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| NTRODUCTI ON

Wave predictions are necessary to determne the nonths and |ocations of
highest risk for oil and gas devel opment in the Chukchi Sea area. A wave
hindcast schene (Hasselmann, 1976) was used to characterize extrene wave
conditions in Regions A, Band C (Fig. 1) for prescribed fetch distances.
These fetch conditions were controlled by both ice cover and coastline
orientation thereby becomng highly directionally dependent. Region C (Fig.
1) containing the Hope Basin and Kotzebue Sound has four primary coastline
orientations (Wse et al., 1981). Region B has one, while A existing in
wat er depths greater than 25 neters, has none. Two ice cover positions were
chosen utilizing data from Stringer (1984) and Brewer et al. (1977). The
first was the extreme mninum edge (50% areal coverage) which gives a maxi num
fetch. The second was the nean ice edge (50% areal coverage) which gives an
average fetch.

Monthly wind statistics (Brewer et al., 1977) from designated |and
stations bordering the Chukchi study regions and/or designated marine areas
containing the Chukchi study areas were used as nodel wind field input. The
out put generated were deep water, significant wave height, period, and
direction for the three regions (Fig. 1) plus breaking wave height, depth,
and run-up for five coastline orientations (Fig. 1). The deep water wave
hei ghts and periods are based on the assunption of uniform steady w nd

conditions along each wi nd direction.
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DEEP WATER WAVE HI NDCAST THEORY

A paranetric w nd-wave nodel (Hasselman, 1976) was adopted for the
hi ndcast of the deep water wave. Hasselmann's one parameter nodel is based
on the premise that the response of the wave field to the wind input can be

described by two processes which occur at different rates:

a. the rapid adjustment of the spectrumto a universal shape and an
energy level such that the input by the wind in the doninant region
of the spectrumis balanced by the nonlinear transfer and possibly

di ssi pation and,

b) the slower migration 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., 1973yand also by laboratory results (Wu et al., 1979). The one ¢
paraneter nodel is limted to growing seas and cannot be extended into the

swell range. The governing equation is:

125, , 2o L g3 . Lfaw 2
f_o'BT 0O an ‘to 3T - an
Were
Po=0.95
N =5.5x 10"
o
3 e 3 3 _ugy Gy .95
5t g st' 2 g Vo Ve lVml ant_
£ < = 0.85 for cos?e spreading factor

o =U%{g,

Uis wind speed, g is gradational acceleration,

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

peak frequency can be sinplified as:
g fm

~4/3 10/ 3
« g

— _ _4 13 f
= = 5.5 x 10 G m

The anal ytical solution of the above-equation in ternms of the nornmalized

peak wave period, Tp and normalized significant wave height, ﬁs can be

expressed as fol |l ows:
X< 35 x 103

~ —3 ~ .
For Hs = 1.53 x 10 ~_ XO >
T = 0.341 x°°°
P
. i _ ~0.42
ot herwi se Hs = 0.283 tanh (0.0125 X )
T = 7.54 tanh (0.077 x0-25)
P

~

Where;{ = gX/Uz, H_ = gﬁs/Uz' E‘p: ng/U The results calcul ated
by the above equations compare quite well wth experinental observations made
in other parts of the world over many years. For a given set of significant
wave height (Hs), peak wave period (Tp), and wave direction (8), a deep water
directional wave spectrum F(w, 6) can be approximted. Wen a wave spectrum
propagates through the shallow water region, it wll be subject to the
effects of shoaling and refraction. The transfornmed spectrum can be related

to the initial wave spectrum (Battjes, 1974; Collins, 1972; Longuet-Hi ggins,

1957), as fol |l ows:

F(w,0) d0dw = X —20O P (w,8.) 30— 48, du
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Where o denotes the initial conditions and Cg = nw/k is the group
vel ocity. Assune the directional spectrumFo (w, eo) can be deconposed in
such a formthat the energy distributed in different frequencies, Eo(w),are
wei ght ed by a directional spreadi ng factor ¢(eo), i.e.:
F (w,6) =E (w)¢(6 ).

Under the assunption of parallel bottomcontours, Snell's Law, i.e.: sin
6/sin 6° = k/k, can be applied to relate the refracted wave angle 6,to
simplify the calculation, i.e.:

k cosd 48

o

ée =

— 7 7. 173
(x? - k_* sin®s )

Finally, the transformed wave spectrum can be witten as follows:

2
n k“k cos6_¢{(5 )E_(w)
Flw,d) dédw = —= 2 o 2° °2 3 ae du
nk [k “- kS sin®8,]

o]

This transforned wave spectrumis valid prior to wave breaking. After wave
breaking, a different approach for the calculation of wave height in the surf

zone is applied

WAVE BREAKING CRITERI A

In the ocean, as a wave exceeds certain kinematical or dynamcal limts,
the wave will be broken and reforned. The visible white-capping phenonena is
the result of wave breaking. It has been argued (Phillips, 1958;
Kitaigordiskii et al., 1975; and Thornton, 1977) that in order to satisfy the
ki nematical dynam cal constraints of wave breaking, the wave spectrumin the
hi gh frequency range where wave breaking Occurs, must have a certain
uni versal shape existing, which is known as the equilibriumrange. One can
enmpl oy dinmensional analysis to derive a formfor the equilibrium spectrum
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The equilibriumspectrum $(w) without the effect of current can be
expressed as (Kitaigordiskii et al. , 1975; Thornton, 1977, and Wi et al.,

1980) :

vilw) = ak™? (2nw) ~1

where a is Phillips’ equilibriumconstant, n is the ratio of group velocity
to wave celerity, k is the wave nunber and wis the angular frequency. The

asynptotic forns of ¢{w) in the deep and shallow water regions can be shown

as:
Yplw) = agzw_S

_a . -3
and b (w) = 59hu

respectively.  The coefficient, «/2 needs to be verified in the shallow water
region.

As a wave field propagates toward the shallow water region, the process
of wave dissipation, within the equilibrium range, is not sufficient to
characterize the spilling, surging, or collapsing type of breakers which
occur in shallow waters. “Therefore, additional shallow water wave breaking
criteria are needed. Based on a conbi nation of the state-of-the-art
knowl edge of breaking  height, breaking  depth, deep water  wave
characteristics, and beach slope, the breaking criterion can be described by

(Wi et al., 1980):

E < yd
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where y = Hb/db and Hy and d, are breaki ng wave height and depth,
respectively, which are functions of beach slope and incident wave
characteristics. The breaking wave height is determ ned by the conbination
of Goda’s (1970) i ndex and LeMehaute and Koh's (1967) wave breaking

condition, i.e.:

-0.2 0.38

—_ - 13 |l ow 4 -
H, = 0.74hO S* (HO/LO) .(cosco)

: (coseb)o°28

and

‘b " (0.15 + 6.4 - Hy v’cosao/Lo)'Go

for 0.002 < Ho /3s6_/L_ < 0.1 ané 0.026<0.1

Where S is the beach slope, L is the deep water wave length and 6, is the
wave breaki ng angl e.
The breaking water depth d, is the summtion of the still-water breaking

dept h, b, and the maxi mum wave set-down, n, at the breaking location. ‘The
still-water breaking depth h is (Weggel,1972):
2
h, =B /[b - (aB /9T, ) ]
, Where
a = 1.36g(1 - e 25y and b = 1.56/(1 + e~19-3°8)

The maximumWave set-down n at the wave breaking point can be estinmated

theoretically for a solitary wave. The theoretical formof n, is:
= 2 3/2
Ny = ~Eg g T cosso/[64n(hb + ny) ]

Finally, y can be determined for a given set of initial wave conditions

and beach slope. Then, the breaking condition can be established.
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The conbi nation of equilibrium spectrum check (which would limt the
energy contained in the relatively high frequency range of a wave spectrunj,
and shallow water wave breaking conditions defines a very good breaking
criterion, predicts a better breaking location, and provides a better

sinulation of surf zone processes

WAVE RUN- UP

Wave run-up is defined as the maxi num vertical water displacement on the
face of the structure above the still-water surface during the wave attack
Since no sound theoretical background associated with the characteristics of
breaking waves has been established, the state-of-the-art calculation of wave
run-up is essentially based on experinental results. Since Hunt's equation
al ways produces a reliable estimation of wave run-up for breaking wave cases

it was adopted for the basic analytical foundation. It is as follows:

R = * Ck '!2
= 2.3 *S* (H/T)

Were R is wave run-up, S is beach slope, Hand T are wave height and period,

respectively.
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RESULTS AND CONCLUSI ONS
DEEP WATER WAVE STATI STI CS

Mont hl'y frequency tables of significant wave hei ght (Hs) and peak wave
period (Tp) for both maxi mum (m ninum ice edge) and mean (average ice edge)
fetch have been conpiled for Regions A, B and C.  Results show that the
values of Hs and Tp are consistently larger under maximum fetch conditions as
expect ed.

The hei ght of the 5% highest waves (H5) is 1.73 Hs (Pierson et al.,
1971). Tables of H5 were prepared for this study, but it is much sinpler to
take a (Hs) table value and multiply by 1.73. H5 frequency distributions can
be approximated by taking the Hs tables and doubling the nmeter values across

the top.

Region C

This is the farthest south of the three study regions and has the
|l argest span of open water nonths (Kozo, 1985). The mnimumice edge
position in the Chukchi Sea for My through November can be seen in Figs.
2a-8a.  The mean Chukchi Sea ice edge position from June until Novenber
(shorter open water period) is shown in Figs. 3b-8b. Tables 1-7 and Tabl es
8-13 show Hs and Tp for naxinum and nean fetch respectively. The nmonths wth
the greatest amount of open water, July to October, show little difference
between the correspondi ng maxi mum fetch data (Tables 3-6) and the mean fetch
data (Tables 9-12) since Region Cis so far fromthe ice edge.

The maxi mum Hs and Tp found for these open water nonths under both
maxi num and mean fetch conditions were 10 m and 14 s. These | arge waves can

cone fromthe south in July (Tables 3 and 9) and fromthe northeast and
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Figure 2a. The mininumsea ice extent (maxinmum fetch condition) in My
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-C.

Figure 2b. There is typically no open water in Regions A-C in My for nean
sea ice extent.
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Figure 3a. The mninum sea jce extent (maxi mumfetch condition) in June
(Stringer, 1984, Brewer et al, 1977) relative to Regions A-C
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Figure 3b. The nmean sea ice extent (average fetch condition) in June
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-C.

189



Figure 4a. The mininmum sea ice extent (maximum |€tCh condition) in %‘uéy

(Stringer, 1984; Brewer et al, 1977) relative to Regions
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Figure 4b. The nmean sea ice extent (average @e€tc¢h condition) in July
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-€.

