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ABSTRACT 

This report is a source document for specifying wind 
and wave conditions for the North Pacific Ocean. The 
data are derived from the U.S. Navy's Spectral Ocean 

, Wave Model (SOWM) hindcast wind and wave climatology. 
Some initial efforts by the Navy to synthesize the hind- 
casts into design tools are presented in this report. 

The report provides seasonal and geographic distribu- 
tions of wind and wave parameters and specifies mathematical 
models by which wave spectra, required by any ship seakeeping 
performance methodology, can be developed.  Long-term extreme 
wave predictions for fatigue analysis are also discussed. 

ADMINISTRATIVE INFORMATION 

This report was prepared under the sponsorship of the Naval Sea Systems 

Command (NAVSEA), Code 63R-3^ Surface Wave Spectra for Ship Design (SWSSD) Program 

under Program Element 62T59N and Project Number SF 59 557 695-  It is identified by 

Work Unit Numbers 1500-38H and 1500-385 at the David W. Taylor Naval Ship Research 

and Development Center (DTNSRDC).   , ii 

INTRODUCTION . 

Until recently, the wind and wave environment has played a very minor role in 

the design and evaluation of ships and offshore platforms.  The consideration of 

ship performance in the prevailing environment has focused primarily on optimiza- 

tion of calm water resistance and other factors related to the ship propulsion 

system.  The effort to develop reliable open ocean wind and wave statistics was 

greatly advanced with the introduction of the Spectral Ocean Wave Model in 1975. 

Briefly, archived wind data are used by Fleet Numerical Oceanography Center (FNOC) 

to hindcast the resulting wave fields for approximately 1500 locations (grid 

points) throughout the Northern Hemisphere.  The wind fields are updated at six 

hour intervals over a period of 17 years.  Thus, the resulting wave directional 

spectra are really a hindcast time history of wave conditions throughout the 

Northern Hemisphere over a period of years.  Some initial efforts by the Navy to 

synthesize the hindcasts into design tools are reported in References 1* to 6 and 

summarized in Reference 7.  These reports generally develop techniques for 

parameterizing the spectra and developing joint frequencies of occurrence of 

*A complete listing of references is given on page 13. 



critical wave and wind parameters for a few particular locations.  Additionally, 

the occurrence of extremes, the persistence of sea severity, and the characteristic 

spread and shape of spectral directionality are examined. 

At present, design decisions may be biased by existing techniques which are 

essentially representative of only North Atlantic conditions.  This report is 

intended to accelerate ongoing efforts to make the Navy North Pacific hindcast data 

available in a usable form to the entire naval engineering community. 

OPEN OCEAN NORTH PACIFIC 

The open ocean areas identified on Figure 1 span the North Pacific from the 

latitude of the Northeast Trade Winds (up to about 30° N) through those of the 

prevailing Westerlies (30-50° N) and into the Polar Easterlies (above 50° N). 

Additionally, the influence of land mass, currents, continental shelf, and local 

storm tracks each cause a different climatology variation with longitude.  Table 1 

identifies the location of the points currently included on Figure 1.  The para- 

meter sets that are developed are 

a. Significant wave height versus modal wave period 

b. Significant wave height versus wind speed at 19.5 meters 

c. Significant wave height versus primary wave direction 

d. Wind speed versus wind direction 

e. Significant wave height versus wind speed at 10 meters 

f. Significant wave height versus zero crossing period 

g. Significant wave height versus average mean period 

h. Modal wave period versus zero crossing period    "'  ■' 

i. Modal wave period versus average mean period 

e. Persistence of wave height , •'   .^ ; . 

f. Persistence of wind speed at 19.5 meters ■   ■   : 

The data distributions are developed for the IT-year period from 1959 to 1975- 

Appendix A provides the data base of open ocean wind and wave conditions 

derived from the IT-year hindcast wind and wave climatology.  Wind and wave data 

tables are provided for areas identified in the North Pacific open ocean region. 

Both annual and seasonal distributions are provided.  The seasons are defined by: 

1. Winter - December to February   '        ■■     '  , 

2. Spring - March to May 



3.  Summer - June to August 

k.    Fall  - September to November 

A few words are in order with regard to the quality of hindcast data.  Since 

the SOWM hindcasts are based on the localized barometric pressures and resulting 

wind velocity fields, the wave observational biases of other wave models are 

excluded, see Reference 8.  The SOWM is best used by statistically averaging wave 

conditions over a period of years for a specific location and season.  The hind- 

casts generally provide greater occurrences of higher sea states and show less 

occurrences of lower sea states than visual observations.  With regard to wave 

periods, the hindcasts generally indicate longer wave periods for given heights 

than for visual observations.  This is not surprising as it is difficult to observe 

wave periods at sea and the codes used to record observed occurrences onboard ship 

are confusing to some observers. Very often the naval architect uses the most 

probable modal or peak wave period for several varying wave heights.  In this work, 

the modal periods, being longer, will cause larger responses to be calculated for 

the longer ships.  It is noted that the modal periods developed in this work are 

reflective of the peak of the entire (density) spectrum.  Very often this coincides 

with the peak of the primary direction. jl 

Figures 2 and 3 provide detailed comparisons of annual and winter season 

occurrences respectively for the locations defined in Table 1.  These data are 

based on the occurrences provided in Appendix A.  Generally, more severe conditions 

prevail between 50 and 60° N with the north-western region indicating slightly 

worse conditions.  However, during the winter season the emphasis shifts slightly 

to the north-eastern longitudes.  For the annual comparison of significant wave 

height occurrences for the grid points under consideration, the most consistently 

