown. It must be noted that while the percentages are low for the
total time of occurrence of these wind speeds, the probability of
t hese speeds existing in each month is 100% and the duration of these
speeds are sufficient to produce severe icing provided -the other
environmental conditions are net. Therefore, fixed structures which
remain in place in one locaton over many nonths will be nore
susceptible to icing than vessel s which may nmove in and out of a given
ar ea.

A new nonogram for superstructure icing has been used which
replaces that of Brewer et al. (1977). The nonogram t akes into
account the lower weand dry bulb tenperatures, the lower relative
hum dity, and the higher freezing rates found in the Bering Sea and
North Pacific (Wise and Comiskey, 1980).

Five rates of ice accumulation are used in icing maps (Figs. 1-17)

constructed for this study.
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1. Mean Maps

Mean monthly 50% ice coverage positions, sea surface
temperatures and air temperatures were examined under 28 knot
wind speed conditions. The Wise and Comiskey Nomogram (Eastern
Bering Sea and Gulf of Alaska, 1980) was used to arrive at the
icing rates.

a. Navarin Basin

Superstructure icing can be seen to exist at various levels
for the months of October through April (Figs. 2, 4, 6, 8,
10, 12, and 14). Mean conditions and 28 knot winds did not
produce icing in the Navarin for the months of May through
September. From December through April (Figs. 6, 8, 10, 12,
and 14), moderate icing conditions can exist for a long
enough time period (see Table la) to easily reach the
dangerous 10 cm accumulation mentioned above. Also a 10 knot
increase in wind speed will normally change the icing
category from moderate to heavy if the other parameters stay
constant. By April under mean ice conditions (Fig. 14) over
50% of the Navarin Basin is covered with sea ice and

therefore superstructure icing is eliminated north of the ice

edge.
b. St. Geor ge Basin

Superstructure icing exists at certain levels from Decenber

through April (Figs. 6, 8, 10, 12 and 14). Mean conditions
and 28 knot wi nds should not produce icing in St. Ceorge

Basin from May through Novenber. February (Fig. 10) is the
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only nmonth capable of producing noderate icing conditions of
sufficient duration (see Table 1b) to reach the 10 cm
dangerous accumul ation stage. Sea ice covers a snall
percentage of St. George Basin under nmean conditions;
therefore, superstructure icing is a distinct possibility for

nmost of the Basi n from Decenber through April.

2. Extrene Maps

a. Navarin Basin

Storm level wi nds (50 knots) and appropriate conbinations of
air temperatures, sea surface tenperatures and sea ice edge
conditions will produce icing in ten months from Septenber
t hrough June (Figs. 1, 3, 5, 7, 9, 11, 13, 15, 16 and 17).
It nust be remenbered that when ice edge positons are used
(mean, nminimum or maximun) the corresponding sea surface
temperatures "adjust" to the edge position with the lowest
seatenperatures adjacent to the ice. However, even on |ight
sea ice years (mnimal sea ice extent, higher than average
sea surface tenperature) a sudden cold front wth high w nds
can move into the Bering Sea and produce severe icing.
Atmospheric conditions will generally change on a shorter
time scale than the oceanic conditions and appear to be the
mosti Nportant variable in superstructure icing. Figures 1,
3, 5 7, 9, and 11 representing the nonths of September
through February respectively show that the most extreme
i cing possible for 50 knot wi nds results under conditions of

mnimum air and ocean tenperatures and naxi mum extent of 50%
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of sea ice coverage. This occurs because the maximum 50% sea
ice coverage 1is associated with low ocean temperatures over
most of the Navarin Basin area, even though the sea ice edge
position does not reach the basin as in September and
October.

Figures 13, 15, and 16, representing the months of March,
April, and May, depict conditions of 50 knot winds, minimum
air temperatures, and minimum extent of 50% sea ice with
ocean temperatures corresponding to the sea ice position. In
these months the maximum 50% ice edge position covered too
much of the Basin for extensive spray-induced icing to occur.
Instead, the minimum ice edge position led to the necessary
sea surface temperatures and wave action to produce the most
severe conditions over most of the Navarin Basin.

In June, the maximum ice edge was too far south for
mni num June air tenperature to cause icing. The mninumice
edge for June was so far north that sea surface tenperatures
in the Navarin Basin precluded icing even under 50 knot
wnds . Hence, 50 knot winds at the nmean 50% areal coverage
i ce edge position with corresponding water tenperatures and
m ni mum air tenperatures produced June icing for the Navarin

(Fig 17) .
b. St. George Basin

Extreme conditions (outlined above) will produce icing from
Cctober through June (Figs. 3, 5 7, 9, 11, 13, 15, 16, 17).
Figures 3, 5 7, 9, and 11 representing the months of Cctober

t hrough February respectively show that the nost extremne
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icing possible for 50 knotwinds results under conditions of
mninumair and ocean tenperatures and maximum extent of 50%
sea ice coverage. Again, this occurs because the maximum of
50% sea ice coverage is associated with lower ocean
temperatures over most of t he St . Geor ge Basin area, even
though the sea ice edge position does not reach the basin.

Figures 13, 15, and 16 represent the nonths of March, April,
and May, respectively.  They depict conditions of 50 knot
winds, mninum air tenperatures, and mnimum extent of 50%
sea ice with ocean tenperature corresponding to the sea ice
position. Again, the mininumice edge position led to the
necessary sea surface tenperatures and wave action to produce
the nost severe conditions over the St. George Basin.

Fifty knot winds at the mean 50% areal coverage ice edge
position with corresponding water tenperatures and m ni num
air tenperatures produced June icing for St. George Basin

(Fig. 17) .

Real icing conditions will fall sonewhere between the conditions shown
on the extreme and mean maps (Figs. 1-17). It should again be mentioned
that the thermal inertia of the oceans nmkes atnospheric changes the nost
dangerous variables in the icing puzzle. Table 1 shows that 50 knot
winds may exist for 1% of a nonth's tine or approximately 7 hours. Seven
consecutive hours of extreme icing will approach the critical accretion

of 10 cm (3.9 in.) and be very dangerous.
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F . FURTHER STUDY

A data gathering program should be initiated in the Navarin and St.
George Basins, Among the parameters measured during icing events
should be salinity of adhering ice, materials with or without coatings
adhered to, percentage due to sea spray, ship size, shipspeed,types

of waves, directionality and thickness of ice.