190



Lali

A
-]
-—-r\\\:£§<<{; ?
C Alaska
USSR

AV

iy

Figure 5a.The mininmum sea ice extent (maximum fetch condition) in August
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-C.
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Figure b5b. The nmean sea ice extent (average fetch condition) in August
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-C.
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6a. The mininum sea ice extent (maximum fetch condition) in ?eP‘ember

Figure
(Stringer, 1984: Brewer et al, 1977) relative to Regii®s§ 4-C-

Figure 6b. The mean sea ice extent (average etch condition) in Septenber
(Stringer, 1984, Brewer et al, 1977) relative to Regions '
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Figure 7a. The mninum sea ice extent
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Figure 7b. The nean sea ice extent (average fetch condition) in Cctober

(Stringer, 1984; Brewer et al,
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Figure 8a. The minimum sea ice extent (maximum fetch condition) - Novenber
(Stringer, 1984; Brewer et al, 1977) relative to Regions A-C
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He(m) 1.2 3 45 g 7 8_ 910 12, 13 TOTAL
N | 21 11 5 + 37
NE 1 5 2 + 7
E] 2+ 4
SE 1 + + + 1
S-. 8 6 4 3 2 0 O 1 1 25
SW 3 2 1 o+ 6
W + + + + 1
NW 4 3 + + + 7
CALM|___12 12
TOTALY % ss 26 11 & 2 0 0 1 1+ 100
Teble I The DR fSOLEnY, LI AN 2 ™ Fhee Hata e ot v
fromwind velocity histogram (Brewer et al., 1977) conpiled at stations
near Region C for Oaxinum fetch conditions.
Tp(S) 2. y_ 6. 8. 10. 1214y 16 TOTAL %
N[ 2 19 15 1 37
NE 1 s 2 7
E + 2 2 + 4
SE| + 1+ + l
S 1 6 5 2 25
SW 1 2 2 2
w1 + + + +
NW 1 3 3 + + 7
CALM{ 12 12
TNTAl 9, 18 38 30 7 5 2 100
Tabl e Ib. The predicted frequency of peak wave periods (Tp) in seconds for waves

comng from eight specified directions in Hay.
fromw nd velocity neasurenments

These data were derived

(Brewer et al., 1977) conpiled at

stations near Region € for maxinum fetch conditions.
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Hg(~) 1, 2 3. 4. S 6. 7. 8. 9 10, . 12, 1370TaL %
N

. 16 6 3 0 1 -+ 26

NE | 8 1 + 0 + 4+ 10

E | 5 1 + 6

SE + + + 0 + + 0 + + 1

S 10 7 6 4 0 2 1 0 + + 30

Sw 4 & 2 1 1 + 0 + 8

u . + 0 0 0 0 + + + +

NW 2 2 0 1 + + 5
CALM

TOTAL% | £Q 19 10 6 2 3 1 + + | 100

Tabl e 2a. The predicted frequency of significant wave heights (Es) in neters for
waves from eight specified directions in June. hese data were derived

fromwi nd velocity histograms (Brewer et al., 1977) conpiled at stations
near Region € for nmaximum fetch conditions.

Yy 6. 8 10. 1214 16 JOTAL, %%

Tp(S)_2. Y,
N 3 1 3 6 3 1 26
NE 1 71 + + 9
E + 5 1 + 6
SE| + + + + + + 1
s 2 8 ? 6 6 + 30
sw| 1 T2 T+ 8
7 ) + 0 o+ 1
NW + 2 2 1 + 5
CALM{ 14 14
TOTAL% ), 21 38 19 13 & 1 + 100

Table 2b. The predicted frequency of peak wave periods (TR) in Seconds for wave
com r?g from eight gpeci¥i ed é)irecti ons Fi)n June.( rllgese (‘?a(?a were deriye
fromw nd velocity neasurenent (Brewer et al., 1977) conpiled at

stations near Region C for maximum fetch conditions,
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Hg (m) 2. 3. 4.5 6 7 8 9 o 1112, 13 TOTAL. -0
N 1 4 1 + 5
NE| s 31 4+ 12
E . 19 2 + + + 0 + 22
SE 6 1 + 0 + + 0 + 8
S 4 4 3 0 2 1 1 0 + + 15
SH_ 3 5 4 3 1 0 + + + 16
w 3 1 + 0 + + 4
NU 3 0 1 + + b
CALM|__ 12 12
TOTAL % 66 13 13 4 & 1 1 N - 100
Table 3a.  The predicted _frequency,of,si(?nificanI wave heights (Hs) in meters for
waves from e ight specified directions in July. These data were derived
from wind velocity histogranms (Brewer et al., 1977) conpiled at stations
near Region C for maximum fetch conditions.
T8) 2. 4 6 8. 10. 12 14 16 JOTAL ‘0
N 13 + 5
NE 3 7 1 + 12
E 3 16 2 + 2
SE 1 5 1 + + + 8
S | + 4 4 3 3 1 + 15
SNL + 3 5 7 1 + 16
w I + 3 1 + + 4
NW 1 2 3 + + 6
CALM| 12 12
TOTALSS| 19 37 26 12 5 1 + 100
Tabl e 3h. The predicted frequency of peak wave periods (Tp) in seconds for waves

These data were derived

coming fromeight specified directions in July.
1977) conpiled at

fromwind velocity measurements (Brewer et al.,
stations near Region C for maxinmum fetch conditions.
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He() 1. 2. 3.45 s 7.8 9 10 W 12, I‘JTOT:\Q%
+ 1

N[ s o 6 4 2 1
NE| s o 3 2 1 o 1+ 12
E[] 4« 2 1 1+ + 8
SE 4 3 1 0 + + 8
S 4 4 4 0 2 + + 14
SW| s 2 11+ 0o + + + 10
Wl & 2 1 o 1 + 4+ 9
Nw| 7 o 3 2 1 o + 0 + 13
CALM|_5 2
TOTALS% | 4613 20 10 g 2 1 + + 100

Table 4a.  The predicted frequency of significant wave heights (ES) in neters for
waves from e ight specified directions in August. These data were derived
fromw nd velocity histograms (Brewer et e |., 1977) conpiled at stations
near Region C for maxinum fetch conditions.

Tp(S) 2. 4 6 8 10 12,14 16 TOTAL %
N

1 3 10 4 2 1 + 21

NE| 1 2 5 2 11 + 12

El + 4 2 2 + o+ 8

SEIl 1 3 4 + + 8

sl + 4 4 4 2+ 14

SW 1 4 2 2 + + + 10

Wl 2 3 2 1 1 o+ o+ 9

NW[ 1 3 6 2 1 + 13
CALM{ s 5
TOTALY% | 11 26 35 17 8 3 + 100

Table 4b. The predicted frequency of pesk wave periods (Tp) in seconds for waves
com ng from eight specified directions in August. These data were
derived from wind velocity [ easurenents (Brewer et al., 1977) conpiled at
stations near Region C for maximum fetch conditions.
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Heg() 2 3 4 5 6 7. 8 9 10 1. 12, 13 JOTAL o
Nl s o 5 4 3 o 1 o 19
NE.. 6 0 3 2 2 0 1 0 + + 14
E|l & 3 1 1+ 1
SE] s 2 2 o+ s 9
S 5 2 3 0 1 + 0 + 1
SWl 1 1 0 1 o + + oo+
wl -« 2 1 o 1 + +
Nw“ 6 0 5 3 2 0 1 (] 1 18
CALM| 3 3
TOTALS s | 43 11 21 10 10 4+ 3 + 2 + 100

Tabl e 5a. The predicted frequency of significant wave heights (I1fs) in meters for
waves from e ight specified directions in Septenber. These data were
derived fromw nd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region C for maximum fetch conditions.

&) 2.y
N 1

~4 68 10 12 1y _16 _TOTAL, %
1 3 9 3 2 19
NE| 1 2 6 2 2 1 + 14
E_ 1 s 3 1 1 11
Sl v s 2 11 + 9
s 1 4 2 3 1 11
SU + 3 2 1 1 7
“HWl v 3 2 11+ 8
NwL + 3 8 3 2 2 18
CALM| 3 3
TOTALY .| 9 25 28 21 12 5 + 100

Table 5b.  The predicted frequency of peak wave periods (Tp) in seconds for waves

coming from eight specified directions in Septenber.
derived from ngnd vel ocity measurenents (Brewer et al., Iwecgﬁﬁﬂe\f}e%ﬁ

stations near Region C for maxinum fetch conditions.
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He() 1. 2. 3.4.5 6 7. 8 9 10 1, 12, 13 TOTAL %
N._ 4 0 8 10 9 6 3 + + 40
NE|[ 1 o 3 3 1 6 1+ g
E] 2 1 2 1+ 6+ 6
SEf 1 11 + 0 1 + 1+ 5
S L7 3 z ? 2 I P | + 16
Sw__ 5 1 + + + 0 + 7
w|l 2 1 1 o0+ + 5
NW{ 1 o T 2 1 T o+ o+ + 7
CA M 5
TOTALY% | 28 18 ¥ 44 7t 100

Tabl e 6a. The predicted frequency of significant wave heights (Bs) in neters for
waves from e ight specified directions ir Cctober. These data were
derived fromw nd vel ocity histograms (Brewer et al., 1977) conpiled at
stations near Region C for maxinmum fetch conditions.

Tp(S) 2. 4 6. 8. 10 12 14 16 TOTAL %
Nl + 1 3 8 19 9 + 40
NE| + + A 3 1 1 9
El + 2 1 3 + 4 6
SEl +«+ 1 .1 + 1 1 5
s| 1 6 3 2 2 2 + 16
Sw" 1 4 1 + + + 7
Wl . 2 1 1 + + 5
NWI + -+ 1 1 2 2 + 7
CALM:je 5 5
TOTALY% | o9 17 15 19 25 15 ° 100

Tabl e 6b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming from eight specified directions in Cctober. These data were
derived from wind velocity nmeasurenents (Brewer et al., 1977) conpiled at
stations near Region C for maxinmum fetch conditions.
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Hs() 1., 2.-3.45 6 7 8. 9. 10, N _12. 13 TOTAL, %
N| 4 6 o 6 6 0 3 2 0 o+ 27
NE.. 1 3 3 0 3 2 0 1 0 + + 13
E]l 1 2 2 2 + 0 1 o+ 8
SE_. + + + 0 + + 0 + + + 2
S.. 7 2 2 0 2 1 ] 2 1 1 18
SN_, 5 1 + o+ + 0 + + + 8
1% 2 2 1o 1+ 4 0o+ 7
NW 33 2 1 0 T 1 o+ 11
CALM 6 6
TOTALO/O 29 19 10 o 13 5 6 6 > 1 + 100 -

Tabl e 7a. The predicted frequeacy of significant wave heights (Hs) ie neters for
wavesfrom eight specified directions in Novenber. These data were
derived from wind velocity histograms (Brewer et al., 1977) conpiled at
stations near Region C for maximus fetch conditions.