severe wave conditions occur in the north portion of the Pacific.  Annual 

occurrence comparisons of modal wave periods and wind speeds for these same grid 

points also conform to the above specifications.  Figure k  provides comparisons of 

the annual and winter significant wave height exceedances for the North Pacific and 

the North Atlantic oceans.  In general, annual data compares well for both oceans 

but winter data does not. x ...      ■ j __ 



WAVE SPECTRAL FAMILIES 

BRETSCHNEIDER 

In keeping with the recommendations of the International Ship Structures 

Congress (ISSC) and the International Toving Tank Conference (ITTC), as well as 

current U.S. Navy design practice, the two-parameter Bretschneider spectral 

formulation is recommended for use for the open ocean areas.  Bretschneider spectra 

represent the less common fully developed as well as the usual partially developed 

seas that persist most of the time throughout the world oceans.  The spectral den- 

sity can be written in the form 

S(a)) = A a)"5 exp[- —] m^ • sec     (l) 
k ■      ■■■       . 

H83.5 (SJi/^^    :■ 2     k ,   ^ where A =  UL_LZJ_ -      m^ . sec^   (2) 

and   B = ^9kk.5 3ee-^  .     (3)   '  . 

where the two defining parameters of the spectrum are the significant wave height 

(average of one-third highest double amplitudes), (Cv)i/35 in meters and the modal 

wave period (peak of the wave spectrum), T  in seconds.  The parameters can be 

taken from the data base provided in Appendix A, see Appendix B for data format 

description.  As indicated in Appendix A, the frequency distribution, being fixed 

in SOWM, permits only certain modal period values in the parameterization of the 

spectra. 

MODIFIED JONSWAP " ^'-" 

When the ocean areas are relatively shallow, and at least partially surrounded 

by land, the Bretschneider spectral formulation is not recommended for use. 

Instead, the mean Modified JONSWAP spectrum is recommended.  This formulation was 

developed by Hasselmann in order to model fetch-limited, shallow water wave con- 

ditions, see Reference 9» 

The resulting function is a generalization of the Pierson-Moskowitz form by 

inclusion of fetch as an additional parameter to wind speed.  As it is usually 



written, the mean JONSWAP spectrum is dependent on the two parameters wind speed 

and fetch.  However, for simplicity as well as consistency with the current 

state-of-the-art in seakeeping performance assessment, a JONSWAP expression 

which is dependent only on the two parameters, significant wave height and modal 

wave period, is desirable.  Such an expression is derived in References 10 and 

11 and written in the form i 

S(a)) = Bg2a,-5 exp[- 1.25 (—^)  ]Y 
2Tr 

where a = O.OJ for iiL < i. 
2Tr  T 

_  exp[-^(^-lf] 

m  • sec 

(5) 

a = 0.09 for J^ > L- 
2Tr  T^ 

B = 
_ 319.^3(5^)1/3- 

=> o 

(6; 

Y = 3.3 for the mean JONSWAP spectra 

If Y = 1 and B = O.OO8I, the JONSWAP spectrum will reduce exactly to the 

Pierson-Moskowitz spectrum. I - 

As with the usual JONSWAP formulation, the modified expression given in 

Equation {k)   is for long-crested seas.  While there is limited experimental 

verification, the cosine squared spreading function is recommended for use with 

the JONSWAP spectral formulation at this time. 

SPECTRAL MOMENTS :   ■" 

Due to the randomness of ocean waves, two records measured at different 

times having the same height and period generally would not have the same 

spectrum.  For the spectrum to remain the same, all moments must also remain the 

same.  The various moments of the spectrum are defined as 

5. 



nu = r S( (o) 0)" do) (t) 

The following are the most cominonly used expressions using various combinations 

of the moments in describing wave spectra, see Reference 12. •  ^ ' 

Significant Wave Height (Cv^i/B ~ ^^o 

2ir m 
Average Mean Period        Tn =  — ° 1    mi 

2Tr m_-, 
Energy Average Period      T_-, - —-—- 

o 

Average Zero Crossing Period TQ = 2-n[-2-] 
d. Vul/-) ^ 

V2 

COSINE-SQUARED SPREADING FUNCTION 

Since ocean waves are usually multi-directional, a cosine-squared spreading 

function is recommended to represent wave directionality.  The function can be 

written as 

S(a),v) =-| cos2 (v - M) S(a)) ■       ' '   (8) 

= W . S(aj) (9) 

where v represents the secondary wave directions, y is the predominant wave 

direction, and S( w) is the point wave spectrum, see Reference 13.  In applying 

Equation (8), it is assumed that energy is constant across direction bands 

equivalent to the increment across successive v's, and that it is constant for 

all wave frequencies.  The spreading function is generally applied to +90 degrees 

and at 15-degree increments from the predominant wave direction for the wind- 

wave spectrum.  Table 2 provides the weights, W, that can be applied to achieve 

spreading of the spectral components. .        _ 



. SPECTRAL PAEAMETERIZATION       ! 

With regard to the estimation of the long-term wave data for design purposes, 

two factors which may seriously affect the magnitude of predicted values have to 

be taken into consideration.  These include the sea severities and sample size. 

Calculations of extreme waves and ship response for long-term predictions and 

fatigue analysis are also discussed in this section.       ' 

LONG-TERM WAVE HEIGHT EXCEEDANCES ! 

Long-term prediction provides valuable wave data to evaluate the extreme ship 

motion response expected to occur in the lifetime of a marine vehicle.  It may also 

be used to evaluate the possible fatigue failure due to repeated loadings. 