WAVE HI NDCAST STATI STI CS

A. INTRODUCTION

The environnental conditions characterized by the wave field in the
Navarin and St. George Basins (areas outlined by thin black Iines east
of 180° and northwest of the A eutian Islands respectively, Fig. 1)
were determned by a deep water wind wave hindcast schene.  The
cal cul ated deep water wave heights and periods were based on the
assunption of uniform steady wnd conditions along each wnd
direction. The fetch sinmulated for the establishenent of wave
statistics was chosen as the |argest fetch across the basin along the
direction of the wave hindcast. In nonths when the fetch was ice
limted it corresponded to the 50% probability of the 50% ice edge
position as shown in Figs. 4, 6, 8 10, 12, 14, 18, and 19. In the
Navarin Basin, the wind statistics derived by Kozo (1983) were
adopted, adjusted for the desired directional distribution function,
and used for the calculation of deep water wave statistics.
Simlarly, wnd statistics from St. Paul (Pribilof Islands) Marine
Area B, and Marine Area C (Brewer et al. 1977) were used for the

derivation of St. CGeorge Basin deep water wave statistics.
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B. DEEP WATER WAVE HI NDCAST THEORY

Hasselmann's paranetric w nd-wave nodel (Hasselman, 1976) was adopted
for the hindcast of the deep water wave. The fundamental concept of
Hasselmann's one parameter nodel is based on the prem se that the
response of the wave field to the wind input can be described by two
processes which occur at different rates: 1) the rapid adjustment of
the spectrumto a universal shape and an energy |evel such that the
input by the wind in the dom nant region of the spectrum isbal anced
by the nonlinear transfer and possibly dissipation,and 2) the slower
mgration of the peak toward |ower frequency due to the nonlinear
energy transfer across the peak. This concept has been verified by
JONSWAP'S field results (Hasselmann et al., 1973) and also by Wu's
| aboratory results (Wi et al., 1979). The one paraneter nodel is
limted to growing seas and cannot be extended into the swell range.

The governing equation is:

3 o £ - -
1 o =9 = - 7/3 ., 1 (3w, du
aar'i'Po sn - N o +u(3T+3n>

Where, Po = 0.95
4

N, =55x 10-
3 _uw 3 3 _wo = ., _ ag
5T g ﬁ'rtr-gvm'v' !vm‘_41rf|n
fo = Ufm/g ’ g = 0.85 for cosze spreading factor

Uis wind speed, g is gravitional acceleration,

f is peak wave frequency.
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For a uniformwnd field, the governing equation for predicting a |oca

peak frequency can be sinplified as:

-4/3 f 10/'3

g .

U m
(5

The anal ytical solution of the above equation in terns of the normalized

peak wave period, T, ,and normalized significant wave height, Hs can be

expressed as follows:

For 3
X < 3.5 x 10
H_ = 1.53 x 10-%°°°
T -0.7341 x93
P
otherwise B, = 0.283 tanh (0.0125 x0*42)
T, = 7.54 tamh (0.077 x0-25,

Where X = gX/Uz, k% = gs/UZ, TP = gTP/U. The results calculated by the
above equations conpare quite well with experinental observations made in

other parts of the world over many years

C. Results and Concl usions

1. Navarin Basin

The calculated results of wave statistics are in Table 2 (a and b)
through 13 (a and b) for the Navarin Basin. Both significant wave

hei ght (Hs) and peak wave period (Tp) are presented in frequency of
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occurrence and total percentage. The significant wave height is

the average height of the 1/3 highest waves. The height of the 5%

hi ghest waves is 1.73 Hs. (Pierson et al., 1971). This value wll
be representative of individual wave hei ght observations such as
the 51 foot seas (15.5 m reported (Petroleum Information, 1983)
for the Navarin in Cctober, 1983. For exanple, Cctober in Table 10
shows a maxi num Hs of 10 m Therefore, 1.73 Hs yields 17.3 m
putting the 51 foot waves within the predicted envelope. The
hi ndcasted maxi mum significant wave height and peak wave period are
13 m and 16 seconds for the Navarin Basin. These extreme events
occurred in the months of February and November. During the months
of ice coverage influence (November through June) most of the
events occurred concurrently with the wind fromthe directions of
north, northeast and east. The nmgjority of wave heights ranged
fromlto 5 mand wave period ranged from6 to 10 seconds. During
the months from July to Qctober (no ice coverage effect), both wnd
and waves had less directionality. The ngjority of significant
wave heights ranged from 1 to 3 m and peak wave periods ranged from

4t 08 seconds.

2. S. George Basin

The calculated results of wave statistics are in Table 14 (a.
and b.) through 25 (a. and b.) for the St. George Basin. Both
significant wave height and peak wave period are presented in
percentages. The hindcasted maxi num significant wave height and

peak wave period are 16 m and 18 seconds, respectively. These
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extreme events occurred in the nonths of February and Novenber
(also see Navarin Basin above). During the nonths of possible

ice cover influence on fetch (Novenber through Miy) nost of the

events occurred concurrently with wind directions from north,
northeast and east. The najority of wave heights ranged from1
to 5 mand wave periods ranged from6 to 10 seconds. During the
mont hs fromJuly to October (no ice coverage effect) both w nd
and waves had less directionality. The majority of significant
wave heights ranged from1l to 3 mand peak wave periods ranged
from4 to 8 seconds. The conputed statistics for St. George
Basin and the Navarin Basin were very simlar. However, the
position of the sea ice cover in the Bering Sea will always
result in a greater fetch distance for St. George Basin
simul ati ons. Therefore, under conditions of sinilar duration
the seas will be nore fully devel oped in the southernnost basin.
In addition, the tables will show that greater significant wave
hei ghts (from specified directions) do not always produce

greater peak wave periods. Again, fetch is a controlling

factor.

D. FURTHER STUDY

Anore detailed raw data analysis is strongly reconmrended and required
for the establishnment of design wave criteria related to Artic region
oil and gas devel opment activity. In particular, wnd time series

records of at least five years duration in each nonth should be

st udi ed.
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Figure 1. --Septenber extrene conditions:

and ocean tenperatures (sone ice i
wi nd speed (stormlevel) is inposed.
Kozo, 1984.)

produced by mninum recorded air
n Bering Strait). A 50 knot (25 n's)
(Adapted from VANTUNA Research G oup,
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Figure 2.--Cctober mean conditions: No ice in Bering Sea, nean air tenpera-
ture, and nean ocean surface tenperature. A28 knot (14 nfs) wind speed
(gale level) is inposed. (Adapted from VANTUNA Research G oup, Kozo, 1984.)
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Figure 4. --Novermber nean conditions: 50% probability of 50%ice coverage
(heavy line), mean air tenperature, and ocean surface tenperature corre-
sponding to ice coverage. A 28 knot (14 m's) wind speed (gale level) is
i nposed. (Adapted from VANTUNA Research G oup, Kozo, 1984.)
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ICING CATEGORIES
Name Rate 3/Hrs

% Extreme +1.25"
Ve u n
@ Mody ~ 075"to1.25

Heawy  0.50"to 0.75"

m Moderats 0.25" to 0.50" é
Light  0.1"to0.25" 4|

| Bathymetry in fathoms
80’ 170’ 160

Figure 3. --Qctober extreme conditions: produced by m ninumrecorded air and
ocean surface tenperatures. Maxinum extent of 50%ice coverage does not
reach the Navarin Basin area. It occurs in the Gulf of Anadyr and Norton
Sound only. A 50 knot (25 m's) wind speed (stormlevel) is inposed.
(Adapted from VANTUNA Research G oup, Rozo, 1984.)
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Figure 5.--November extreme conditions: produced by maximum extent of 50%

ice coverage (heavy line) ,
surface temperatures corresponding to
wind speed (storm level) is imposed.
Kozo, 1984.)
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Figure 7. --Decenber extrene conditions: produced by maxi mum extent of 50%
icecoverage (heavy line), mninum recorded air tenperatures, and ocean
surface tenperatures corresponding to ice coverage. A 50 knot (25 ms)
w nd speed (stormlevel) is inposed. (Adapted from VANTUNA Research Group,

Kozo, 1984.)
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Figure 8. --January nean conditions: 50% probability of 50%ice coverage

(heavy |ine), mean air tenperat ure, and ocean surface ten‘perat ure corre-
_spondi ng to ice coverage. A 28 knot (14 m/s) wind speed (gale level) is
i mposed.  (Adapted from VANTUNA Research G oup, Kozo, 1984.)
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Figure 9.--January extrene conditions: produced by maxi mum extent of 50%
i ce coverage (heavy line), mninum recorded air tenperatures, and ocean
A 50 knot (25 ns)

surface tenperatures corresponding to ice coverage.
w nd speed (stormlevel) is inposed. (Adapted from VANTUNA Research G oup,

Kozo, 1984.)
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Figure 10.--February mean conditions:
(heavy line), mean air temperature,

sponding to ice coverage.
imposed.