Tp(S) 2. 4 6. 8 10, 12 14 .16 TOTAL_%
N + 1 6 6 9 2 + 27
NE + 1 3, 3 5 1 + + 14
E + 1 2 1 + 9
SE, + + + + + + + 2
S 1 6 2 2 3 3 18
S w 1 4 1 + + + + 7
Wl 2 2 11+ 6
NW + 3 3 3 1 1 11
CALM| 6 6
TOTALY% 5 18 23 20 21 s 2z - 100

Table 7b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming from eight specified directions in November. These data were
derived fromw nd velocity measurements (Brewer et al., 1977) conpiled at
stations near Region C for maximm fetch conditions.
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He() 1. 2. 3,45 6 7 8. 9. 10, I, 12, 13 JOTAL, %
N| 16 6 3 1 + 26
NE . 8 + + + 9
Cl s 1 + 6
SE | + + + + + + 1
S 10 76 4 2 o 1+ + 30
SW 4 2 1 1 + + 8
w + 0 0 0 + 1
NW 2 2 1+ + <
CA M 14
TOTAL % | 60 19 no6 3 - 1 ¢ 100
b
Tabl e 8a. The predicted frequency ofsignificant wave hei ghts (Hs} i n metersfor
wavesfrom eight specified directions in June. These data were derived
fromw nd velocity histograns (Brewer e tal.,1977) conpiled at stations
near Region C for nean fetch conditions.
Aps)2, Y 6.8 10 12,14 16 TOTAL, A
N 3 13 6 4 26
NE 1 7 1 + 9
E + 5 1 + 6
SE -;» + 4 + % 4 1
S 2 8 7 10 3 + 30
SW[ 1 12 2+ 8
Nj + + 0 0 + 1
NW + 2 2 1 + 5
CALM[ 1 14
TOTAL | 22 38 19 18 3 + 100
Table 8b. The predicted frequency of peak wave periods (Tpr)h in seconds for waves
ese data were derived

coning from eight specified directions in June.
fromwnd velocity measurements (Brewer et al.
near Region C for mean fetch -conditions.
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,1977) conpiled at stations



He(m) 1. 2. 3.4 S 8 9, 10 11. 12,13 JOTAL

N| 1 0 + + 5

NE| 3 1 o + 12

E|l 1 2+ o+ £ 0 + 22

SE . 6 1 + 0 + + 0 + 8

S 4 4 3 0 2 1 1 + 15

SWT. 3 5 4 3 1 0 + o+ 16

w i 3 1 + 0 + + 4
NW[ s 1 0o+ + —

CALM|__32 12

TOTAL o |__64_18 9 4 3 11 + + + 100

Table 9a. The predicted frequency of significant wave heights (Hs) in neters for
waves from eight specified directions in July. These data were derived
fromwind velocity histograns (Brewer et al., 1977) conpiled at stations
near Region C for mean fetch conditions.

Te(S) 2.y 6, 8 10. 12.14 16 TOTAL, %A
N 1 1 3 + + 5
N E i 7 3 1 + 12
E 3 16 2 + + 22
SE, 1 5 1 + + + 8
S + 4 4 3 3 1 + 15
SW_ 7 3 7 1 + 16
W | 3 1 + + 4
N\J 1 2 3 + + 6
CALM 12 12
TOTALY% | 19 a1 22 12 5 1 + 100
Table 9b. The predicted frequency of peak wave periods (Tp) in seconds for waves

coming from eight specified directions in July. These data were derived

from wind velocity neasurenents (Brewer
stations near Region C for mean fetch conditions.
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et

al .,

1977) conpiled at




Hg(¢» 1, 2, 3, 4 5 6 7 8 9, 0, 12, 13 JOTAL %
Nl 8 0 6 4 2 1 21,
NE 5 3 0 2 1 1 + 12
El 4+ 11 4 + -8
SE| &« 3 10+ o+ 8
S__ 4 4 4 0 2 + + 14
SW[ 5 =2 T 1+ 0o+ 10
Wil 4 2 1 0 1 + + 9
NW 7 0 3 2 1 + 0 13

CA M 5

TOTAL® | 46 16 17 10 8 3+ .100

Tabl e 10a, The predicted frequency of significant wave heights (Hs) in nmeters for
waves from eight specified directions in August
fromwnd velocity histograns (Brewer et al.

near Region C for mesn fetch conditions.

These data were derived

1977) conpiled at stations

TP(S) 2, 4 o6 8, 10 (2. 14,16 TOTAL, ‘'/0
1 3 10 4 2 21
“ NE 1 2 5 2 2 12

El + 4 2 2 +

SE| 1 3 4 + + 8
N 4 4 2 14
s w\ 1 4 2 2 + 10
Wl 1 3 s 1 1 ;
NW|[ 13 6 2 1 13
CALM{ ° 5
TOTAL 6| 11 26 35 17 9 100

Tabl e 10b.

conming from e ight
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The predicted frequency of peak wave periods (Tp) in seconds for waves
specified directions in August.
derived fromwnd velocity measurenents (Brewer et al.
stations near Region C for nean fetch conditions.

These data were
, 1977) conpiled at




Hg() 1. 2. 3.4 5 6. 7. 8 9 10 11 12 13 JOTAL %
N | 5 0 5 4 3 0 1 0 1 19
NE - 6 0 3 2 2 0 1 14
t J 6 3 1 1 + 11
SE 5 2 2 + + 9
S_. 5 2 3 0 1+ Q + 11
SW| 3 2 1 0 1 0 + + + 4+ 7
b e 2 1 0 1+ 8
NW 6 0 5 3 2 0 1 0 1 18
CALM 3 3
TOT ALO/O 43 11 21 10 10 + 3 + 2 + 100

Table ha. The predicted frequency of significant wave heights (8s) in neters for
waves from eight specified directions in September. These data were
derived fromw nd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region C for oOean fetch conditions.

Tp(S) 2. 4 6. 8 10 12.14 .16 Yo
N 1 [ 8 4 3 2 19
NE| 1 2 6 2 2 1 + 14
E| 1 s 3 11 1
SEl'1 4 2. 1 1 + + 9
s 1 4 2 3 1 + 11
SW| + 2 1 1 7
wl| 1 3 2 1 1 + 8
NW| + 3 8 3 2 2 18
CALM| 3 3
TOTALY%| 9 o5 a3 16 125 4 100

Tabl e 11b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming fromeight specified directions in September. These data were
derived from wind velocity neasurements (Brewer et al., 1977) conpiled at
stations near Region C for mean fetch conditions.
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He(™) 1, 2, 3, 4 5 6 7 8, 9 10 II. 12.137T0TaL %%
N 4 8 o 110 9 6 3+ 40
NE 1 3 3 0 1 1 + o+ 9
E] 2 1 2 1 4+ 6 ¥ 6
SE 11 + 0 1 + 1 4+ 5
-S|l 7 3 2 o0 1 1 11 + 16
SW 5 1 + + + 0 + + 7
Wil 2 1 1 o o+ + 5
NW ® 1 0 1 2 1 1 + + 7
CALM 5 5
TOTALS A | 28 18 10 13 34 10 6 1 + .100
Table 12a. The predicted frequency of significant wave heights (Hﬂ]in ters for
waves from eight specified directions in Cctober. ese data were
derived fromw nd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region C for nean fetch conditions.
TP(S) 2. 4y 6 8 10 1214 16 JOTAlL %%
Nl ¢ 1 1 19 0 - 40
NE| + 1 3 3 2 + 9
E + 2 1 3 + + 6
Sel « 1 1 + 1 1 5
sl + s 3 2 2 2 o+ 16
SWJ 1 4 1 + + + 1
wl + 2 1 1 + + 5
NW| + «+ 2 2+ 7
CALM], 5 5
TOTALS% | 10 17 23 3116 3 + 100
Table 12b. The predicted frequency of peak wave periods (Tp) in seconds for waves

comng from eight specified directions in Cctober. These data were
derived fromwind velocity nmeasurenents (Brewer et al., 1977) conpiled at
stations near Region C for nean fetch conditions.
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Hs (m) | 2.3 4 5 6 7. 8. o 10,11, 12,13 TOTAL. %%
N[ & 12 6 5 + 27
NE 1 3 3 3 2 1 + 13
El 1 i 2 1+ 8
SE + + + + + 2
s 7 2 2 2 1 3 1 18
SH I 5 1 + + + o+ 8
w 2 3 + 7
NW | 3 5 2 1 11
CALM 6 b
TOTAL % 29 20 18 12 4 4 2 100
Table 13a. The predicted frequency of significant “ave heights (Hs)in Deters for
waves from eight specified directions in Novenber. Ihese data vere
derived fromwind velocity histograms (Brewer et al., 1977) conpiled at
stations near Region C for nean fetch conditions.
TpS) 2, 4y 6 8 10 12 v 6 TOTAL. %
) NL + & 12 11 + 27
NE] 1 3 . iy
E I + 1 4 + 9
SE + + + + 2
S
1 1 6 2 4 1 18
Sw 1 4 1 + + + 7
- W + 2 3 1 6
N\ + 3 s 3 11
CALM 6 6
o
TOTAL%% 8 2 3 29 9 2 100
Tabl e 13b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming from eight specified directions in Novenber. These data were
derived from wind velocity measurenents (Brewer et al., 1977) conpiled at

stationa near Region C for mean fetch conditions.
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southwest in Septenmber (Tables 5 and 11). Since Hs is independent of Tp, the
joint probability of occurrence p (Hs, Tp) =p(Hs).p(Tp)(Guttmanand
Wilks, 1965). As an exanple, using the percentage frequency from Table 3 (a,
b) or Table 5 (a, b) for Hs and Tp their joint occurrence probability is
+++=2a(5x10-) “ (5 x 10 or .0025% in Region C for July or
Sept enber . The | argest possible Hs and Tp found were 11 m and 16 s
respectively for waves from the northeast at naximm fetch in Novenber (Table
7, Fig. 8a). This maxinumfetch condition has a 1% probability of occurrence
in Region C and is also independent of Hs and Tp. Therefore, the joint
probability of all three occurringis 1 .+ .+ =~ (1 x 10_2)’ (5 x 10'3)2
or .00000025% Region C usually has Iimted open water in Novenber (Fig. 8b)
which also elimnates the chances for large waves (Table 13).

Most potentially destructive wave directions are fromthe south for the
nmonths of May to July and fromthe north to northeast for the nonths of
August to November which correspond to the change in vector nmean w nds and

fetch for these months (Brewer et al., 1977).

Reeion B

This region is just above C and has a shorter open water period. The
mnimum ice edge position in the Chukchi Sea for June through Novenber can be
seen in Figs. 3a-8a. The nean Chukchi Sea ice edge position fromJuly until
Cctober (shorter open water period) is shown in Figs. &4b-7b. Tables 14-19
and Tables 20-23 show Hs and Tp for maxinum and nean fetch respectively. The
months with the greatest amount of open water for Region B are August and
September.  They show little difference between the corresponding nexinum
fetch Tables 16-17 and the mean fetch Tables 21-22 since the ice edge is far

away from Region B for both cases.
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He (m) 3. 4.5 6 7. 8 9 10 W, 12, 13 JOJAL o/0
Nl 2 2 + 14
NE| 12 s 4 + 2
El 6 4 3 2 B
SE 2 ‘ ‘ . 3
S 3 + + 0 ' 4+ + 0 4
SW| s o 2 1+ o+ 0 + 12
Wi 10 + + 0 ¥ 1
NW|_ o + )
CA M 8
100

TOTALY% | 7212 10 4 1 1 N N N

Table 14a. The predicted frequenc?/ of significant wave heights (Hs) in Oeters for
waves from eight specified directions in June. These data were derived
from wind velocity histograms (Brewer et al., 1977) conpiled at stations
near Region B for maxi num fetch conditions.

Tp(S) 2. y 6. 8 10, 12. 14 16 TOTAL %
N

1 11 2 + 14

NE 1 13 5 5 + 24

E| + 6 4 5 15

SE|l + 2 + + 3

S. 1 2 + + + + 4

SW 1 7 2 1o+ o+ 12

W] ! 8 1 + 11

NW[ @ 8 + 9
CALM|{ &

TOTAL®% 1 15 57 15 12 1 + 100

Tabl e 14b. The predicted frequency of peak wave periods (Tp) in seconds for waves
comng from eight specified directions in June. These data were derived
from wind velocity measurements (Brower or al., 1977) compiled at
stationa near Region B tor maxinum fetch conditions.
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Hg() 1. 2- 3 4% 5 6 7 8 9o 101, 12,13 JTOTAL. %
Nl 1 4+ 0 + ;
NE 8 3 1 + 12
E[ 1 2+ 0 oot + 2
SE 1 1 + + + 8
s 4 & 0 2 0 0 + o+ 5
SW| 3 o 5 4 3 0 1 o + 4+ 16
w 3 0 1 + + 0 + A
NH 3 1 + 0 + 6
CALM]__ 12 12
TOTALA L6 4 1 2 8 8 5 1 1 1 Ce e 100

Tabl e 15a. The predicted frequenc%/ of significant wave heights (Hs) in neters for
waves fromeight specified directions in July. These data were derived
fromwind velocity histograms (Brewer et al., 1977) conpiled at stations
near Region B for maxinum fetch conditions.