In connection with extreme load analysis, the 100 year return period of 

significant wave height is generally used.  For fatigue analysis, a return period 

is normally 10 years.  In general, the 1-year return period is taken as the basis 

for accidental loads or damage analysis, see Reference ik.      1 

Figure 5 provides the combined annual significant wave height by return period 

for different ocean areas of the world.  The maximum wave height corresponding to a 

specific return period may be obtained from this wave exceedance graph.  This faci- 

litates selecting a reasonable maximum design value and also helps in making fati- 

gue calculations. 

EXTREME VALUE ■■ ■' 

The most probable extreme value of a random process can be calculated by 

applying order statistics and the Weibull probability distribution to the wave 

data, see Reference 15- Then, the largest value in the ordered sample, k^, with 
11 

a return period factor R can be expressed as 

K   =   Q  Un  RN)^/^ do; 

B is the Weibull slope known as the slope factor and 6 is the scale parameter or 

characteristic value.  B is dimensionless and 6 has the same units as k^^.  N is 

the sample size.  The return period factor R, defined as the average waiting 

time between exceedances of the extreme value, is used as a safety factor to 

minimize the probability that the extreme value will exceed the predicted 

extreme value.  For example, when R is equal to 100, the probability that the 



predicted extreme value will be exceeded is 0.01, see Reference 15.  If the samples 

are sufficiently large, derivation of the Weibull parameters based on the mean and 

the variance of the data set are simple to accomplish and can provide an objective 

estimate of the parameters.  The procedure for this method is as follows.  The mean 

value for the Weibull distribution can be defined as ,      . , 

. , ^     X = er (1 + i) ■■' (11) 

where r is the gamma function and X is the mean value.  The sample variance S^ is 

given as 

: ,.;..     s2 = e2 [r(| + 1) . r2g + i)j ' '    :_,   (,2) 

Dividing S^ by X^ yields ^i 

r[2 + 1)   ■"' .. , 

£=-1  - 1 (13) ^ 
x2  r^d + i) 

■ "^  " ■;< B  . -  .     ■ . ' -       ■ ■■ . ^^ , I, 

Table 3 lists S /X values as a function of B and can be used to obtain the value 

of B by interpolation. " ■ 

Table h  shows a comparison of actual and predicted extreme wave heights for 

various ocean areas over a 10 year period (R = l).  Also included in the table are 

the predicted extreme values for R = 10, 25, 50 and 100.  When the sample size is 

very large, i.e., North Pacific Ocean in Table 1+, the agreement between the pre- 

dicted and observed extreme values is within 2 percent.  On the other hand, for a 

smaller sample size, such as Station India, the difference between the predicted 

and actual extreme value for R = 1 is about 9 percent. 

STRATIFIED SAf^PLE •  '  ■ 

Unpublished work by Cummins at DTNSRDC defines a family of "stratified" - 

directional wave spectra for the period I959-69 that has been developed for the 

North Atlantic.  The primary stratification is with regard to significant wave 

height variations and the secondary is with regard to geographic location. 

8 /'■ 



Seasonal variations are also included in the resulting approximately 2000 spectra. 

The wave height strata are 0 to 1, 1 to 2, 2 to 3, 3 to 5, 5 to 8, and greater than 

8 meters. The Stratified Sample has no bias due to the fixed family shape of the 

commonly applied idealized spectra.  It provides an unbiased sample of directional 

spectra representative of all sea severities and North Atlantic Ocean areas.  An 

analogous data set is being constructed for the North Pacific. 

WIND AND WAVE MODEL 

As wind data are generally available for many open and coastal ocean areas, 

the following method is developed in Reference l6 for deriving the probability 

distributions of significant wave height or modal wave period from wind speed 

statistics.  The procedure depends on the application of a two-parameter Weibull 

distribution.  In brief, given a wind speed distribution from any data source, a 

corresponding significant wave height distribution or a modal wave period 

distribution can be developed.  The procedure of this model is summarized by the 

following steps. .; • . 

1.  Using the appropriate a, b, c, and d values from Table 5 for Equations (ll+) 

and (15), determine B and 6 values for various wind speed intervals. 

B = ag + bgW + CgW^ + dgW^ 

9 = a„ + b^W + CQW^ + d<,w3 

(lU) 

(15) 

where B is the Weibull slope known as the shape factor.  8 is called the scale 

parameter or characteristic value. B is dimensionless and 9 has the same units 

as X in Equation (I6). i 

2.  Substituting the appropriate sets of B and 6 values into the following 

equation I    .. 

,B-1 B. 
f(xlB,9) =l[^r exp[- {ir] 

9 9       e 

:i6) 

to derive the significant wave height frequency of occurrence distributions for 

different wind speeds.  For best results the values for X as listed in Table 6 

are recommended.  These correspond to the interval mid-points of the data pro- 

vided in Appendix A. 



3. Then, using the existing wind speed percentage distributions and substi- 

tuting into the equation as follows: 

f(Xj) = i; [fix. |B.,ei) . f(w.)] (IT) 

f(Xj|B^,0j^) is a conditional probability density function of significant wave 

height or modal wave period for given wind speed.  B^^ and 9j^ are functions of 

wind speed. Where f(Wj^) is the probability of wind speed derived from available 

wind speed occurrences, X. is the significant wave height in meters or the 

modal wave period in seconds. 

PRACTICAL APPLICATIONS '     4 

The recommended use of this wind and wave data is by utilizing a probabilistic 

approach to identifying the encountered environment of a maritime or naval mission. 