A 28 knot (14 m/s) wind speed (gale level)
(Adapted from VANTUNA Research Group,

50% probability of 50% ice coverage
and ocean surface temperature corre-
is
Kozo, 1984.)
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Figure 11.--February extrene conditions: produced by maxi mum extent of 50%
i ce coverage (heavy line), mninum recorded air tenperatures, and ocean
surface tenperatures corresponding to ice coverage. A 50 knot (25 n's)
wind speed (stormlevel) is inposed. (Adapted from VANTUNA Research Goup,
Kozo, 1984.)
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Figure 12.--March mean conditions:

50%

probability of 50% ice coverage

(heavy line), mean air temperature, and ocean surface temperature corre-
sponding to ice coverage. A 28 knot (14 m/s) wind speed (gale level) is

imposed. (Adapted from VANTUNA Research Group, Kozo, 1984.)
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Figure 13. --March extreme conditions: produced by mininmm extent of 50%ice

coverage (heavy line) , mnimm recorded air tenperatures, and ocean surface
tenperatures corresponding to ice coverage. A 50 knot (25 m's) w nd speed
(stormlevel) is inposed. (Adapted from VANTUNA Research G oup, Kozo,
1984.)
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Figure 14. --April
(heavy
sponding to

mean conditions:

line), mean air temperature,
ice coverage.

50% probability of 50% ice coverage

imposed. (Adapted from VANTUNA Research Group, Kozo, 1984.)
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Figure 15.--April extreme conditions: produced by minimum extent of 50% ice
coverage (heavy line), minimum recorded air temperatures, and ocean surface
temperatures corresponding to ice coverage. A 50 knot (25 m/s) wind speed
(storm level) is imposed. (Adapted from VANTUNA Research Group, Kozo,
1984.)
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Figure 16. --May extreme conditions:

temperatures corresponding to ice coverage
(storm level) is inposed.
1984.)
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Figure 17. --June extreme conditions: produced by nean extent of 50%ice
coverage (heavy line), mninumrecorded air tenperatures, and ocean surface
tenperatures corresponding to ice coverage. A 50 knot (25 m's) w nd speed
(stormlevel) is inposed. (Adapted from VANTUNA Research G oup, Kozo,
1984.)
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Figure 18. --50% probability of 50%ice coverage (heavy line) for May.
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Table la.

Navarin Basin Area.

% Winds

>28 kn (14 ms_

1y  >50 kn (25 in‘l)

%
air temperature

Months *W.M.0. Gale *W.M.0. Storm <0° F (18° Q)
Sept enber 7.0 <1 0.0

Cct ober 15.0 1 0.0
Novenber 18.0 1 0.0
Decenber 13.0 <1 00
January 17.0 1 0.0
February 20.0 | 2.5

Mar ch 7.3 <1 4.0

Apri | 5.3 <1 0.0

May 3.5 <1 0.0

June 2.0 0.0 0.0
Table Ib. St. George Basin Area.

% Winds %
>28 kn (14 in’l) >50 kn (25 in’l) air temperature

Months *W.M.0. Gale *W.M.0. Storm <0° F (18° C)
Cct ober 20.0 <1 0.0
Novenber 23.5 1 0.0
Decenber 16.5 <1 0.0
January 16.5 <1 1.0
February 18.5 1 1.5
Mar ch 12.0 <1 1.0
April 11.5 <«<1 0.0
May 5.0 <<1 0.0
June 2.5 0.0 0.0
*W.M.0. = Wrld Meteorol ogi cal Organization.
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NAVARIN BASIN

He(m) 1 2 3 4 5 6 7 8 9 10 1 12 13 OTAL%_
N

| 43 18 25 17 33 9 7 5 3 1 1 162 2.4
NE 4 51 34 45 35 38 23 17 10 7 2 262 36.3
E| 29 23 2 15 15 o 7 5 3 0 1 122 |16.9
SE | 3 1 13 72 0 & 0 2 73 |16.1
S| 27 5 8 2 2 2 0 1 49 6.8
SW| 9 2 2 2 1 14 1.9
W 7 2 2 2 0 5 18, | 25
NW 19 ]_ 2 22 3,1
TOTAL] 219 96 1 78 91 39 35 22 16 3 2 722
‘10 30.3 13.3 16.8 10. B 12.6 5.4 4.9 3.1 2.2 .4 3

Table 2a.  The predicted frequency of significant wave heights (Hs) in
meters for waves coming from 8 specified directions in January. These data
were derived from 3 hourly wind vel ocity neasurenents (Kozo, 1983).

Tp(H 2,y 6 8 10 12 Iy 16 JOAL %
N

| 13 13 35 a2 a2 15 2 162 |22.4
NE| « 15 e 8 e 36 262|363
El s 9 37 30 12 4 122|169
SEl nn 13 21 20 2 6 73 |10.1
S ) ) . 810141043 49 6.8
SWL 6 0 4 1 14 1.9
W 2 s 4 L 18 | 25
NW 2 u 7 2 22 3.1
TOTAL 4o 89 186 184 147 2 6 722
°4u] 6.8 11.1 255 255 20.4 10.0 .8 | |

Tabl e 2b. The predicted frequency of peak wave periods (Tp) in seconds
f Oor waves comingfrom 8 speci fied directions in January. These data were
derived from 3 hourly wind velocity measurenents (Kezo, 1983).
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NAVARIN BASI N

He(y {2 3 4 S5 6 7 8 o 10 1, 12 130TAL %
N 4 38 ) 19 20 ' 6; 1@ ) 19 [} 6 5 1 204 45,7
NE d 23 6 18 25 37 19 7 5 0 1 141 24.7
E_, 34 9 5 2 1 4] 0 1 2 2 o 4] 2 k1 1.2
SE 22 12 6 4 3 0 5 5 57 10.0
S_, 15 7 4 4 1 N 54
SW_ 15 1 3 i9 'x.J
Wi 4 2 23 | 4.0
NW’ 23 7 4 3 1 38 6.7

TOTAL| 187 65 62 107 62 38 20 311 i & 0 0 2| 5711
% 32.8 114 10.9 18.7 10.9 6.7 3.5 3.9 .4 .4 .4 0 .b ]

Table 3a. The predicted frequency of significant wave heights (#s) in
neters for waves coming from 8 Specified directions in February. ~These data
were derived from3 hourly wind velocity measurenents (Kozo, 1983).