Tp(S) 2. 4y 6, 8 10 12, 14, 16 TOTAL %
Nl 1 s 1 + o+ 5
NE] 1 s 3 1 12
El 3 16 2 4 . . 22
SE( 1 5 1 + + 8
S+ 7 303 15
SWL + 7 4 3 + o+ 16
w._ + 1 3 + + + 4
NW 1 4 1 + + 12
CALM 12 i 100
TOTALY% 19 a9 25 R

Tabl e 156, The predicted frequency of peak wave periods (Tﬂ) in seconds for waves
coming fromeight specified directions in July. These data were derived
fromwind velocity nmeasurenents (Brewer et al., 1977) compiled at
stations near Region B for maxinmum fetch conditions.
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Hg (m) 2 3 4 5 6 7 8 9 0 2 3 T07A
N | 8 1 + 0 t 9
NE | 14 5 o 1 + 20

E ] u 5 2 0 1 + 19

SE 1 5 1 + + + 6
S| & 1 0 1 1 o + , 7
SW] o 3 1 1 0o o+ 0 o+ 12
Wi =+ o 1 1 1 0+ 10

NH 7 0 1 + + 0 0 0 + 3
CALM 9
TOTALYS | 72 13 IR + 100

Tabl e 16a. The predicted frequency of significant

waves from eight specified directions in August.
fromwind velocity histograms (Brewer et al.,
near Region B for maxinum fetch conditions.

wave heights (s} in Ceters for
These data were derived

1977) conpiled at stations

Tp8) 2. y 6. 8. 10. 12.14.16 JOTAL, 0/0
N i 7 1 + o+ 9
NE 1 5 13 1+ 20
E 1 10 5 2 1 19
SE,| 1 4 1 + + 6
S + 2 3 11 7
sW  + 3 7 11 12
H_r 1 3 4 11 10
NW 1 ! 4 + + + S
CALMI 9 | B
TOTAL%% | 15 37 38 6 4 + | 100

Table 16b. The predicted frequency of peak wave periods (Tp) in seconds for waves

comng fromeight specified directions in August.

These data were

derived fromwind velocity measurenents (Brewer et al., 1977) conpiled at
stations near Region B for maxinum fetch conditions.
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Hs() 1, 2. 3. 4 5 6 7. s 9 10 Il 12,13 TOTAL %
Nl 7 1 0o+ + 8
NE] « o 6 4 =« 26
E 12 6 5 2 + + 25
SE 6 1 + + 0 + ‘9
s 5 1 ] 1 + 0 ¥
SW 5 0 2 1+ 0 8
w 3 0 2 + + + 6
NW 3 1 ] 1 + 0 + 6
CALFI 7 7
TOTAL% | 64 10 15 10 1 + o+ 100 |

Table 17a. The Predi cted frequency of significant wave heights (Hs) in neters for

wavesT rom eight specified directions in Septenber. ese data were
derived fromwind velocity histograms (Brewer et al., 1977) conpiled at
stations near Region B for maximm fetch conditions.

TS 2. 4 6 8 1012 14 15 TOTAL- 00
Nl 1 3 4 + + 8
NE| . 6 15, 3 26
El 1 n 6 5 a o+ 25
SE 1 5 1 + + 7
Sl + 5 1 1 + 1
sW,r 1 1 5 1+ 8
Wl o+ 1 4 + + 6
NW| + 1 3 1+ 6
CA M; 7
TOTALSS] 12 33 39 32 4 o 100 ]

Tabl e 17b.

The predicted frequency of peak wave periods (Tp) in secqnds for waves
coni npg from ei ghtq spe():/ifieoP directionlg in Sepg eprgber. cl%&eeda a were

derived fromwind velocity neasurement (Brewer et al., 1977) conpiled at
stations near Region B for maxinmum fetch conditions.
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Hg() 1 2 3 4 5 6, 7, 8, 9 10, I, 12 1370TAL %
N 1 2 1 0 + + 3
NE 14 7 0 4 2+ 27
E] 4w 6 4 o + 26
SE__ 12 1 + + 13
S.. 7 2 0 1 + + 10
Sw 3 0 2 1 + + 0 + 7
w.. 2 1 0 + + 4
Nw 2 0 1 + + 2
CALM 7 2
TOTALY% 63 18 7 Z 5 + 1 +. 100
Table 18a. The predicted frequency of significant wave heights (Hs) in neters for
waves from e ight specified directions in Cctober. These data were
derived fromwind velocity histograns (Brewer et al., 1977) conpiled at
stations near Region Bfor maxinmum fetch conditions.
Te(S) 2. 4y 6. 8 10 12. 14 16 TOTAL, ‘0
N + i 2 + + 3
NE 1 6 6 2 2
E ‘r 113 6 4 2 26
S E | 2 10 1 + + 13
S 13 5 1+ 10
S H. + 1 4 1 + 7
Wi + 1 2 + + 4
NW + 2 + 3
CALM 7 7
TOTAL%% 12 36 36 11 5  + 100
Tabl e 18b. The predicted frequency of peak wave periods (Tp) in seconds for waves

com ng

from eight

specified directions in Cctober.
derived from Wind velocity neasurenents
stations near Region B for oDaximm fetc
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These data were
%Brewer et al., 1977) conpiled at
condi tions.




He (M 1. 2 3 9 5 67 8 9 10 I, 1213 Ag-°°

N 2 1 + + +
NE T 11 7 7 3 [4] 2 + 30
e[ 0 ¢ 6 3 o 2 + 21
SE 8 1 1+ o+ 11
S 4 1 0 1+ o+ + 7
SW| 3 1 0 1 + 0 0+ 9
w | 2 o + + + 5
Nw,| 2 v 2+ o0 * * l
CALM|_5 >
TOTALSA [ 4719 15 11 2 5 1 + 00 + 100

Table 19a. The predicted frequency of significant wave heights (Hs)l_ in nmeters for
waves from eight specified directions in Novenber. hese data were
derived fromw nd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region B for maximum fetch conditions.

Tp(S) 2. 4y 6. 8.10 12. 14, 16 TOTAL. %%
Nl + 2 1 + o+ 3
NE| 1 10 7 10 2 + 30
El1 9 6 9 2 N
SE| 1 7 1 1+ 1
S|+ 2 3 1 + ?
SW| + 1 3 3 1+ 0 + 9
wl o+ + 3 1 + + 5
NW" + 2 1l + + 3
CALM.| ° 5
TOTAL A | 11 34 25 25 5 + o) + 100

Table 19b. The predicted frequency of dpeak wave periods (Tp) in seconds for waves
coming from eight specified directions in Novenber. These data were
derived from wind velocity neasurenents (Brewer et al., 1977) conpiled at
stations near Region B for maximum fetch conditions.
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He(w) 1.2 3. 4 = 6 7.8, 9 40 I, 12,13 TOTAL. oo
N

1l 4 1 + + 5

NE| = 31+ 12

E y 19 + 0 + + + 22

SE 6 1 + + 0 + 8

S 4 0 3 1 + + 15

SW 3 5 4 o + 0 4+ + 16

w 301 & o o+ o+ 4

NW 5 1 + + 6
CALM|__12 12
TOTAL A 64 18 2 8 5 2 0 1 0 + + 100

Table 20a. The predicted frequency of significant wave heights (Hs) in nmeters for
waves fromeight specified directions in July. hese data were derived
fromwnd velocity histograns (Brewer et al., 1977) conpiled at stations
near Region B for mean fetch conditions.

TP 2. y 6 8. 101214 . 16 JOTAL ‘/0
. N 1 3 1 + 5
NE 1 7 3 1 12
E 3 1 6 2+ + + 29
SE 1 S 1 + - 8
S + 1 7 3 3 1 + + 15
Sw + 7 4 3 + + + 16
w] i 1 + 4
Wl s, .
CALM, 12 12
TOALY%| 19 40 23 9 5 ) + N 1 0 o0

Table 20b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming from ei %ht specified directions in July. These data were derived
fromwind velocity neasurenents (Brewer et al., 1977) compiled at
stations near Region B for nean fetch conditions.
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Hs() 1.2, 3. 4 5 6. 7 8 9 10 1. 12, 13TOTAL. %
N 1 8 1 + + 9
NE| 14 5 1 0 + 20
E.. 11 ) 2 0 1 19
SE 1 5 1 + + + 6
S 4 1 0 1 1 0 + 7
SW| s o 3 1 1 o + 0 + 12
W 7 1 0 1 1 0 + 10
NW, 7 1 + 0 + 0 + 8
CALM 2 9
TOTAL o |72 15 6 3 4 + + o + 100
Table 2la. The predicted frequency of significant wave heights (Hs) in neters for
waves from eight specified directions in August. These data were derived
fromwind velocity histogranms (Brewer et al., 1977) conpiled at stations
near Region B for mean fetch conditions.
. )
Tp(S) 2. 4 6. 8. 10. 12. itl6 Yo
N i 7 i + 9
N E 1 13 5 1 + 20
E 1 10 5 © 2 1 19
SE,' 1 4 1 + 6
S + 2 3 1 1 7
SW| + 3 7 11 - 12
Wl 1 3 s 11 10
NW 1 6 1 + + + 8
CALM| 9 9
TOTALSS] 15 48 27 6 4+ 100
Table 21b. The predicted frequency of peak wave periods (Tp) in seconds for waves

coming from eight specified directions in August. These data were
derived fromwind velocity measurenents (Brewer et al., 1977) conpiled at
stations near Region B for nean fetch conditions.
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Hg() 1. 2 3, 9 5 6, 7 8 9 10 .12, 13 TOTAL. o
Nl 7 1 0 4 .
N E 16 6 4 0 + 26
E 12 6 5 2 0 + + 25
SE 6 1 + + 0 + 7
S 5 1 0o 1 4+ 0 7
SW_ 5 0 2 1 + ] + 8
W [ 3 0 2 + + + 6
NW 3 1 1 0 + + 6
A M|
TOTALY% | 64 1616 5 1 + + 100
Tabl e 22a.

The predicted frequency of significant wave heights (I-ls)r in neters for
waves from eight specified directions in Septenber. hese dats were
derived fromw nd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region B for nean fetch conditions.

Tp(S) 2. 4 6. 8 10. 12, 4, 16 TOTAL 00

N[ 1 6 1 + + 8

NE|l] 1 15 6 3 1 + 26

El 1 1 6 5 2 25

SE| 1 5 1 + 4 7

S|+ s 1 1+ 7

SW[ 1 5 1+ °

wl + 1 4 + + + 6

NwWl o+ 3 1 1+ o+ 6

CALM] 7

TOTALO/O 12 47 25 12 4 + 100
Table 22b. The predicted frequency of peak wave periods (Tp) in seconds for waves
conming from eight specified directions in September. These data were
derived from wind velocity neasurements (Brower et al., 1977) conpiled at

stationa near Region B for nean fetch conditions.
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Hg(™m)1, 2. 3. 4 5 67 8 9 10 N, 12. I3 JOTAL, %
‘ 3

Nl 2 1 o+ o+
NE | 1 7 4 2 + 27
E 14 6 4 2 0 + 26
SE 12 1 + + + 13
s 7 2 0 1 + + 10
SW| 3 2 0 1 + 0o+ 7
w . 2 1 0 + + 4
NV 2 1 + 0 + 3
CALM 7 7
TOTAL 6 63 21 8 7 1+ + o+ 100

Table 23a. The predicted frequency of significant wave heights (Hs% in neters for
waves from ei ght specified directions in Qctober. hese data were
derived from w nd velocity histograns (Brewer et al., 1977) compiled at
stations near Region B for mean fetch conditions.