Many ocean activities can benefit through ascertaining and understanding the 

geographic and time (season, annual) specific environmental conditions which are 

to be expected.  Conversely, one can use the data to select a time and area with 

the best likelihood of encountering a specified environmental condition.  Ocean 

activities which may be enhanced or in which the safety of operation may be 

enhanced include:  ship design, ship performance assessment, sea trials, naval 

warfare missions, offensive and defensive mining, amphibious operations, and 

salvage/rescue activities.  Each activity would utilize the atlas in the same 

rudimentary fashion but with activity-specific algorithms to find the best fore- 

cast based on-, climatology. , 

1.   Naval ship designers can follow four steps when applying wind and wave clima- 

tologies, as contained in this atlas toward improving the fleet. 

a. Thoroughly define the mission of the ship and the limiting environmental 

factors, in which the mission must be performed, at specified levels of efficiency. 

b. Identify the area(s) of operation. ., : 

c. Extract the percent of occurrence of the limiting enviromental factors 

from the appropriate time and area specific table.  This can be done either 

seasonally or annually. 

d. To calculate ship response, derive the percent of time of successful, 

limited, and unsuccessful mission operation by using the percent frequencies of 

10 



occurrence of the environmental parameters. If the resultant percentages are not 

acceptable, the designer must fine tune the ship's hull configuration to meet the 

desired operating envelope. || 

II. Wind and wave data can be used to assess how the environment may have been 

a contributing factor in the failure or damage of a system, operation, or equip- 

ment.  Failure in this context refers to losses which result from fatigue over a 

significant portion of the ship's lifespan and not to a specific single environ- 

mental episode. j 

a. Identify the area(s) and season of operation prior to the "failure" of 

interest. i 

b. Identify the environmental conditions which, if exceeded (modal wave 

period, significant wave height, wind speed), would probably cause the damage or 

failure. , _ i 

c. Derive the percent of occurrence of conditions exceeding those conditions 

of step b above, for the operational areas and time. j 

III. Sea trial and naval warfare planning can be enhanced through the use of this 

atlas by following a procedure of identifying areas of the ocean most likely to 

provoke the desired seaway and resulting ship motions for a given time of year. 

a. The first step is to define the seaway (upper and lower wave height 

limits) best suited for specific tasks of the sea trial or mission. 

b. Identify the general geographic area of interest.    j 

c. From the climatology, identify the time (season) which has acceptable 

probabilities of occurrence (e.g., 50 percent, 75 percent, 80 percent, etc.) of 

encountering the desired wave heights.  Probabilities of occurrence can be 

extracted by area and time directly from Appendix A. | 

The basic underlying factor of each of the above uses is that one can obtain a 

good understanding of the general environmental conditions for a given time and 

location prior to the commencement of an activity or mission at sea.  Armed with 

this knowledge one can have onboard contingency plans which will likely reduce 

mission reaction time in the event of encountering severe weather conditions as 

well as maximize mission effectiveness in all non-threatening environmental 

conditions.       ■ - ■      1 
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TABLE 1 - LOCATIONS DEFINING NORTH PACIFIC OCEAN AREAS 

Subprojection Grid  Point Latitude,  N, Longitude,  W 

' 
255 26.0° ll+8.2°E 

1 239 26.5° 135.8°E 

29 U 36.3° 11+8.5°E 

233 20.6° 163.1°E 

102 2l+.8° 162.5° 

2 
165 

152 

25.2° 

3l+.2° 

179.8°E 

163.8°E 

85 3l+.5° 17l+.2° 

93 1+2.8° 159.0°E 

93 2l+.6° 135.6° 

88 3l+.9° 11+5.6° 

\           ^ 188 36.2° 127.1+° 

39 37.5° 158.0° 

3 11+8 1+3.2° l)+l.l+° 

202 ' ■•       1+3.7° 128.7° 

56 50.0° 178.9° 

' 161+ 50.9° 11+5.6° 

121+ 51.3° 158.8° 

28 51.3° 162.5°E 

121 56.1+° 171.7° 

k 121 2l+.2° 116.3° 
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TABLE 2 - RECOMMENDED COSINE-SQUARED SPREADING WEIGHTS 
(TABLE 2 OF REFERENCE 13) 

w V* 90° 75° 60° kr 30° 15° 0° 

-90° 0.000     _„   _^   

-75° 0.011 0.000 — — 
1 

— — 

-60° 0.0li2 0.019 0.000 — — — — 

-hy 0.083 0.069 0.037 0.000 — — — 

-30° 0.125 0.131 0.125 0.083 0.000 — — 

05 

-15° 0.156 0.181 0.213 0.250 0.250 0.000 0.000 

0°(u) 0.167 0.200 0.250 0.333 0.500 1.000 1.000 

% 
ts. 15° 0.156 0.181 0.213 0.250 0.250 0.000 0.000 

30° 0.125 0.131 0.125 0.083 0.000 — — 

U5° 0.083 0.069 0.037 0.000 
ji 

— — 

60° O.OH2 0.019 0.000 — — — — 

75° 0.011 0.000 — — — — 

90° 0.000 — — — 
1 

— — 
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TABLE 3 - — VALUES AS A FUNCTION OF B 
X 

(TABLE V OF REFERENCE 15) 