Tp(8) 2. 4 68, 10 12 14 16 JOTAL _00

Nl e 16 35 8 38 19 1 206 |85.7
NE 4 9 16 437 56 12 1 144 24.7
El s 6 22 5 3 3 4 2| 58 |10.2
SE 68 20 10 3 10 57 |16.0
s| 3 4 15 8 1 31 5.4
SW| s & 6 4 19 3.3
Wl s 4 12 2 23 4.0
NWl & g 16 7 1 38 8.7
TOTAL] 40 69 142 168 102 42 6 2 |7
%% | 7.0 12.1 24,9 29.4 17.9 7.4 1.1 .4

Tabl e 3b. The predicted frequency of peak wave periods (Tp) in seconds
for waves coming from 8 specified directions in February. These data were
derived from 3 hourly wind velocity measurements (Kozo, 1983).
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NAVARI N BASI N

He(m) 1. 2 3 4 5 & 7. 8 9 10 . [2. 13 TOTAL %
N

1 72 35 3% s0 8 5 2 2 1 21t |30
NE| 30 12 19 35 8 4 1 2 ns |77
El s 7 6 4 6 o0 1 1 2 s2 | 8.1
SE} 5 9 5 5 & 0 3 a2 | 6.6
S| a s 7 5 3 2 1 | a9
SWI 26 1 s o 2 1 o 0 v 1 sz | s
Wl 2 9 301 6 2 1 o0 1 39 | 62
NW 34 21 14 9 8 1 87 13.6
TOTALL 248 331 ov 100 30 15 9 5 6 1 640
% | 36.8 17.3 15.517. 6.1 2.3 1.4 .8 6 .2

Table 4a. The predicted frequency of significant wave heights (Hs) in
meters for waves coning from 8 specified directions in March. These data
were derived from 3 hourly wind vel ocity measurements (Kozo, 1983).

Tp(S) 2.y 6. 8. 10 2. 14 16 TOTAL %%
R

11 19 77 86 13 5 211 33.0
NE| 3 10 3 s 12 3 13 | 17.7
E| « 1 2 6 10 2 2 32 | 8.1
SE| 3 , 18 10 4 3 42 6.6
s| 6 3 17 12 5 1 a4 6.9

sW| 6157 20 2 1 1 52 8.1
Wl 3 s 0 3 3 2 39 6.1
NW| & 12 39 23 9 87 | 136

TOTAU. 40 78 230 214 S8 17 3 £I0
%% 6.3 12.2 35.9 33.4 9.1 2.7 L.3
Tabl e 4b. The predicted frequency of peak wave periods (Tp) in seconds

for waves coming from 8 specified directions in March. These data were
derived from 3 hourly wind velocity neasurenents (Kezo, 1983).
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NAVARI N BASI N

Hs(m 1 2.3 4 5 6.7 8. 9, 10. I, 12 13 0
N|37"2033"5 2 oifl  20.9
NE [ 37 22 40 8 3 3 1 1uf 2.5
Elw 7+ 1 s 4 2 | 9.0
SE{ 32 10 3 2 3 50 [10.8
S 27 3 2 1 33 71
SWI| 2 30 o 1 s | 5.4
W i & 2 58 |12.5
NW| 3¢ & & 3 66 | 9.9
TOTAL 247 97 98 26 13 31 | a3
| _531 167 211 56 2.8.7.2

Table 5a. The predicted frequency of significant wave heights (Hs) “n
neters for waves coning from8 specified directions in April. These data
were derived from3 hourly wind velocity measurenments (Kozo,1983).

Te(S) 2 4 6.8 10 2.1 |6 TOTAL %
9

N 13 35 3 2 97 |20.9
NE! 311 45 a8 7 14 |24.5
El 0o 6 11 12 13 2 | 9.0
SEl s 1 2 s 3 s0 |10.8
Sl ¢ 10 w1 3 1 {na
SW| 3 7 o1 3 1 25 | 5.4
Wl s 22 29 2 58 |12.5
NWl s 17 17 7 w6 | 9.9
TOTAL} 3¢ 97 188 118 26 05
% 7.7 20.9 40.4 25.4 5.6

Table 5b.  The predicted frequency of peak wave periods (Tp) in seconds
for waves coming from 8 specified directions in April. These data were
derived from 3 hourly wind velocity nmeasurenents (Kozo, 1983).
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NAVARIN BASI N

He() 1 234 5 6 7 8 9 10 1, 12 13 TJoTAt %
N | 61 18 16 16 1 1 T |22.8
NE | 60 17 21 128 3 21 |24.9
E 22 15 6 3 51 10.5
SE] 5 & o 1 ’ ° ’ 32 6.6
S| 3 6 71 50 [10.3
SU_ &3 6 1 O “ 1 51 10.5
27 5.6
NHI gg ; 1 43 ﬂ
TOTAL 306 78 so 33 12 5 2 £ee
% 630 161 103 6.6 2.51.0 .4 \

Table 6a. The predicted frequency of significant wave heights (Hs) in
nmeters for waves comng from8 specified directions in Hay. These data were
derived from 3 hourly wind velocity oeasurements (Kozo, 1983

Te®) 2y 6 8 10 12 Iy 16 JOTAL %
N

l & 23 so 30 2 1 |22.8
N E.. 4 19 S4 a3 11 121 24.9
El 6 25 & 6 2 51 |10.5
SEf1 s 1 1 2 | 6s
S. 14 13 15 8 $0 10.3
SW| 21 14 7 0 1 s1 |10.5
N_ 3 10 14 27 5.6
NWI ¢ 16 20 1 43 8.9
TOTAL| 57 117 200 8G6 19 3 186
Yol 11.7 24.1 42.  17.7 3.9 .6

Tabl e 6h. The predicted frequency of peak wave }?eriods (Tp) in seconds
for waves coning from 8 specified directions in My. These data were derived
from 3 hourly wind velocity measurements (Kozo, 1983).
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NAVARIN BASI N

Hg(™) ; 2.3 4.5 6,7 8. 0 10, N, 12, 13 TOTAL %%
N1 &5 16 13 5 1 1 81 18.2
NE 28 13 14 10 1 66 14.8
E 10 10 2.3
SE 34 34 7.6
S l 36 1 1 38 8.5
SW| &2 2 & |1ss
Wl s¢ 22 3 2 0 1 1 85 [19.1
NW 42 12 5 2 1 62 13.9
TOTALl 238 66 36 19 3 21 ws |
% [ 71.5 14.8 8.1 4.3 .7 .5 .2

Table 7a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from8 specified directions in June. These data
were derived from3 hourly wind velocity measurements (Kozo, 1983).