Tp(S)_2. 4 6 8 10, 12.14 16 JOTAL—0/0
N + 2 1 + 3
NE 1 13 7 6 + “27
E 1 13 6 6 + 26
S E 2 10 1 + + 13
S 1 3 5 1 + 10
Ser + 1 4 1 + 7
: WJ + 1 2 + 4
NW + 2 1 3
CALM 7 7
TOTAL% 12 45 27 15 1 100

Table 23b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coming fromeight specified directions in october. These data were
derived fromwnd velocity measurenents (Brewer et al., 1977) conpiled at
stations near Region B for mean fetch conditions.
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The maxi mum Hs and Tp found in the nmajor open water nonths were 9 m and
12 s respectively (Tables 16 and 21, August) for waves com ng fromthe
southwest and northwest. Using the percentage frequency from Table 16 (a, b)
or Table 21 (a, b) the joint probability of occurrence for Hs and Tp is
+++=~(5x%x103) “(5x10% or .0025% in Region B for August. The
| argest possible Hs and Tp found were 12 mand 16 s respectively for waves
fromthe southwest at maximum fetch in July (Table 15, Fig. 4a). This
maximum fetch condition also has a 1% probability of occurrence in Region C
and is independent of Hs and Tp. Therefore, the joint probability of the
| argest wave, calculated as for Region C (above), w |l equal =~.00000025%.
Region B usually has the ice edge on its northern border (Fig. 4b) which
means that winds fromthe south will create the |argest waves

Most potentially destructive wave directions are fromthe south and
sout hwest for all the nmonths of open water in Region B. This is generally
due to the sea ice edge at it’'s northern boundary reducing the total fetch

for northerly w nds.

Region A

This is the farthest north of the three regions studied and, therefore,
has the shortest open water season. It also has no conplicating coasta
areas so that the deep water statistics will apply to the entire region. The
minimm ice edge position in the Chukchi Sea for July through Novenber can be
seen in Figs. 4a-8a. In Novenmber (Fig. 8a) the nmininmum sea ice position
still covers nore than 50% of the region. The nean Chukchi Sea ice edge
position from August to Cctober is shown in Figs. 5b-7b. Tables 24-28 and
Tables 29-31 show Hs and Tp for nmaxinmum and nean fetch respectively. Due to
the proximty of the ice edge there is considerable difference between

corresponding maxi num and nean fetch tables in all nonths.
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Hg() 1. 2, 3. 4 5 6 7. 8 9 10 N, 12 13JOTAL. %
N | 4 1 + + 5
NE| s 301 + 12
E . 19 2 0 + o+ o+ + 22
SE 6 1 + + 0 + 8
S 4 0 4 3 2 o 1 o o + + 15
Sw 3 0 5 4 3 0 10 : 0 + + 16
W 3 1 0 + 4+ + 4
NW 5 1 + + 6
CALM|_ 12 12
TOTAL 64 9 1 8 5 + 2 + 1 0 + + 100

Table 24a. The predicted frequency of significant wave heights (#s) in neters for
waves fromeight specified directions in July. These data were derived

fromwnd velocity histograms (Brewer et al., 1977) conpiled at stations
near Region A for maxinmum fetch conditions.

Tp(S) 2. 4 68 10 12 Ppi 16 JOTAL,_ 00

N 1 3 1+ 5

NE 1 7 3 1 1

E 3 9 9 + + + 22

SE s 1 5 1 + + + 8

S + 1 703 2 2 + + 15

Sw + 1 7 4 3 1 + + 16

WJ + 1 3 + + 4

NW 1 4 1 + 6
CALM 12 17
TOTALS% 19 1 32 9 6 3 N N

Table 24b. The predicted frequency of peak wave periods (Tp) in seconds for waves
coning from eight specified directions in July. These data were derived
fromwi nd velocity neasurements (Brewer €t al., 1977) conpiled at
stations near Region A for maximum fetch conditions.
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2 3.4 5 6 7. 8 9 10 12.13

TOTAL. 0/0

Hg (m)
N

1 8 1 + + 9
NE . 14 5 1 + 0 + 20
E| n 5 0 2 1 0o+ 19
SE. 5 1 + 0 + + 6
S 4 0 1 1 1 0+ 7
SW| o 3 11 o + 0o« 12
W-[ 7 b1 R | 6+ 10
NW 7 1 + + 0 0 + 8
CALM | 9 9
TOTAL A | 7213 s 5 4 + + 0 + 100
Table 25a. The predicted frequency of significant waveheights (Ha) in neters for
waves from e ight specified directions in August. These data were derived
from wind velocity histograms (Brewer et al., 1977) conpiled at stations
near Region A for oDaxinum fetch conditions.
o
Tp(5)_2. 6, 8. 10. 1214 . 16 TOTAL, %o
'N.L 1 7 1 + 9
NE 1 13 1 + 20
E 1 3 12 2 1 19
SE i 1 4 + + 6
S + 2 1 1 + 7
sW o+ 3 7 1 1 12
H. 1 3 4 1 1 + 10
NW 1 [ 1 + 0 + 8
CALM) 9 9
TOTAL% 15 41 % 6 4 + 100
Table 25b.

The predicted frequency of J)eak wave perioda (Tp) in seconss fOr waves
coming from eight specifie i i

derived fromwind velocity Oeasurenents (Brewer et al., 1977) conpiled at
stations near Region A for maxinum fetch conditions.
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He(m_J_2. 3.4, 5 61, 8 9. 10 1, 12, 13 T0TAL %
N

7 1 + +

NE 16 6 3 0 1 N 26

E 12 6 0 5 2 + 0 + 25

se| & 1 o + !

s[ s . 1 R T 7

SW[ s o 2 1+ 0 ’

w 3 0 2 + +* 6

NW 11 1 0+ + 6

CALM| 7 106
TOTAL A | 64— 13 - : - - - - :

Table 26a. The predicted frequenc%/ of significant wave heights (Hs) in meters for
waves from eight specified directions in Septenber. These data were
derived from wind velocity histograms (Brewer et al., 1977) conpiled at
stations near Region A for maxinmum fetch conditions.

Te(S) 2, 4. 6. 8 10, 12,14, 16 TOTAL %
8

Nl 1 6 1 +
NE| 1 15 6 3 1 o+ 26
El 1 4 13 2 + 25
SE| 1 3 3 + + + 7
Sl + 3 3 1 + + 7
sl 1 1 5 1 + + 8
Wl + 1 4 + + b
NWl + 3 1 1 + * 6
CALM{ 7 7
TOTALo | 2 36 36 12 * + T00

Table 26b. The predicted frequency of peak wave periods (Tp) in seconds for waves
comng from eight specified directions in Septenber. These data were
derived fromwind velocity measurements (Brewer et al., 1977) conpl ?ed at
stations near Region A for Oaxi num fetch conditions.
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He() 1. 2 34 5 67 38 10 n,_ 12, 13_JOTAL, ©
N } 2 1 + G + 3
NE| 1 7 4 0 2 + 27
E 14 6 0 & 2 0 26
SE 12 1 + 0 + + 13
S 7 0 2 1 + 0 10
SW| 0 2 1+ 0 + 7
wo 2 0 1 + + 4
Nw 2 1 + 0 + 3
CALM 7 7
TOTAL % | 6 o 6 2 1 : 100

Table 27a. The predicted frequency of significant wave heights (Hs) in oetersfor

waves from eight

specified directions in Cctober.

These data were

derived fromwnd velocity histograns (Brewer et al., 1977) conpiled at
stations near Region A for maxinmum fetch coaditions.

() 2. 4 6 8 10 1214 16 TOTAL %
N + 2 1+ + 3
NE 1 13 74 2 + 27
E 1 s 14 4 2 26
SE| 2 10 1 o+ + 13
s 1 3 33 + + 10
Swj + 1 1 + + 7
H_ I + 1 + 4
Nw_ + 2 1 3
CALM|] 7 7

TOTALY% 12 37 33 13 5 + 100

Table 27b. The predicted frequency of peak wave periods (Tp) in seconds for waves

comng from e ight specified directions in Cctober. _
velocity neasurenments (Brewer et al., 1977) conpiled at

derived from wn

stations near Region A for maximum fetch conditions.
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He() 1. 2, 3.4 5 6 7 8. 9. 10, I, 12 13 JOTAL Q0
Nl 2 1 + 3
NE 1 7 10 2 + 30
E| 10 6 6 3 2 + 21
SE]l s 1 1+ 0 + 11
s & o 11 + 0 o+ 7
SW[{ 3 1 o 2 1 1 o o o o+ 9
w 2 1 1 + 0 + + 5
NW 2 1 + 3
CA M 5
TOTAL % |_47_18 19 Q Lo 1 + + 0 " 100

Tsble 28a. The predicted frequency ofsignificant wave heights (Hs) in Deters for
waves from eight specified directions in Novenber. These data were
derived fromwi nd velocity histogram (Brewer et al., 1977) conpiled at
stations near Region A for maximum fetch conditions.

Tp(S) 24 68 10, 12,14 16]re-%

N.. + 2 1 + 3

NEI. 4 7 14 . 5 + 30

El 1 9 6 9 + 27

SE|] 1 7 1 1 + 11

S| + 2 3 1 + + 7

SVW| + 1 3 2 1 1 9

Wl + 2 1 + 5

NW. + 2 1 + 3
CALM), 5 :

TOTAL% | 14 32 30 20 °1 100 .

Tabl e 28b. The predicted frequency of peak wave perioda (Tp) in seconds for waves
coming from eight specified directions in November. These data were
derived fromwind velocity measurenents (Brewer et al., 1977) conpiled at
stations near Region A for maxinum fetch conditions.
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E
o)
By
1
o
~J
1!
(0]

9,10, N, 12, 13TOTAL,

N 1 8 1 + 9

NE ] 14 5 1 + 20

El n s 2 0 1 + '19

SE 1 5 1 + + + 6

S 1 4 1 0 1 1 0 + 7

S\J__ 7 0 3 1 1 0o+ 0 + 12

L 1 1 o 1+ 10

NW 7 1 + + 8
CALM 9 9
TOTAL % 72 s 92 4+ + o ¥ 100

Table 29a. The predicted frequency of significant wave heights (Hs) in neters for
waves from eight specified directions in August. hese data were derived
from wind velocity histograms (Brewer et al., 1977) conpiled at stations
near Region Afor mean fetch conditions.