B S^/X^ B S2/X2 B S2/X2 

0.5 5.0 1.9 0.300 3.3 0.111 
0.55 3.861 1.95 0.286 3.35 0.108 
0.6 3.091 2.0 0.275 3.4 0.106 
0.65 2.543 2.05 0.261 3.45 0.103 
0.7 2.139 2.1 0.25 3.5 0.1 
0.7B 1.83 2.15 0.24 3.55 0.098 
0.8 1.589 2.2 0.23 3.6 0.095 
0.85 1.396 2.25 0.221 3.65 0.093 
0.9 1.239 2.3 0.213 3.7 0.091 
0.95 1.109 2.35 0.205 3.75 0.088 
1.00 1.00 2.4 0.197 3.8 0.086 
1.05 0.908 2.45 0.19 3.85 0.084 
1.1 0.828 2.5 0.183 3.9 0.082 
1.15 0.760 2.55 0.177 3.95 0.081 

,1.2 0.700 2.6 0.171 4.0 0.079 
1.25 0.648 2.65 0.165 4.05 0.077 
1.3 0.602 2.7 0.16 4.1 0.075 
1.35 0.561 2.75 0.154 4.15 0.074 
1.4 0.524 2.8 0.149 4.2 0.072 
1.45 0.491 2.85 0.145 4.25 0.071 
1.5 0.461 2.9 0.14 4.3 0.069 
1.55 0.434 2.95 0.136 4.35 0.068 
1.6 0.409 3.0 0.132 4.4 0.066 
1.65 0.387 3.05 0.128 4.45 0.065 
1.70 0.367 3.1 0.125 4.5 0.064 
1.75 0.348 3.15 0.121 5.0 0.053 
1.80 0.330 3.2 0.118 5.5 0.044 
1.85 0.314 3.25 0.114 6.0 0.041 
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TABLE 6 - RECOMMENDED VALUES FOR CLASS INTERVALS X 

(TABLE D-2 OF REFERENCE 16)   ■  ! 

SIGNIFICANT WAVE 
HEIGHT, M 

MODAL WAVE PERIOD 
SEC 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
11.0 
13.0 
15.0 
18.0 
22.0 
26.0 
30.0 

3.2  i 
4.8 
6,3 

'■- ' ' 7.5 1 
8.8 i 
9.7  i 
10.9 
12.4 
13.8 
15.0 
16.4 
18.0 
20.0 
22.5 
25.7 
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Figure A-239-1-7 Significant Wave Height vs, 
Average Wave Period 
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Figure A-239-1-9 Average Wave Period vs. 
Modal Wave Period 

3^ 

:o 

16 

H 

12 

10 

9 

8 

7 

6 

!> 

4. 

3 

2 

1 

0 

101ALS 

HIMItL tn iri I01«. IMRl 

1 1 

6 6 

a 3 1 12 

H J 1 1 1 22 

2* 9 9 1 1 1 30 

** M 9 7 2 1 1 K 

it 

no 

132 

a J4 15 V 7 n t t 2 1 1 1 1 188 

N 

t4t 

■3 '1 JO 3a u 11 to 9 6 1 s 3 1 2 481 

ttO 107 82 to »J 32 30 20 17 2« 17 14 12 tt t 2 8 3 n »«2 

73 71 it M 4a 4a 31 30 21 22 20 19 17 12 9 13 3 7 4 48 741 

JV5 U7 «* u 07 2J 71 S3 u .« ILl j; 17 " 19 i IS L_, 11 tm 

0      6    12     16    24   30   3»   42    48   54   60    58    72    79   94   SO    96 102  109   1H   120 lOtALS 
DURATION (HOURS) 

Figure A-239-1-10 Persistence of Wave Height 

A-17 



55 

i8 

*1 

Jt 

28 

22 

i; 

11 

7 

0 

lOlALS 

«M«IH e»«« spi OI/H. iAim.a IU31 

4 4 

12 3 1 n 

J» 14 4 3 1 68 

It* 61 « e 6 1 1 208 

?B7 WS SB 24 U » 6 a 1 1 577 

57« J49 l»0 rx u M }t II 13 3 4 s 4 4 1 1432 

•oa 4*4 }B I4S S5 VI 33 n • 4 1 1 1844 

7S« 342 1«7 M 31 13 n 3 3 1 1 UJ7 

ton 

17S eg 44 30 17 n 3 3 4 3 1 6»4 

IS4J 7» • It Id «J :u t1 2LJ 19 a 7 • 5 4 2 1 mo 

0      B    12     IS    24    30    36    42    4S    54    60    BB    72    76    64    SO    96 t32   106   114   120 TOULS 

DURATION (HOURS) 

Figure A-239-1-n Persistence of Wind Speed 
at 19.5 M (Knots) 

z\-18 



2t 

20 

16 

H 

12 

K> 

9 

8 

7 

S 

5 

5 

2 

1 

0 

I01ALS 

MHIUI cnii VI lOUl iomit MW 
,                                                                  PWCtKT                                                                  1 

1                                         tt                                        M                                         >»                                        >(o 

♦ 

♦ 

+ + «■ 0.1 " 
+ * ♦ ♦ t- 01 0.3 

f 0.2 0.2 0.) +■ + 0.3 0.2 + "/ 
0.4 0.7 0.8 O.S 0.2 0.4 0.4 0.8 0.i + /> 

♦ ai J.O 1.2 O.t 11 OJ 1* 28 2.3 03 ^ Ol U( 

0( 11 7.2 «.2 J.J 10_ lA- *»- 5T- lis" 4.0 08 0.t 44.4 

"}- *•" IT aa «.« 3.0 3.8 2.< 48 28 2.4 1.2 + 34 8 

0.] 0* 7J tij a^ft •4 8.0 a.8 88 118 10.4 9.7 28 0.3 ai I00.(| 

3.2 4.8 e.3 7.5 8.8 ».7 10.9 12.4 13.8 1S.0 l«.4 18.0 20.0 22.} 2S.7 TOTALS 
MODAL WAVE PtRIOD (SEC) 

Figure A-239-2-1  Significant Wave Height vs. 
Modal  Wave Period , 

24 

20 

le 

M 

12 

K) 

a 

a 
7 

6 

5 

4 

3 

7. 