Te(S) 2. 4 6 8 10 12 Pl 16 JOTAl “o
N

] 12 18 31 18 2 81 | 18.2
NE 7 9 25 14 11 66 14.8
El 3 s 2 10 2.3
SE} 13 17 4 2% 7.8
S| 9 2 8 1 38 8.5
SWl 12 ;3 1 2 69 | 15.5
Wl 16 13 51 3 3 1 gs | 19.1
NW| 13 17 2 7 1 62 | 13.9
TOTAL 88 132 162 45 17 1 %45
%%l 19.8 29.7 36.4 10.1 3.8 .2

Table 7b. The predicted frequency of peak wave periods ](th) in seconds
for waves coming from 8 specified directions in June. ese data were

derived from 3 hourly wind velocity measurenments (Kozo, 1983).
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NAVARI N BASI N

He(d 1 2 3 & © e 7 8 o 10 I 12 137074l %

N1 1210 4 8 2 70 9.6
NE | 5 13 10 2 6 0 2 65 9.1
Ela 5 2 49 6.9
SE 1 83 5 2 4 Q4 13.2
S |2 s 1 1s | 166
SW Ji18 5 2 125 175
W l10a 1 s 1 0 1 122 | 171
NW | sz 10 7 1 70 9.8
TOTAL[s27 66 39 12 16 3 2 713
o |80.9 9.3 55 1.7 2.0 .4 .3

Table 8a.  The predicted frequency of significant wave heights (Hs) in
meters for waves coming from8 specified directions in July. These data
were derived from 3 hourly wind velocity measurements (Xozo, 1983).

Tp(S) 2. 4 6. 8 10 12 1y 16 TOTAL 0
N

7 12 27 14 10 70 9.8
NE[ 8 10 27 10 8 2 65 9.1
E 4 14 29 2 49 6.9
SE| 27 4 20 &6 94 |132
Sl 42 58 17 1 118 | 166
SW| a1 56 21 7 125 |175
Wi 49 52 s 122 171
Nw| 7 24 a1 8 2 70 9.8
TOTAL 150 260 224 53 20 2 713
Yolong 37, 314 7.4 28 .3

Tabl e 8b. The predicted frequency of peak wave periods (Tp) in seconds
for waves conming from 8 specified directions in July. These data were
derived from 3 hourly wind velocity measurements (Kozo, 1983).
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NAVARI N BASI N

He() 1 2. 3 4 5 6. 7 8. 9 1~ 1" (Z ITIOTA %
N 121" 44 19177 5¢ 1 w7171
NE T 109 28 25 10 4 o 1 177 |16
Elnz 22 24 12 3 0 2 138 [11.4
SE.. 107 17 18 10 3 0 156  |12.9
Slws 18 6 & & 138|114
SW 1 104 18 13 0 2 1 {3 11.4
W } 100 26 20 1 0 1 g 122
NW | ss 17 5 12 109 9.0
TOTAL|8os 195 130 55 20 3 4 1211
o |66.4 16,1 10.7 4.5 1.7 .3 .3 i
Table 9a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from 8 specified directions in August. These data
were derived from 3 hourly wind velocity neasurenents (Kozo, 1983).
)2 4 6 s 10 12 TOTAL %
Nl 12 4 107 36 6 207|171
NE] 12 57 68 25 w1 177 [14.6
E] 10 25 e 2 1 2 138 [11.4
skE| 30 48 4 28 3 1 156|129
s| 29 49 46 10 4 138 11.4
SW| 22 4 38 31 2 1 138 11.4
Wl 18 38 70 20 2 18 122
NW | 1a 39 49 6 1 109 9.0
TOIAL j4; a6 688 180 65 5 1211
o f12.1 28.6 40.3 14.9 3.7 .4
Tabl e 9b. The predicted frequency of peak wave periods (Tp) in seconds

for waves conming from8 specified directions in August.

derived from 3 hourly wind velocity measurements (Koze, 1983).
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NAVARI N BASI N

He(m) | 2 3 4 5 67 8 9. 10 1, {2 13 JOTAL %
N]w2e a0 11~ 6 2 207 |21.5
NEje 7-0 15 4+ 1 O 3 106 f11.2
E_, 57 8 5 2 4 0 3 2 81 6.5
SEl e 10 5 3 65 | 6.8
S| = 15 9 3 2 80 8.4
SW| 39 23 “ 31 1 2 12.6
Wilio 25 3 2 ¢ 2 wun 1407
NW |, ez 316 . 15 [0
TOTAL| se7 178 115 32 16 & 62 951
%% | 62.8 187 32 34 17 5 § 0

Table 10a. The predicted frequency of significant wave heights (Hs) in
meters for waves comng from8 specified directions in September.  These
data were derived from 3 hourly wind velocity neasurements (XKezo, 1983),

&2 4 6 8 10 12 1 16 TOTAL %
N

4 12 40 96 51 8 207 21.8

NE 7 21 55 15 5 3 106 11.2

E" 7 23 35 5 6 5 81 8.5

SEl12 19 26 8 65 | &8

S_ 12 21 33 12 2 80 B.4

Sw 19 31 29 37 3 1 120 12.6

w. 19 40 6b 11 4 140 14.7

NW[ 15 48 68 23 152 |16.0

TOTAL 101 243 408 162 28 9 951

%%bhos 256  42.9 17.0 2.9 1.0

Table 10b.  The predicted frequency of peak wave periods (Tp) in seconds
for waves coming from 8 specified directions in September. These data were
derived from 3 hourly wind velocity neasurenents (Kozo, 1983).
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NAVARI N BASI N

Hg (m) 1 2. 3. 4 5 6. 7, 8, 9, 10, Il. 12. 13 TOTAL 4.
Nlsgas 23 1 8 8 3 0 7 146 31.4
NE | 3 1w I & 3 65 |14.0
E| 2 7 1 & 3 ©o @ & 3 p1 |131
SE | 18 6 6 4 2 0 3% 7.7
S| s 2 3 3 1 6 2 15 | 3.9
SW| s 6 8 © 4 I v a 2 | 6.0
Wi 12 19 o 2 2 9o 2 0 1 3¢ | 8.
NW |_3: 20 s 2 1 21 2 |15
TOTA.[ 200 g« 77 32 2% 13 6 8 10 1 465
o/, L43. 20.2 16.6 6.9 5.2 2.8 1.3 1.7 2.2 .2

Table ha. The predicted frequency of significant wave heights (Hs) in
neters for waves coming from 8 specified directions in cctober. These data
were derived from 3 hourly wind velocity measurements (Kozo, 1983).

Tp(S) 2 4 & 8 10 12 I 16 JOTAl %

N.. [ 26 52 34 16 10 146 31.6
NE}] 6 13 29 10 7 65 |40
el 2 7 19 10 1 & 3 61 [13.1
SE 4 4 16 10 2 36 7.7
S| . 3 4 6 1 2 18 3.9
SWl 5 2 14 4 2 28 6.11
o] 4 s 11 11 4 1 39 8.4
NW 3 14 40 10 3 2 72 15.5
TOTAL 34 76 167 105 55 24 4 465
%% 7.3 16.3 35,9 22.6 11, S 5.2 .9

Table 11b. The predicted frequency of peak wave periods %Tp) in seconds
for waves coming from8 specified directions in Cctober, hese data were
derived from 3 hourly wind velocity neasurenments (Xezo, 1983)
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NAVARI N BASI N

He( 4 2 3 4 S5 o 7 8 910 1, 12 13T0TAL %
4

NIl g 41 50 33 1 1 231 |32.4
NE ] 2 25 28 16 15 25 0 n 7 3 1 1p3 | 22.9
E 1 16 9 21 17 b ) 14 ] 4 0 2 1 1 9 15.3
SE] 7 y 6 4 0 3 1 39 5.5
S| s ] y 2 1 W 5.1
S\n’ 1 4 1 1% 2.1
Wl 2 6 2 1 4.4
NW [ e 8 8 1 5o |12
TOTAL[ 2s6 109 137 75 4 29 18 23 11 3 3 1 11 112
0/0 1 36, 15.3 10,2 10.5. 6.5 4.1 25 32 1.5 .4 .6.1 .1

Table 12a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from8 specified directions in Novenber. These data
were derived from 3 hourly wind velocity neasurements (Kozo, 1983).