Tp(S) 2. 4 6. 8 10 12, N, {6 JOTAL, %
N 1 7 1 + 9
NE 1 13 6 + 20
E 1 10 5 2 1 19
SE 1 4 1 + + 6
S + 2 3 1 7
S\ij + 3 7 11 + 12
Wi, 6 1 11 10
NW 1 6 1 + 8
CALM 9 9
TOTALY% 15 51 25 5 4 « T00

Table 29b. The predicted frequency of peak wave periods (Tp) in seconds for waves

comng from eight specified directions in August. These data were
derived fromw nd vel ocity measurement (Brewer et al., 1977) conpiled at
stations near Region A for nean fetch conditions.
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Hs() 1. 2. 3. 4. 5 6 7. 8 9 10,11, 12, 13 TOTAL. %
8

N ‘l 7 1 + +
NE 16 6 3 1 + 26
E 12 6 5 2 + 25
SE 6 1 + o+ 7
s 5 1 1 + 7
SW1 s 0 2 1 + o+ 8
wl 3 2 0 + + + 6
W[ 2 1+ ¢+ ;
CALM| 7 7
TOTALYe | 64 18 13 5 + + + 10

Table 30a. The predicted frequency of significant wave heights (Hs) in meters for
wavea fromeight specified directions in September. These data were
derived fromwind velocity histograms (Brewer et al., 1977) conpiled at
stations near Region & for nean fetch conditions.

TP|\|(S) 29 6 a8 10 (2,14 16 TOTA—2e
1 6 1 +

NE| + 15 6 s 1 26
El 1 1 3 5 2+ 25
SE[ 1 5 1 + 7
S| + 5 2 + 7
syl 1 5 1 o+ o+ 8
w' + 1 4 + + + 6
NW[ +3 11 . 6
CALM{ 7
TOTALS A | 12 47 o6 11 4 - 100

Table 30b. Th.predicted frequency ofpeak wave periods (Tp) in seconds ‘Or Wvaves
comng from eight specified, directions in Septenber. These dais were
derived from wind velocity neasurenents (Brewer et al., 1977) conpiled at
stations near Region A for mean fetch conditions.
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Hs @n) 12 3.4.5 6 7. 8. 9. 10, 11,12, 13 JOTAL. %
Nl 2 3
NE 14 11 27
El . 6 4 26
SE 12 1 + 13
S 7 3 + 10
SW 3 2 1 0 + + 0 + 7
w 2 1 + 0 + + 4
NW 2 1 + 3

CALPI 7

TOTAL %6 63 26 8 2 1 + 0 + 100

Table 31a. The predicted frequency of significant wave heights (8s) in neters for

waves from e i ght specified directions in Qctober.  These data were
derived fromwnd velocity histograns (Brewer ot al., 1977) conpiled at
stations near Region A for nmean fetch conditions.

o
Tp() 2. 4 6 8 10 1214 16 JOTAL %
N._ + 2 1 + 3
NE] 1+ 13 1 2 27
E{ 1 13 10 2 26
SE 2 10 1 + 13
S | 1 6 3 + 10
Sw + 3 2 1 + + 7
w}r + 2 1 + + 4
NW + 2 1 + 3
CALM{ 7 7
TOTAL Y% | 12 51 30 6 1+ 100
Table 31b. The predicted frequency of peak wave periods (Tp) in seconds for waves
conming from eight specified directions in Cctober. These data were
derived from wind velocity neasurenents (Brewer et al., 1977) conpiled at

stations near Region A for nmean fetch conditions.
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The maximum Hs and Tp found for nmaximum fetch conditions (1%
probability) were 12 m and 16 s respectively for waves generally from the
south to southwest in July, (Table 24). The joint probability of this large
wave in July is ~.00000025%. The naxinmum Hs and Tp found for average fetch
conditions were 9 mand 12 s respectively for waves fromthe southwest in
August (Table 29).  The joint probability of occurrence for this wave is
. 0025%.

Most potentially destructive |large wave directions are fromthe south
and southwest for all the nonths of open water in Region A This is due to
the sea ice edge, which usually exists at or within its northern boundary,
reducing the total fetch for northerly and northeasterly w nds which are the

most conmon.

Fi ve Percent H ghest Waves |,

The maximum Hs for Regions A, B and C was 12 m  The height of the 5%
hi ghest waves (H5) conversion factor (1.73) applied to 12 m results in a
20.8 m wave. The probability of this large wave is, however, |ess than

.00000025% (see above) in any month.

WAVE BREAKI NG STATI STI CS

The five shoreline orientations (Wse et al., 1981) included in this
section (Fig. 1) are contained in Region C (2-5) and Regi on B(1}. Frequency
tabl es of breaking wave height (H), breaking water depth (D) and wave run-up
(R) were derived from equations in the WAVE BREAKING CRITERIA and WAVE RUN- UP
sections above and additonal considerations of the joint probabilities of Hs,
Tp and wave direction. Table 32 shows the beach slope, appropriate region

statistics (AL B or C), and mgjor wave directions contributing to the
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TABLE 32

Coastline 1 2 3 4 5

Beach Sl ope 1/65 1/ 65 1/ 100 1/100 1/ 130

Regi onal \Wave

Statistics Used

in Deep Water Basin B c c C | ocal c
waves

Wave Direction N, SW w, Sw NW E

Contributing

to H Dand R W, NW S,SE

Tabl e 32, The beach slope, appropriate region statistics (A, B, or C) and najor
wave directions contributing to the calculation of H D and R
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calculation of H D and R The beach slopes were taken from standard
nautical charts (NOS 16003, 1975 and DMA 16002, 1977) and conputed by taking
the mnimum distance of the 10 fathom curve to the coast. This results in
maximum sl opes whi ch give worst possible run-up conditions. The typical
demarcation lines between the nearshore (breaker zone) and offshore regions
are characterized by the water depth contours of 5m 5 m 3 m 3 mand 5 m
for coastlines 1, 2, 3, 4, and 5 respectively. These contours are generally
parallel to and inside the 10 m contour lines shown in Fig. 1. For sone
unusual 'y large waves, however, a naxinum breaking wave height of 10 m and
breaki ng water depth of 16 m was cal cul at ed. The relatively shall ower
breaking water depths for coastline 3 and 4 (Fig. 1) are due to their short
fetches and smaller locally generated waves.

The nonthly and conbined average (all possible months) frequency tables
of H D and R for nmaxinum and mean fetches involving coastlines 1-5 are
p‘reser.lted in Tables 33-42. The wave run-up in all tables is less than 1 m
due to the relatively gentle beach slopes found. This 1 mrun-up neans that
structures in these shore areas wll be relatively safe. However, a
pol lutant such as oil may be washed far inland if the terrain slope is also

gentl e.

Coastline 1

This is the farthest north and | ongest coastline in the study (Fig. 1)
and it is open to wave inpingement from June through Novenber (Fig. 3a-8a)
under minimumice edge conditions (Table 33). Table 32 shows that the main
wave directions contributing to H D and R are fromthe N, SW Wand NW
Table 33f shows that Novenber would be the nost destructive nonth with 28% of
its wave breaking heights equal to 3 mor greater and 23% of its breaking

wave depths, 4 mor greater. Novenber also shows a renote possibility
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Ml z 3 4 5 6 .17 8.9 0 1l 12 13 1%.15.16.0/0

Hi 85 10 5 o+ o+ 100
Df s3 5 1 0 2 + + + + 100
R|100 100

Table 33a. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in June under naximum fetch
conditions.

M 2 3 95 .6..7 8.91011 12, 13 I4 15 16, 6 %

H 7 6 1 6 7 1 + o+ o+ o+ 100
D 74 14 9 2 1 + + + + 100
R 100 100

Table 33b. Frequency table of breaking wave height (H), breaking water depth (D),
andd_w_ave run-up (R) for coastline 1 in July under maxinum fetch
condi tions,

Myl 2 3 45 . 6.7 8.91011 (2. 13 I4 15 16 . %

H 78 17 k| 2 1 + + + + + 100
D 75 18 3 2 1 1 + + + + + + 100
R 100 100

Table 33c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in August under naxinum fetch

condi ti ons.
M1 2 3 4 5 6.7 8,.9 10 12 13 I4. 15 .16 . %
Hl s 15 5 3 2.+ 4 100
Dl 2 1 4 3 2 2 1 4+ 100
R| 10 100

Table 33d. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in Septenber under maxinum fetch
conditions.
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MI123 4 5_6 .7 38 9 1 0 1 1 12 13 1415 16 ‘o
H' 88 10 2 + o+ + 100
D 8 8 8 3 1 + + + + + 100
R| 100 100
Table 33e. Frequency table of breaking wave height (H), breaking water depth (D),
andd.w_ave run-up (R) for coastline 1 in Cctober under maxinmum fetch
condi ti ons.

M1 . 23 4 5 6 .78 9 Jo 112 13 14 .15,16.0/0
Hl ss v 12 10 3 2 1 o+ o+ o+ 100
D 54 1013 8 8 3 2 1 1 + + ++ 100
R 100 +
Table 33f, Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in Novenber under maxi mum fetch
condi tions.
(M) 2 3 w§s 6 7 8 9 (01112 3. 14 15 16. %
H' 76 14, 6 3 1 + ++ + + 100
D 7412 7 3 2 1 1+ + + + o+ + 100
R| 100 100
Table. 33g. Average of Tables 33(a-f) under Oaxinum fetch conditions for Coastline 1.
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M1 2 3 % 5.6.7 8 9 0 I I2 1314 I5_16_ %
" 78 15 6
t-l 1+ + + 100
74 15 Q 2 + + + + + 100
100 + 100
Table 34a . Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in July under mean fetch conditions.
M 2 3 4 5 6.7 8.9 10 12 13 14 15 16 . %
Hlf 72 1 2 1 1 &+ + 100
Dl s s & & 2 & & ++ 4 100
R 100 100
Table 34b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in August under nean fetch
condi tions.
M1 2 3 4 5. 6 7 8 . 91011 12 13 14 15 16. %
H 85 10 4 1 + 100
D 8 8 5 2 1 + + 100
R 100 100
Table 34c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 1 in Septenber under nean fetch
condi tions.
4 I5.16 .0/0
M1 2 34 5 6.7 8.9 0 1l 12.13 L1216
H 89 9 1 1 + + 100
D 88 8 4 + o+ + + 100
R 100 100
Table 34d. Frequency table of breaking wave height (H), breaking water depth (D),
e andq wavg run-up (R} for gcoastl ine 1 in Cctober under mean fetch
condi tions.
M1 23 4 5 67 8 .9 10 I |12 13 ILt .15.16.%
H 83 13 3 1 + + + + 100
D 80 12 6 1 1 + + + + + 100
R 100 100
Table 34e. Average of Tables 34(a-d) under nean fetch conditions for coastline 1.
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(M) 1 Z 34 5 6.7 8 91011 12 13 I4 .15.16.0/0
H 86 9 4 1 + + + + 100
D 84 8 4 2 2 + + + + + 100
F‘ 100 100
Table 35a. Frequency table of breaking wave height (H, breaking water depth (D),
and wave run-up (R) for coastline 2 in June under maxi mum fetch
condi tions.
fP! . 2 3 95.6.78.91011 2 13 14 15 l6 %
Hf 67 112 11 7 3 1 + + + =+ 100
D 65 10 10 5 6 3 1 + o+ + + + + 0 + + 100
H 100 100
Tabl e 35b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 2 in July under naxi num fetch
condi tions
M1 2 3 9 5 .6 .7 .8 .9 10 1l (2 13 14.15.16.0/0
H 65 15 10 5 4 1 + + + 100
E) 63 14 9 6 5 2 1 + + + 100
F‘ 100 100
Table 35c. Frequency table of breaking wave height (H), breaking water depth (D)
and wave run-up (R) for coastlime 2 in August under maximum fetch
condi tions
M1 2 95 6 .7 8.91011 2 13 14 15 16, %
H| 78 691 ++ + 100
D| + 6 583 1 ++ + + 100
F‘ 100 100
Table 35d. Frequency table of breaking wave height (H), breaxing water depth T(Q)dh

and wave run-up (R) for coastline 2 in Septenber under maximum
condi tions.
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Yo