I 

0 

10'IAI.S 

«ihiin VU% V\ ouv SAWtCS   » »* 

♦■ f 

■t * f 

♦• ♦■ 

f t- •♦ ♦■ t- + 0.2 

OJ *. * 0.2 + 0.S 

+ 0.3 0.4 0.2 0.4 0.1 1.3 

^ 0.2 0.4 0.8 11 14 ♦ 4.2 

0.4 11 2.8 S.4 4.4 0.7 + 14.8 

2.3 5.7 I3.» 20.7 1,7 + 44.4 

6.0 10.8 14.7 4.1 f 34.8 

7.; 17.1 31.8 317 1.1 iU 0.5 T -t- 100.1 

7    11     17    22   28   34    41    48   55 TOTALS 
WIND SP£tO AT  19.5 M (KNOTS) 

Figure A-239-2-2 Significant Wave Height vs. 
Wind Speed at 19.5 M (Knots) 

A-19 



I 
I 
i 
I 
d 
M 

24 

20 

l« 

W 

12 

>     K) 

9 

8 

7 

6 

5 

4 

3 

2 

t 

0 

lOIALS 

WiNlf » jif?n f^ 9H »*MPH1   1U4 

♦ ♦• 

1- 

f 

o.t ♦• •» 0.2 

0.2 ♦ 4- 4- 0.1 05 

+ 0.7 ai ■t- ••• ♦■ 0.3 1.3 

0.1 \.A 1.1 + * 0.3 0.8 42 

1.3 4.6 12 0.2 0.2 OJ 0.9 0.8 14.8 

3.7 0.8 124 11 0.4 OJ 17 3.0 44.4 

4.« S.J IO.S J.S ae 04 13 l« 34.a 

•.B 22.0 27.S 4.6 g 11 4J k. lOO.C 

N     NE.     E     SE     S    SW    W    NW TOTALS 
PRIMANY WAVE DIRECTION 

Figure A-239-2-3 Significant Wave Height vs. 
Primary Wave Direction 

•^ 
0 

2 
i 

48 

41 

34 

28 

22 

17 

II 

7 

4 

0 

lOlALS 

«IN1U) WiJi sn TOTAl SAMPLES   ]M4 

PERCENT 
to                                            DO 

t f 

♦ + 

+ + 0.1 0.2 0.9 

■f OJ 0.7 0.1 r 0.2 0.3 0.8 2.6 

0.S 17 12 0.1 0.4 0.7 0.9 »/ 7.7 

8.S 7.» 4.7 18 O.S V9 *?" 
/ 

31.7 

76 7J iJ y^ rT 2.0 2.5 31.B 

3.4 *^ 2.0 18 10 12 1.7 17.6 

20.2 

0.8 1.0 0.S 0.7 0.8 10 10 7.7 

22.8 13.0 9.8 4.7 6.4 6.6 IS.i lOO.fl 

N    Nt     E     SE     S    SW    W    NW TOTALS 
WIND DIRECTION 

Figure A-239-2-4 Wind Speed at 19.5 M (Knots) 
vs. Wind Direction 

A-2 0 



U.OO 

9.00 

6.00 

5 
1! 
UJ 

1 

4.00 

2.S0 

1.25 

in 
.bO 

.O 

0.00 

roiM.s 

thNll » CMM tH lOML tMiUS   3««4 

♦• + 

I- ••■ t t" ♦ t- 0.3 

•f 0.2 0.4 0.3 0.9 0.3 16 

OA li 3.S 3.7 10 f 9.1 

4.4 10J 21.0 3.4 0.1 4- 38J 

tt.O 20.1 B.9 ♦■ 411 

9.J 3.3 8.3 

22J 35.2 33.0 7.5 17 0.4 100.( 

SI 

0      fl    10     16     21    27    47   55    63 TOTALS 
WIND SPEED AT  K) M (KNOTS) 

Figure A-239-2-5 Significant Wave Height vs. 
Wind Speed at in M (Knots) 

24 

20 

16 

14 

12 

10 

9 

0 

7 

6 

5 

4 

J 

2 

1 

0 

1OTALS 

«MW 'yi 1 v\ rOTAL SW<I\ (1 fj n* 

n 

*■ * 

+ + 

+ + 
H 

¥ + + OJ 

0.3 0.1 ■♦■ + 0.3 

OJ 0.8 0.1 02 13 

2.9 0.7 0.3 0.2 t + 4.2 

18 BJ IS 1.0 0.4 0.5 + U.6 

2U 16.1 5.1 2.1 0.6 0.2 + 44.4 

J.I lo.e v.a 7.0 2B 0.7 05 + * 348 

3.1 33.7 stt te.3 t.5 2., 1.5 0.1 t f woe 
0 

1.0  2.0  4.0 6.0  8.0 10.0 12,0 14.0 18.0 10.0 20.022.024.0T0TALS 
2ER0 CROSSING PERIOD (SEC) 