D2 u 6 8 10 12 1y 16 JOTA %
N

| 1 18 91 %2 1 1 231 |32.4

NE] | 6 47 & &0 2] 4 163 |[22.9

El & 20 21 33 22 7 1 [109 [153

SE 1 2 13 15 4 4 39 5.5

S| o 6 20 11 1 38 5.3

SW| 1 7 2 5 15 2.1

W b2 9 19 2 31 4k

NW 22 29 26 9 0 86 12.1

TOTAU 2 81 238 199 92 48 11 1 | n2

%l 5.9 11.4 33.4 28. 12.9 6.7 1.5 .1

Tabl e 12b. The predicted frequency of peak wave periods (Tp) in seconds
for waves comng from 8 specified directions in Novenber. These data were
derived from 3 hourly wind velocity measurements (Kozo, 1983).
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NAVARIN BASIN

as(m 3. 2 3,4 5 678 9, 10 11, 2, 13 TOTAL %
NIl e 44 23 23 4 [ 2 1 0 1 168 23.1
NE|l 72 39 34 26 13 12 u 1 2 22 |29.2
El »n 9 7 11 010 12 7 6 5 3 12 [15.4
SE 9 9 3 8 0 4 5 2 50 6.9
S 4 1 7 11 u 3 0 1 58 2o
SW|l v s & o 7 5 o 2 a2 | 5.8
w|l 2 0 9 8 5 0 6 2 50 | 4.9
NwW [ 20 4 1. a5 | 4.8
TOTAL| 261 132 98 76 s« 29 35 21 12 1 5 3 |
% |39 18.2 135 105 7.4 4.0 4.8 2.9 1.7 .1 .7 .4
Table 13a. The predicted frequency of significant wave heights (Hs) in

meters for waves coming from 8 specified directions in Decenber.
were derived from 3 hourly wind velocity neasurenents (Kezo, 1983).

Tp(S)_ 2. 4 6.8 10, 12. 4 16 TOTAL 000
Nl 14 14 80 46 10 3 2 168 23.1

NE 7 22 81 60 25 17 212|292
E 5 6 137 9 18 22 15 112 | 15.4

SEq 1 3 % 13 8 11 50 6.9
s 2 4 1% 18 11 4 58 8.0

sW| 2 s 6 11 7 7 42 5.8
Wl 5 6 18 8 1 2 50 6.9

NwW 9 10 14 2 35 6.8

TOT. 45 764 269 167 90 66 16 727
%1 6.2 10.2 37. 23. 12.49.12.2

Tabl e 13b.

derived from 3 hourly wind velocity measurements (Kozo,1983).
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ST. GEORGE BASIN

He(™ 1 2 34 5 6 7 8 9 10, 1. 1213 TOTAL oo
hlﬁ + 3 4 4 0 4 1 0 1 0 + + 17
= 3 5 0 3 1 0 2 0 1 0 + 18
E ] 2 4 0 4 4 2 0 1 b + 17
SE. 2 4 3 0 3 2 0 + + + 15
s 2 3 2 0 2 1 0 + 0 + + 10
SV 1 0 2 2 2 0 1 0 + o 0 - 8
w 2 0 1 1 () 1 0 0 1 o 0 + 6
NW 3 0 2 2 0 1 + 0 o . 0 + )
CALM 2 2

TOTALY 20 2 112 19 8 3 2 2 + + +

Table 14a. The predicted frequency of significant wave heights (Hs) in
meters for waves coning from 8 specified directions in January.

These data were derived fromw nd vel ocity neasurements (Brewer
et al., 1977).

Te(S) 2. 4 6. 8 10, 12 1y .16 TOTAL_0/0

N + 3 & & 5 1+ 17

NE + 7 3 3+ 18

E + + 6 4 6 1 + iy

SE + 3 4 3 5 + 4 15

S + 2 3 2 3 + + o+ 10

sW + o+ 1 4 2 1 + 8

W + 1 1 1 1 2 + 6

NW + 1 2 4 1 .+ 8
CALHM; 2 7

TOTALY%e 2 11 28 25 27 B 4+ o

Tabl e 14b. The predicted frequency of peak wave periods (Tp) in seconds for
waves coming from8 specified directions in January. These data

were derived from wind velocity neasurements (Brewer et al.,
1977).
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ST. GEORGE BASIN

He fm) ! b 2 1 c & 7 o] Q In ? 17 1 s i6 TOTAl O/

N 4 5 5 o 5 3 o 1 + + 23

NE 3 5 0 5 5 0 3 0 1 o + + 22

E 3 3 0 3 2 2 0 1 0 + + 14

SE 1 4 2 ) 2 10 + 4 10

S 1 3 2 0 2 1 o + 0 + 4 9

SW 1 0 2 2 1 0 1 ) + 0 + 7

W 2 0 1 1 0 1 0 0 1 0 0 + 0 0 + 4 6

Nu - ~ - 1 a n 1 n n o n - B
~ 2t ha
TOTAL A

Table 152. The predicted frequency of significant wave heights {Hs) in
meters for waves coming from 8 specified directions irm February.
These data were derived from wind velocity measurements (Brower
et al., 1977).

Tofs) 2 L A B 10 12 14y 16 .18 TOTAL%

N| + 4 5 5 8 1 + 23

NE] + 1 75 5 4 + 22

E | + 1 5 3 4 1 + 14

SE + 1 4 2 3 + 10

S_ + 1 3 2 3 + - + 9

SV + 4 1 s 11+ 7

W + 1 1 1 1 2 + 4 4 6

Nl o " 5 Q 1 1 + 8
CALM/ 1 1

To™ e, 1 in 28 25 26 10 + + +

Table 15b. The predicted frequency of peak wave periods (Tp) in seconds for
waves coming from 8 specified directions im February. These data
were derived from wind velocity measurements (Brower et al.,
1977).

524



ST. GEORGE BASIN

He(m) 1, 2 3 4 S5 6 7 8 9 10 Il 12 13 v 15 16 0%
N. 4 5 4 0 3 2 1 0 + + 19
NE | 3 50 33 o 2 o 1 o+ + 17
E | 3 4 0 4 3 2 0 1 0 + 17
SE | 4 3 2 o 1 1 o0 + o+ + u
S | 3 3 2 o 2 1o + 0 o+ 1n
SW| 2 o 2 2 1 o+ 0+ o o 3
W 2 0o 2 10 1 0 0+ ¢ 0 + 0 0 + o+ 6
NW 4 0 3 32 0 1 00 + 1

CALM 2 2

TOTAL % 28 20 15 13 15 7 & 1 1 + + 0 0 + +

Table 16a. The predicted frequency of significant wave heights (Hs) in
meters for waves coning from 8 specified directions in March.
These data were derived fromwind velocity measurements (Brewer
etal., 1977).
Tp(S)2_y_ 68 10 12 14 16,18 TOTAL%
N + “© s 4 s 1 + 1 1
N E + 1 7 3 3 3 + + i
E + 1 6 4 5 1 + 17
SE|| + & 3 2 2+ + 11
+ 3 3 2 3 + 0 + 11
S:.. + 1 1 4 1 + + 7
Wi + 11 2 1 + o+ 7 6
NW + 1 i 6 2 1 + 13
CALM i _ 2
TOTALY% 2 16 29 7 22 7

Tabl e 16b.