(M1 2 3 95 .6.7 8.91011 2. 13 I4 1516

H 83 12 3 2 + + + + 100
\
Dlsa 100 4 3 1 1 o+ o+ o+ 4+ 100
4.
R 100 100
Table 35e. Frequency table of breaking wave height (H), breaking water depth (B),
and wave run-up (R) for coastline 2 in Cctober under maxi mum fetch
condi tions.
M1 234 567 8 .9 10 I 12 13 14.15 16 %
Hl 73 0 4 4 2 2 1 + o+ + 100
D| 7013 6 32 2 1 1 1 1 + ++ 100
R 100 100
Table 35f. Frequency table of breaking wave height (H, breaking water depth (D),
and wave run-up (R) for coastline 2 inNovenber under maximum fetch
condi tions.
(M) | 2 3 95 .6 .78 .91011 121314 1% 16 _%%
H 67 14 10 6 2 1 + + + + 100
D 68 12 8 5 4 2 1 + + + 100
100 100

Table 35g. Average of Tables 35(a-f} under maxinum fetch conditions for coastline 2.
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M1 2 3.4 5 6.7 8.9 10 Il 12 13 14.15 .16. %
Hl 6 7 1 1 1 1 7 3 1 + + + + 100
D 6 5 1 0 1 0 5 6 3 1 + + 4+ + + + 0 + + 100
R 100 100
Table 36a. Frequency table of breaking wave height (1[), breaking water depth (D),
and wave run-up (R) for coastline 2 in July under nean fetch conditions.
M1 e 3 45 6.7 8,91011 |2 |3 |4 .1516.0/0
L] ) ] ¥ L L
Hl 6s 15 10 5 4 1 + o+ 4+ 100
D 63 14 9 6 5 2 1 + + + 100
R 100 100
Tabl e 36b. Frequency table of breaking wave height (11), breaking water depth (D),
and wave run-up (R) for coastline 2 in August under mean fetch
condi tions.
Mtz 3 4% 5.6.7 8 9 10 11 42 13 1415 16 %
Table 36¢c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 2 in Septenber under mean fetch
condi tions.
M1 2 3 4 5 6..7 8.9 10 1l 12 13 19.15.16.0/0
L]
H 83 12 3 2 + + + + 100
r
Dl &1 10 4 3 1 1 ++ + o+ 100
R 100 100
Table 36d. Frequency table of breaking wave height (}1), breaking water depth (b),
and wave run-up (R) for coastline 2 in Cctober under mean fetch
condi tions.
M2 3 45 6 .7 8.9 10 Il (2 1314 IS5 16 %
Hl 7z n 8 6 2 1 4+ + 4+ 4+ 4+ 4+ 4+ 0 + 4+ 100
D 70 10 7 6 4 2 | + + + 100
R 100 100
Table 36e. Average of Tables 36(a-d) under mean fetch conditions for coastline 2.
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M1 23 4 5 67 8 .9 10 I _J2 13 19 .15.16.%

Hl 96 3 1 + o+ + 100

Dl 9 5 31 1 + + « 100

Rl 100 100
Table 37a. Frequency table of breaking wave height (H), breaking water depth 0y,

and wave run-up (R for coastline 3 in June under maxi mum fetch

condi tions.

M. z 3. 4.5 ,6.7 8 9 011 1213 14 15 .16_%
H 96 3 1 + o+ 100
D 9 5 4 1 + + + 100
R| 100 100
Table 37b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave frun-up (R) for coastline 3 in July under maxi mum fetch
condi tions.
Mi2 3 *4 5.6.7 8 9 104 J2 1314 I5 16 %
H 90 5. 4 1 + + + + + 100
D 88 4 332 + ++ + + ++ 100
R 100 100
Table 37c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 3 in August under maxinmm fetch
condi tions.
™M1 2 3 4 5 .6 .78 .910 Il 12 13.14.15 16 . %
H 9 5 4 1 + + + 100
D 93 5 101+ + + + o+ o+ 100
R 100 100
Table 37d. Frequency table of breaking wave height (H), breaking ‘water depth (D),

and wave run-up (R) for coastline 3 in Septenber under Daximum fetch
conditions.
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M1 2 3 95 6.7 8.9 0 11 .12 .13 14 15 16 . %

Hl s 14 10 8 3 + + 100
D 6 2 1 2 1 1 6 4 3 2 e 100

Tabl e 37e. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 3 in Cctober under maxinmum fetch

condi tions.
My 23 %5 . 6..7 8.9.10 11 12,13 14 15.16, %
H' 90 43 2 1 o+ o+ o+ 100
89 4 3 2 1 1 + 0+ o+ 4 0 + 100
R 100 100

Table 37f. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 3 in November under maxinmum fetch

condi tions.

M1 2 3 4 5 6-.7 8 9 10 I 17 3.4, 15 16 . %

H 87 6 4 2 1 + + + + 100
D 87 5 4 2 1 1 + + + + + + 100
R 100 100

Table 37g. Average of Tables 37 (a-f) under maxinmum fetch conditions for coastline 3.
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Myl 23 4 5 6.7 8 .9 10 12 i3 14 .15.16.%
HL 9 31 o+ o+ 100
D 95 4 1 + + + 100
R 100 100
Table 38a. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 3 in July under mean fetch conditions.
(M) 2 3 4 5 ) 7 8 9 1011 12.13 14 .15.16.0/0
Hl 90 5 41+ ¥ + + 100
D 8 8 4 3 3 z + + + + + + + 100
R| 100 100
Table 38b. Frequency table of breaking wave height (H, breaking water depth (D),
and wave run-up (R) for coastline 3 in August under nean fetch
condi tions.
M1 2 34 5 6.7 8 9 10 L2 134 15 . 16. %
H 95 4 1 + + + 100
D 93 5 1 1 + + + + 4 + ++ 100
R| 100 100
Table 38c. Frequency table of breaking” wave height (H, breaking vater depth (),
and wave run-up (R) for coastline 3 in Septenber under nean fetch
condi tions.
M I Z 3 4 56 . 8.9 10 12 13 19.15.16.0/0
H 70 15 8 5 2 + + o+ 100
DJ 6 8 1 4 7 6 3 2 + + o+ o+ 100
R 100 100
Tabl e 38d. Frequency table of breaking wave height (H), breaking water depth
(D), and wave run-up (R) for coastline 3 in Cctober under nean
fetch conditions.
M1 2 3“4 5 6.7 8 .910 1112 3 . 14.15 16 . ‘Io
H 86 7 4 2 1 + + + + 100
D 85 7 331 1 ++ + + ¥ + 100
R 100 100
Table 38e. Average of Table 38(a-d) under nean fetch conditions for coastline 3.
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M 123 4 5 6.7 8 9 101l J2 13 14.15.16.0/0
Hl 9 8 2 + 100
D 9 4 5 1 100
R 100 100

Table 39a. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 4 in June under maxinmm fetch

conditions.

M1 z 3 4 5.6.7 8.9 10 Il 12 3 14 15 16 90

Hl o 6 4 + + =+ 100

82 17 1+ + 100

R 100 100

Table 39b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 4 in July under maximum fetch

condi tions.

(M[)l Z 3 45 6.7 8.9 10 1] 2 13 1415 .16.0/0

H 9 5 3 2 + + 100
D 9 3 5 2 + + 100
100 100

Table 39c. Frequency table of breaking wave height EH), breaking water depth (D),
and wave run-up (R) for coastline in August under neximum felch

condi ti ons.
M1 2 3 “ 5 6 .7 8 .9 10 N 12.13. 4. 151 b °lo
H| ss 12 3 o+ o+ + 100
Dls 2 1 0 5 3 + + + 100
R 100 100

Table 39d. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline®‘n Septenber under mexinum fetch
condi tions.
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M1 23 4 o) 6.7 8.9 10 L 12 .13 14 15 16 . %
H ['4 0 8 2 + + + 100
D 8 5 1 0 3 2 + o+ o+ 100
R| 100 100
Table 39e. Frequency table of breaking wave height, breaking water depth (D),
and wave run-up (R forgco“t_line gll I $1H)Oct ober %nder maxiprmm $et)ch
condi ti ons.
M1 . 3 w5 6.7 8.9 0 Il 2 13 1%.15.16.0/0
Hf &2 15 1 1 + =+ 100
i 92 1 4 2 1 PR + 4+ + 100
100 100
Table 39f. Frequency table of breaking wave height (N), breaking water depth (D),
and wave run-up (R) for coastline 4 in November under nexinum fetch
condi tions.
(M I 23 4% 5 67 8 .9 10 1 12 13 14.15 16 %
Hl 93 s 2+ o+ + 4 100
D| ss s 3 3 o+ + b 4 + . 100
R 100 100
Table 399. Average of Tables 39(a-f) under maxinmum fetch conditions in coastline 4.
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M123 4 5 6.7 8.9 10 It, 12 13 14 15 16 . %
Hl 9 4 + + + 100
D 82 17 1 + + 100
R 100 100
Table 40a. Frequency table of breaking wave height (11), breaking water depth (D),
and wave run-up (R) for coastline 4 in July ynder nean ‘etch conditions.
oDl .23 4.5 & 7 8.9 10 11 12 13 14 .1516.0/0
H| 95 3 2+ o+ 100
D 93 5 2 + + 100
R 100 100
Table 40b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up ( R) for coastline 41 n August under mean fetch
condi tions.
M1 23 4 5 6..7 B.910 1 12 13.4.15 .16 %
H 87 12 1 + + 100
D 85 10 3 2 + + 100
[
R| 100 100
Tabl e 40c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 4 in Septenber under nean fetch
condi tions.
p. 7z 3 4 5 6.7 89 101 12 13 14 IS5 16 . %
H 95 3 2 + + + 100
90 8 1 1 + + + 100
R| Lo 100
Table 40d. Frequency table of breaking wave height (11), breaking water depth o,
and wave run-up (R) for coastline 4 in Cctober under nean fetch
condi tions.
Mz 3 45 6.7 8.9 10 1) 1213 4. 15.16. /o
H 93 6 1 + + o+ 100
D 87 10 2 1 + + + 100
R| 100 100
Table 40e. Averageof Tables 40(a-d) under nean fetch conditions for coastline 4.
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(M.l 2 3 “45 6 7 8.910 1 12 13 14 15 16 .%-,

H 80 15 4 1+ + 100
D 0 20 7 2 1 + + + 100
R[ 100 100

Table 4la. Frequency table of breaking wave height (H), breaking water depth (@),
and wave run-up (R) for coastline 5 in June under maxi mum fetch
conditions.

(M) | 23 Y4 5 6.7 8.9 10 1] |2' i3 14 .15.16.0/0
Hl 9 08 2 + + + 100

D 86 11 2 1 + + + 100

R| 100 100

Table 41b. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 5 in July under naxi mum fetch

condi tions.
M1 2 34 5 6.7 8 .9 10 1 J12 1314 15 16 %%
Hi 70 15 6 7 2 + + o+ + + 100
D 65 12 8 7 6 ‘ ++ + + ++ + 100
R 100 100

Tabl e 41c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up {R) for coastline 5 in August under maximm fetch
condi tions.