Figure A-239-2-6 Significant Wave Height vs. 
Zero Crossing Period 

A-21 



34 

20 

16 

14 

12 

10 

9 

a 

7 

B 

5 

4 

i 

2 

I 

0 

TOTALS 

•hlW tn iin r8Ti*U SAMIUJ   MM 

♦• 4 

«• ♦ 

♦ ■f + + OJ 

0.2 ♦ 0.1 ♦ OS 

0.7 0.i 0.2 ai u 

2.2 1.2 03 0.3 0.1 0.1 4.2 

0.S a.2 3.0 1.3 o.a 0.6 0.2 u.s 

t4.S 18.1 7.2 2.9 12 a* + 44.4 

.. . 1.9 S.I 10.7 7.7 3.3 1.2 aa 0.1 «• 348 

U 24,1 3»2 20.1 32 iA 2.1 0.3 0.1 «• 10O.( 

0.0  2.0  4.0  8.0  6.0 10.0 12.0 14.0 M.0 18.0 20.0 22.0 24.0T0TALS 
AVERAGE  WAVE PERIOD (SEC) 

Figure A-239-2-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-239-3-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-239-4-3 .Significant Wave Height vs. 
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Figure A-239-4-5 Significant Wave Height vs. 
Wind Speed at 10 M (Knots) 
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Figure A-239-4-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-239-4-8 Zero Crossing Period vs. 
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Figure A-239-5-1 Significant Wave Height vs. 
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Figure A-239-5-5 Significant Wave Height vs. 
Wind Speed at 10 M (Knots) 
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Figure A-255-1-1 Significant Wave Height vs. 
Modal Wave Period 
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Figure A-2/093-4-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-165-1-6 Significant Wave Height vs, 
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Figure A-165-1-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-165-1-9 Average Wave Period vs, 
Modal Wave Period 
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Figure A-233-3-6 Significant Wave Height vs, 
Zero Crossing Period 
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Figure A-233-3-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-233-5-7 Significant Wave Height vs. 
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Figure A-039-1-7 Significant Wave Height vs. \ 
Average Wave Period i 

24.0 

22.0 

20.0 

18.0 

16.0 

14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

AtHIH. GPJI a>3 ?OT»l turn LIS   U M* 

+ + 

♦ + 

4 4- 

¥ + ♦ + + + 

* + + 0.1 + + 0.3 

■f 0.1 0.3 0.7 OJ 0.5 0.2 + ♦ 2.8 

t- 0.4 14 19 if 2.4 1.5 0.4 + ♦ 10.9 

az 0.9 1.8 4.0 t.2 5.4 S.2 2J 1.3 02 + * 30.7 

0.8 2.8 5J 8.1 7.0 4.6 J.7 3.1 18 0.7 03 + + J8.9 

06 3.7 4.1 2.1 U to 14 10 0.9 0.4 *■ + C5 

0.3 0.1 OJ 0.3 0.2 ♦• 0.1 0.2 ♦ 0.1 •t ♦■ ♦ 2.0 

OJ 0.7 4.8 7.4 8.5 114 a.8 Ht 114 124 7.4 4J U 0.2 a2 no.( 

3.2   4.B   6.3   7.9   8.6 9.7 10.9 12.4 13.6 15.0 16.4 18.0 20.0 22.5 2S.7T01ALS 
MODAL «M^ PERIOD (SEC) 

Figure A-n39-l-8 Zero Crossing Period vs. 
Modal Wave Period 

A-313 



24.0 

22.0 

20.0 

18.0 

W.O 

14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

AtWtfAL WM»J 10UL UMUS   «34«a 

♦ ♦ 

♦■ 4 + 

+ ♦■ ♦ + f + + OJ 

f- t- OJ! OJ 0.1 + ♦ 0.7 

M 0.J to U tt 0.3 + ♦ 4.S 

  f- 0.B J.9 3.7 4.9 2.7 ts 0.3 + ♦ 16.3 

0.3 H 3.1 7.0 IOJ> 4.7 43 IJO 0.9 02 4- ■ ♦ 340 

10 3L9 s.* 7J 4.2 2.9 19 2.0 to 0.4 0.2 + 30.7 

06 3M 3iO 13 0.9 0.6 0.9 0.9 0.9 0.2 + ♦ 122 

0.3 ♦ OJ az 0.2 1- ♦ 0.1 ♦ ♦• ♦ t ♦ t4 

0.3 0.7 44 7.4 •.9 1t4 ce 18.9 11.4 o.a 7.4 4.3 tt 0.2 a2 100.( 

3.2   4.8  6.3   7.9   8.6  9.7'C.g 12.4 tJ.B ».0 ».4 W.O 20.0 22.5 25.7TOTALS 
MODAL W/VE PERIOD (SEC) 

Figure A-039-1-9 Average Wave Period vs. 
Modal Wave Period 

JUM £li_ 
1 '''' 

« TOIHl SNin.[s 

24 

20 

16 

H 
1 1 

12 
s 1 6 

10 
» « J 2 1 1 42 

9 
42 12 J ! 1 b* 

0 
«0 2a t7 7 1 I 132 

7 
127 4S 21 12 4 1 2n 

( W 87 M 14 10 2 1 1 339 

5 
2»I m X 27 u 8 2 1 489 

H8 4 
JIS 17J RS 42 21 14 » 2 

3 
J44 2B OJ (S 38 28 23 S 8 1 2 8S9 

2 
J4I <g6 124 t1 84 38 13 12 a 3 1 2 3 1 «n 

^ US 1J2 10* 81 48 45 30 « 20 12 T 5 8 1 3 3 1 3 70* 

0 
81 n 43 22 28 19 m 12 n 10 10 8 5 S 1 1 , It 332 

HM mt Ul M4 n« U 104 » ti » F » » n P I 5 2 ♦ f1S» 