The predicted frequency of peak wave periods (Tp) in seconds for
waves comng from 8 specified directions in March. These data

were derived fromwi nd velocity neasurements (Brewer et al.,
1977) .
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ST. GEORGE BASIN

He(m) | 2 34y 5 & 7, 8 9 o I, 2. 13 1y 15 1 OA%
Nj 6 4 0 3 2 0 1 26
NE 3 0 3 0 1 o+ o + 10
Ea. 3 3 2 0 2 1 0 + 0 + 11
SEI 3 3 2 0 1 1 0 + 0 + 10
S 3 3 3 0 2 1 0 + Y + + 12
SW | 3 o 3 2 1 o+ 0+ 5
W 3 0 3 2 (0] 1 (@] (0] + 0 0 + 0 0 + 9
NW | 4 0 5 6 3 0 1 0 0 + 17
CALM 2 2

TOTALY% 27 18 22 1 13 6 2 1 + o+ 0 0

Table 17a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from 8 specified directions in April.
These data were derived from wind velocity nmeasurements (Brewer
etal., 1977).

Te(S) 2. 4 6. 8. 10. [2. 14 16 TOTAL O

N + 4 6 3 5 1 20

NE .+ 5 3 1 1+ 10

E< + 3 3 2 3 + 1

SE, + 3 3 2 2 + + 19

S + 3 3 3 3 +' ’ 12

SW + 1 2 5 1 + 9

WJr + 1 2 3 2 1 + o+ 9

NW - 1 3 9 3 1 + 17
CALM, 2 2

TOTAL%6 |2 16 27 oSl 20 & )

Tabl e 17b. The predicted frequency of peak wave periods (Tp} in seconds for

waves coming from 8 specified directions in April. These data
were derived fromw nd vel ocity neasurements (Brewer etal,
1977).
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ST. GEORGE BASIN

He(y . 2 3 4 5 6 7 8 9 10 1 1213 TOTAL “/o
N | 4 7 o 4 3 0 1 0 + o
NE | 2 0 3 3 P 0+ o
E-‘ 4 5 0 2 1 + 0 + 12
SE & 4 2 ] 1 - 4] -+ 11
s 5 5 2 o0 1 + 0+ 3
Sw 3 o 3 2 1 0 + 0 + 0
W 30 31 0+ 0 0 o o o+ 7
NW 4 0 5 3 0 2 0 + 0 + 14

CALFI 1 "

TOTALY% 30 21 19 15 9 2 1+ £ o+ 0+

Table 18a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from8 specified directions in Hay.
These data were derived from w nd velocity neasurenents (Brewer
et al.,, 1977).

Tp(S) 2, 4y 6 8 _10,_12 14 16 Toral 00
N +

i 10 & 3 19

NE| 3 2+ 1

El + 1 8 2 1+ 12

SE + 4 & 2 1 4+ 11

S_ + ] S5 2 1 + 13

SW] + 1 25 1+ 9

Wi s 1 2 3 1+ 7

NW F + 1 3 8 2 + 14

CALM 1 I
TOTALS% T 14 w0 29 1z 1+

Tabl e 18. The predicted frequency of peak wave periods (Tp) in seconds for
waves conming from 8 specified directions in May. These data were
derived from wind velocity measurenments (Brewer et al., 1977).
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ST. GEORGE BASI N

He(m)j. 2.3 45 6 7, 8 9 10, I, 12, 13 TOTAL %
N § 6 3 0 1ov g 16
NE 4 0 5 2 1 0+ 12
£ P § 2 1 + 11
SE 5 4 1 0 + + 0 + 10
S 7 5 1 0 + " 13
SW 4 0 4 1 + 9
W 4 0 3 1 ) + 6 92 + 0 0 + 8
NW 8 0 3 1 0 + 0 + 10
CALM 1 i
1 3 VAT 7 S 7 y -
TOTAL"/0

Table 19a. The predicted frequency ©of Significant wave heights (Hs) in
neters for waves coming from8 specified directions in June.

These data were derived fromw nd velocity measurenents (Brewer
et al. .1977).

Tp(S) 2. 4 6 8 10 2. M 16 TOTAl 0.
N

+ 2 4 9 1 16

NE| + 1 8 2 1 12

EW + 1 7 2 1 1

SE + 5 4 1 + + 10

S + 7 5 1 + 13

s W + 1 3 5+ 9

\4_ + 1 3 3 2 b 8

NW + ‘ 1+ 10

CALM 1 1
TOTALYe 1 g9 38 55 5

Table 19h. The predicted frequency of peak wave periods (Tp) in seconds for
waves coning from 8 specified directions in June. These data

were derived from wind velocity measurements (Brewer etal.,
1977) .
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ST. GEORGE BASIN

He(™) 1 2 3 4 S 6. 7 8 9 10 Il_ 12 13 TOTAL Yo
Ni 4 0 3 1 0 + 8
NE | 4 0 3 1 + 8
E| Y . 0 1+ 10
SE | 7 s 1 o+ 13
S| 10 s 1 0 1 + 16
SW| 10 6 2 o+ o + 15
W 5 0 5 2 0 + 0 0 + 12
NW 5 0 5 2 0 + 12
CALM 2 2
TOTAL % 51 15 2 9 1 4+ 4+ g 4
Tabl e 20a.

! + 3 4 o+ 8

NE | + 1 6 1 + 8

E]l + 1 & 1 « 10

SE + ? 5 1 + 13

S) + 10 6 1 1 18

SW] + 2 5 8 o+ + 15

W_ + 1 4 5 2 + 12

NW + 1 4 7 + 12

CALM 2 2
TOTALS% 2 2 a1 28 3 +

Tabl e 20b.

The predicted frequency of significant wave heights (Hs) in
meters for waves coning from 8 specified directions in July.

These data were derived fromwi nd velocity measurements (Brewer
etal., 1977).

To(S) 2y 6 8 10 12 Iy 16 JOTAL 0
N

The predicted frequency of peak wave periods {Tp) in seconds for
waves coning from 8 specified directions in July. These data
were derived from wind velocity neasurements (Brewer etal.,
1977).
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ST. GEORGE BASIN

He(m) | 2 3 4
N--
NE |
E-
SE
S.
SW|
w--
NW
CALM

JI
o
N}
(s ¢]
0

O O 4+ o 0o o + o fp

10, 12,13 TOTAL. %4

+ 1
4
5

10

18

18

14

15
1

o 0O O N N OO
[ R R O P - T
NN WO O BT
O O - o=+ + O L
o O 4+ 4+ + 0o =T
+ o 6 + + +

',
st o O N DD BN

&
-
[
W
N
~
=
=
w
w
+
+
+

TOTAL 6

Table 21a. The predicted frequency of significant wave heights (Hs ) in
meters for waves coming from 8 specified directions in August .
These data were derived from wind velocity neasurenents (Brewer
etal., 1977).