M1 2 34 5> 6/7 8.910 1) 12 1314 15 .16.%

HYf 85 18 12 3 2 + + + 4 100

D| 63 16 11 5 3 2 + o+ + + + 100

Rl 100

=
o
1=}

Table 41d. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 5 in Septenber under maximum fetch
condi tions.
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M1 2 34 5 67 89 10 112 13 14 .15.16.0/0

H 75 15 5 3 2 + + + + 100
D 73 14 4 5 2 2 + + + + + 100
R 100 100

Table 4le. Frequency table of breaking wave height (N), breaking water depth (D),
and wave run-up (R) for coastline 5 in Cctober under maxi num fetch

condi tions.
M1 23 9 5 .6 . .7 g8 .9 10 Il 12 13 14 .15.16.0/0
Hl s7 12 11 8 7 3 11 + 1007
D561010576321+++0+ 100
R| 100 100
Table 41f. Frequency table of breaking wave height (N), breaking water depth f(D) -

anddv_\f[a_lve run-up (R) for coeastline 5 in Novermber under MaxXimum etch

conaitions.

M1, 2 3 95 .6..7 8.9 0 Il 2 13 19.15.16.0/0

H| 7 1 7 4 2 1+ + + 4 100
D 69 14 7 4 3 2 1 + + + + +° : 100
R| 100 100 ,

Table 41g. Average of Tablea 41(a~f) under maxi mum fetch conditions for coastline 5.
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M1 2 3 4 5 .6 .7 8 .91011 {2 13 14 .15.16.0/0
H 80 15 5 + o+ o+ 100
D 70 20 7 2 1 + + 100
Rl 100 100
Table 42a. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 5 in June under mean fetch conditions.
M! 234 5 6.7 8 9 10 1 12 13 4 15 16 %
Hi o1 8 1+ + 4 100
Dl 8 12 2 + o+ + + 100
R 100 100
Table 42b. Frequency tsble of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 5 in July under nean fetch conditions.
(M) | 2 3% 5 6 .78 910 1 12 4 .15.16.0/0
H| 70 15,76 2+ ++ o+ 4+ 100
Dles 12 8 7 6 2 4+ + + + + + + 100
R 1100 100
Table 42c. Frequency table of breaking wave height (H), breaking water depth (D),
and wave run-up (R) for coastline 5 in August under nean fetch
condi tions.
(M1l 23 4 5 6.7 89 10 112 13 14.15 16 %
H 65 18 12 3 2 + + + + 100
D 63 16 11 5 3 2 + + + + + 100
R 100 100
Tabl e 42d. Frequency table of breaking wave height (H), breaking water depth (D),

and wave run-up (R) for coastline 5 in Septenber under nean fetch

condi tions.
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M1 2 345 . 6.7 38 9 10 I} 12 13#1%. 15.16.%

H 79 16 4 1 + + + 100
D 76 15 5 2 2 + + + + 100
R 100 100

Table 42e. Frequency table of breaking wave height (H, breaking water depth ,
and wave run-up (R) for coastline 5 in Cctober under nean fetch

conditions.
M1l z3 Y4 5 6.7 8 9 10 y 12 13 4 15.16.70
H 7 7 1 4 6 2 1 + + + + + 100
D 72 15 7 3 2 1 + + + + + + + 100
R 100 100

Tabl e 42f. Average of Tables 42(a-e) under mean fetch conditions for coastline 5.
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for a 10 m breaking wave in 13 mof water depth (< .5%. The joint
probability of this occurrence is (5 x 10°) .(1 x 107 or .005% since the
mni mum i ce edge position has a 1% probability of existence. The run-up
shoul d never exceed 1 m during the study nonths (Table 33g).

Coastline 1 will nornally (Table 34, nmean sea ice conditions) be open to
destructive waves fromonly July through Cctober (Figs. 4b-7b). The main
wave directions are fromN, SW W NW(Table 32). July is the nonth (Table
34a) where nost danmge can be done with 7% of the breaking wave heights at
3 mor above and 2% of its breaking wave depths at 4 mor greater. An 8 m
breaking wave in 10 mwater depth has a .5% probability during nean ice edge

conditions. Again, the run-up should never exceed 1 mfor all the study

months (Tabl e 34e).

Coastline 2

Tabl e 32 shows that the main wave directions contributing to H D and R
are fromthe W SW S and SE for this coastline (Fig. 1). Tabl e 35 was
constructed for maximum fetch conditions (mninmmsea ice extent) which have
open water from June through Novenber (Figs. 3a-8a). July waves have the
nmost potential destruction along coastline 2. Table 35b shows that 23% of
the wave breaking heights are 3 mor greater and 15% break in 4 m depths or
greater. It is also possible (July) for a 10 mhigh wave to break in 16 m
wat er  depths. The probability of this wave occurring is .5% since the
coastline orientation precludes wave inpingement fromfetch dependent
directions to the north and July will always have open water to the south and
southwest of this coastline (Fig. 4).

Coastline 2 wll normally (Table 36, nean sea ice edge) be open to
destructive waves from July through October (Figs. 4b-7b). The main wave

directions are fromthe W SW S and SE (Table 32). Tables 36a and 35b are
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identical for July since the major wave propagation directions are unaffected
by.sea ice in this nonth. Again, July is the month with greatest potentia
for destruction (see above paragraph). The conbined average (Table 36e)
statistics for the open water nmonths affecting this coastline reflect the
i nfluence of July on the naxinum wave breaking height (10 nm) and breaking

water depth (16 m).

Coastline 3
The wave direction (Table 32) contributing to H D and Ris fromthe N
for this coastline (Fig. I). Table 37 was constructed for maxi mum fetch
conditions {mimimum Sea ice extent) which have open water from June through
Novenber (Figs. 3a-8a). Table 38 (nean sea ice extent) was constructed for
mean fetch conditions which have open water from July through COctober (Figs
4b-7b) . Cctober is the most potentially destructive nonth for either maxinum
(Tabl e 37e) or nean (Table 38d) fetch conditions. These maxi mum and mean
tabl es show 21% and 15% breaki ng wave heights at 3 mor greater with 26% and
18% breaking in 3m depth or greater (respectively). The | argest wave
breaking height (9 m and breaking depth (12 m) is seen in August for both
fetch conditions also (Tables 37c and 38b). Their occurence probability is
.5% since the maxi num fetch and nean fetch conditions do not affect the
statistics in these nonths with large expanses of open water. The run-up in

all nmonths studied should be less than 1 m (Tables 37g and 38e).

Coastline 4
This coastline is the nost protected (Fig. 1) of the five examined in

this study. The mpjor destructive wave direction is from the east thereby

maki ng | and boundaries the primary reasons for limted fetch as long as sea
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ice isnot present. Table 39 (mnimmsea ice extent) statistics are for
maxi mum fetch conditions which have open water from June through Novenber
(Figs. 3a-8a). Table 40 (nmean sea ice extent) statistics are for nean fetch
condi tions which have open water from July through COctober (Figs. &4b-7b).
Septenber waves are nost severe under both maxi num and nean fetch conditions

For maxi mum fetch, 15% of breaki ng wave heights and 18% of breaki ng wave
depths equal 2 mor nore (Table 39d4). For mean fetch, 13% of breaking wave
heights and 15% of breaking wave depths equal 2 m or more(Table 40cC).

November statistics (maxinmum fetch only, Table 39f) show a renote possibility
(.005% for a wave breaking height of 7 mand a breaking depth of 10 m

Again the run-up does not exceed 1 min any of the study Oonths (summarized

in Tables 399 and 40e).

Coastline 5

This is the farthest south coastline (Fig. 1) in the study and it is
open to wave inpingenent from June through Novenber (Figs. 3a-8a) under
mninum ice edge conditions. Table 32 shows that the main wave directions
contributing to #, D and R are fromthe N, N\Wand W  Destructive wave
i mpi ngement can exist in the nonths of June through Cctober for mean ice edge
conditions (Figs. 3b-7b). The statistics for July through Cctober are al nost
i dentical (Tables 41b-e and 42b-e) for maxi mum or nean fetch conditions since
coastline 5 is so far fromthe ice edge during these nonths.  Septenber is
potentially the nost destructive of these typical open water nonths (Table
41d or 42d). It has 17%of its wave breaking heights and 21% of its wave
breaki ng depths greater than or equal to 3 m For the typical open water
nonths, the highest breaking wave (10 nm) and greatest breaking wave depth

13m)al so occurs in August with a probability of .5% Novenber statistics
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(maxi num fetch only, Table 41f) show a renpte chance (.005% of a wave
breaki ng height of 9 mand a breaking depth of 14 m  The run-up does not

exceed 1 min any study nonth (summarized in Table 41g and 42f).
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SUMMARY

A wave hindcast technique was used to determine the nonths and |ocations
of highest risk to oil and gas developrment in the Chukchi Sea area.
Parameters required were fetch, wind duration, wind velocity, water depth and
beach slope. Fromthese, significant deep water wave hei ghts and periods
were tabulated for Chukchi regions A, B and C (Fig. I.). The tabulations
were used later to produce statistics of breaking wave heights and depths for
five coastline orientations (Fig. 1). as defined by Wse et al. (1981).

Fetch conditions were controlled by both sea ice cover (Kozo, 1985) and
coastlines thereby becomng highly directionally dependent. Wnd duration
and velocity data were taken (Brewer et al., 1977) from designated |and
stations bordering the Chukchi study regions and/or designated marine areas.
Water depths and beach sl ope were obtained from standard nautical charts and
wor st cases (steepest) used for slopes.

Deep water significant wave heights in Region C (Fig. 1) can reach 10 m
coming fromthe south in July and from the northeast and southwest in
Septenmber.  The large waves conming from the northeast direction are due to
the increased September fetch (Fig. 6b). The nost potentially destructive
wave directions are fromthe south in My (mninmm sea ice extent) through
July and fromthe north to northeast in August through Novenber. Region B
can have 9 m (Hs) waves in August, fromboth the southwest and northwest.
The waves from the northwest are due to a larger fetch distance in the latter
direction by August (Fig. 5b). Mst potentially destructive wave directions
are fromthe south and southwest for July through Cctober. Region A the

farthest north of the three regions, can have 9 m waves (Hs) fromthe
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sout hwest in August during average sea ice conditions. The nost destructive
wave directions are fromthe south and sout hwest for August through Cctober,
the main nonths of possible open water. The height of the 5% highest waves
Is 1.73 x (significant wave height), therefore extreme waves of 15.5-17 m are
possible in the three study regions.

Wave Dbreaking statistics were conpiled .for five coastlines (Fig. .1).
Coastline 5, the farthest south (greatest fetch) is the one facing the nost
probabl e danmage from waves. The main wave inpingenent directions are from
the N, NWand W  Septenber appears as the nost severe of the typical open
water months with a 17% probability of breaking wave heights at 3 mor above
and a maximum hei ght of 9 m possible. Wave run-up will be 1 mor less on all
five coasts in all nonths, which inplies |imted damage on structures, but

possible inland inundation for gentle sloping topography.

FURTHER STUDY

A summer wave paraneter study through deployment of floating buoys in
deep water offshore fromthe five coastlines should be started. Geostrophic
wi nd histograns from historical data should be developed for the three
regions on a monthly basis. Since many of the arctic coastal wind sites are
af fected by orography, the geostrophic directions and a nodified wnd speed

(Kozo, 1984) would be a better input to the wave hindcast nodel.
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