Te(S) 2. 4 6 s 10 124 16 JOTAL /0
N

+ 1 3 6 1 + 11

NE + o+ 3 1 + o+ 4

E . + 4 1 + + 5

SE|| + 4 © 1 1 + 10

S + 8 7 2 1 + 18

s W + 2 5 10 1 + 18

\4,\ v 2 4 5 2 1 14

NW + 1 5 8 1 + 15

CALM 1 2
TOTAL% 1 18 35 3% 7 1

Table 21b. The predicted frequency of peak wave periods (Tp) in seconds for
waves conming from 8 specified directions in august. These data
were derived fromw nd velocity nmeasurenments (Brewer etal,
1977) .
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ST. GEORGE BASIN

He() 1. 2 3 4 S 6 7 8 9 10 U, 12,13 07AL %
N 4 0 6 4 0 2 0 1 + 17
NE 3 0 4 2 1 0 o+ o+ 0 10
E | 33 o 2 1 + 0+ 9
SE 3 3 2 0 1 + 0 + + 9
S 4 4 2 0 1 + 0 + + 11
SW| 3 0 3 2 1 6 + 0 + 9
w 5 0 3 2 0 1 o o + 1"
NW g 0 1 4 0 2 0+ 0 2
CALM|, 1 1
TOTAL % 25 10 27 16 5 5
Table 22a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from 8 specified directions in Septenber.
These data were derived fromw nd velocity neasurenents (Brewer
et al., 1977).
Tp(8) 2. 4 6 8 10. 2.1y 16 18 TOTAL%
N + 1 3 10 2 1 + 0o -+ 17
N E 16 2 1 + o+ + 10
El 1 5 2 1 + 9
SE + 3 3 2 1 + 9
4 4 201 + 1
S,.| 1 2 s 1 + g
W] + 2 3 3 2 1 11
NW + 2 6 1 2 + o+ 21
CALM,, 1 L
TOTAL%% 1 315 3 37 S S B S S
Table 22b. The predicted frequency of peak wave periods (Tp) in seconds for

waves coming from 8 specified directions in Septenber.
data were derived fromw nd velocity nmeasurenents (Brewer et al.,

1977) .
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ST. GEORGE BASIN

He(m) 1 2 3 4. 5 6. 7. 8. 9. 10 I _ 2, 13 Tota ‘/O
N| 4 0 5 4 0 & o 1 + 18
NE 2 0 2z 2 6 1+ ) + 9
E 1 o 1 1 100+ 0 5
SE 1 1 2 0 1 1 0 + + 6
S 2 3 3 0 2 1 0 + + 1
SW, 3 0 4 3 2 0 1 0 + o+ 4+ 13
w & 0 & 3 0 o 0 i 0 0o o+ 4|
NW 7 0 7 5 0 3 0 1 ¢ + 4 + 23

CALM| 2 ?

TOTALY % 25 5 27 18 8 12 2 2 14+ + +

Table 23a. The predicted frequency of significant wave heights (Hs) in
meters for waves coming from 8 specified directions in Cctober.

These data were derived from wind velocity measurements (Brewer
et 21., 1977).

Tp(S) 2.y 6 8 10 2.1y 16 . 18 TOTAL%

N + 1 3 9 73 1 + + 18

NE| 12 2 2 1+ 9

E + z 1 2 + 0 + 5

SE + 1 1 2 2 + 6

+ 2z 3 3 3 + k4 1n

s . 1 2 7 2 1 + 13

er + 1 3 3 4+ * 16

NW + 2 5 12 -1 ‘ 23

CALM 2 2
TOTAL%% 2 9 22 40 21 7+ +  +

Tabl e 23b. The predicted frequency of peak wave periods (Tp) in seconds for
waves coming from 8 specified directions in Cctober. These data

were derived fromw nd vel ocity neasurenents (Brewer etal,
1977) .

532



ST. CGEORGE BASIN

He(™ | 2 3 y 5 6 7 8 9 10 1t 12 13l I5 . 16 TOTAL%
N | 3 0 3 3 0 3 0 2 0 t 0 t t 14
NE 2 0 3 2 2 0 1 + 0 + o+ 10
E- 1 3 0 3 21 0 + 0 + 10
SE 1 2 2 0 2 1 () 1 + 8
S 1 3 3 0 3 1 0 + + - 1
SV 2 o 3 4 3 o 1 e 13
W 3 0 3 2 0 1 o [ o o + 4 + §
NW 4 0 4 4 0 3 0 1 0 + + + 16
M 1

TOTAL A |2 § 21 38 12 30 2 PR . L s .

Table 24a. The predicted frequency of significant wave heights (Hs) in
meters for waves conming from8 specified directions in Novenber.
These data were derived fromwi nd velocity measurenments (Brewer

etal, 1977).

Tp(8) 2. vy 6 8 10 2. 14 16,18 TOTAL%
N + 1 2 6 3 2+ 14
NE| + 1 4 2 2 1+ 10
E. + + 4 3 3 + + 10
SE + 1 2 2 3 1 +
S_ + 1 3 3 4 + + + 11
SW + + 2 7 3 1+ 13
W + 1 2 3 2 + )
NW + 1 3 8 3 1+ " 16
CALM 1 1
TOTALY 1 6 2 3% 23 7 + + +

Table 24b. The predicted frequency of peak wave periods (Tp) in seconds for
waves coming from 8 specified directions in Novenber. These data
were derived fromw nd velocity measurenents (Brewer etal.,

1977).
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ST. GEORGE BASI N

He() 1 2 3 4y 5 & 7 8 9 10 1 12 13T0TAL %
Nl + s o 4 3 o 2 1 0o+ 19
NE|] 3 o 4 o 2 o0 1 0 o+ o+ +| 18
E- 1 3 ] 2 3 2 o] 1 4} + 12
SE. 2 3 2 0 2 1 0 + + 10
S.. 1 2 3 0 z 1 0 + + [
SW| 1 0 2 2 1 o 1 0 + 4+ ?
Wi 2 0 11 0 1 0o o 1 o0 +] 6
NW 4 0 4 29 7 0 1 6+ 13
CALPI[, 1 !
TOTAL /o 23 27 32 15 35 7 5 3 2 + + + +|
Table 25a. The predicted frequency of significant wave heights (Hs) in
meters for waves comng from 8 specified directions in Decenber.
These data were derived from wind velocity measurenents (Brewer
etal., 1977).
Tp(S) 2. 4 6. 8. 10. 12 .14 . 16 18 TOTALY
H N T T S 19
NE + 1 s A’ 30+ + 18
E + + 4 2 5 1 + + 12
SE, - 2 3 2 3 + + 10
) P T < B g
SW| + + 1 &1 1+ 7
Wi + 11 1 1 2+ + 6
NW + 1 3 6 2 1 + 13
CALM 1 1
TOTALO/O 1 7 28 26 24 9 - -
Table 25b. The predicted frequency of peak wave periods (Tp) in seconds for

waves comng from 8 specified directions in Decenber. These data

were derived fromwi nd velocity nmeasurenents (Brewer et al.,
1977).
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