0 S    1 2   n S    2 *    3 0   3 «    4 2    4 B   5 4    6 0  e »    7 2    7 8   8 4    9 0   9 « 10 ? mi B   IV 1   17 nin TAi<; 
DURATION (HOURS) 

Figure A-n39-l-10 Persistence of Wave Height 

A-314 



55 

tn 
4B 

1 41 

2 3* 

§ 28 

5 22 

a 
17 

§ 
11 

7 

4 

0 

TOTALS 

tmiM. e»M SPJ row sum n wot 

J 2 1 « 

n 3 2t 

67 20 3 3 1 94 

190 62 31 12 1 2 298 

J73 W 52 19 5 8 I 588 

57B 219 107 15 22 4 8 1 972 

m 281 O* 41 20 B i « 1 1 12«; 

a«2 JM 1»4 104 81 28 13 12 ♦ 8 5 1 1 1 I64< 

75! 301 124 12 3C 22 n 8 3 2 1318 

4fl2 l«2 »5 2» « S 4 1 1 1 1 797 

23* 83 39 11 3 7 2 2 2 1 389 

«3» B9> 740 J21 MS 11 •4 2_ S ) t 1 1 2 7402 

18    24    30    36    42    48    54    60    68    72    78    84    90    96  t)2   »B   1H   130 TOTALS 
DURATION (HOURS) 

Figure A-n39-l-n Persistence of Wind Speed 
at 19.5 M (Knots) 

A-315 



24 

20 

% 

1 

^ K)   » 

s 
i 
I 
a 
in 

2 

1 

0 

TOTALS 

•KIW C»JI »»1 OHL twrui sm 
[                                                                  KRCCNT 
1                                          U                                         M 4 

♦ + 

♦■ ♦ 01 

0.1 0.C 0.3 01 -t uj 
+ 0.7 0.5 0.3 4 1 

* 0.9 14 06 0.6 03 + L 
0.6 16 2.1 oa 0.7 02 + / 61 

0.1 J.1 J.J 2.1 12 0.9 °y -^ 10.1 

la 3.2 2.2 2.S 'y tfiT 01 M.I 

11 4.4 4._7, rr- 2.3 18 11 02 0.1 18.0 

0.7, *< 4.0 ].S 17 J.1 2.1 0.7 01 + 14.2 

^ 06 16 2.S J.* 20 17 28 \3 12 02 ■1- 16.3 

^ OJ ae 0.5 o.« 10 IJ to t6 10 0.6 0 2 a.s 

Ol 0.1 ♦- + *. + ♦. 0.1 + 0.7 

t 02 ij J.O 7.0 o.a 20.4 u.a W.7 115 7.4 l.» OJ ai I00.( 

3.2   4.8  6.i   7.S   8.6  9.7 10.9 12.4 
MODAL WA^E 

13.8 
PERI 

15.0 1«.4 1B.O20.022.525.7TO1ALS 
00 (SEC) 

Figure A-039-2-1 Significant Wave Height vs, 
Modal Wave Period 

24 

20 

18 

14 

12 

TO 

9 

B 

7 

6 

S 

4 

3 

2 

1 

0 

TOTALS 

MNTtll OfS9 S?3 0»L SAI»1CS   iTO, 

+ + 

+ + + O.I 

t 0.1 0.1 02 0.3 0.3 0.1 1.2 

+ ¥ 0.1 0.2 05 0.5 0.2 + 1.6 

♦■ 4 0.2 0.4 10 1.4 0.6 a2 + 3.9 

+ <■ 0.2 05 13 17 1.7 0.6 + 6.1 

1- + 0.1 0.6 11 2.3 3.2 24 0.2 W.l 

+■ 0.3 0.5 18 18 38 40 09 + 14 1 

0.2 0.7 t.S 2.« 3.4 6.0 3.1 0.2 WO 

0.5 10 2.2 4.« 5.0 5.8 0.5 192 

0.7 13 2.9 6.0 4.5 0.8 t 183 

0.6 1.2 2.7 3.8 0.6 * 8.9 

0.1 0.2 0.2 0.1 0.7 

iL 4.B OJ n.a 17J 20.5 14.6 74 2.4 0.6 0.3 lOO.t 

7     11     17    22    28    34    41    48   55 TOTALS 
mVO SPEED AT  19.5 M (KNOTS) 

Figure A-039-2-2 Significant Wave Height vs. 
Wind Speed at 19.5 M (Knots) 

A-316 



WINTtW vn »i   "^om 5«ypi.(s in$ 

+. + 

■f + 0.1 

•f + + 0.2 ■h 0.4 0.3 12 

+ az + 0.2 0.3 0.5 0.3 1.6 

0.1 1- ai 0.3 0.8 0.3 1.2 0.6 3.9 

0.3 0.1 ai 0.3 0.6 0.6 2.6 n 6.1 

0.4 0.3 ae 0.8 1.2 0.6 3.B 2.1 W.l 

07 04 1.0 o.a 1.7 13 4.0 3.2 14.1 

1.1 0.6 1.4 o.» 2.1 13 6.3 3.8 18.0 

2.0 0.3 1.7 18 1.7 11 6.0 3.7 1B.2 

1.7 0.4 1.4 1.4 1.9 0.6 4.8 3.1 16.3 

1.0 OS 0.6 VJ 0.B 0.3 2.0 2.1 9.9 

0.1 + + 0.1 0.3 + 5.7 

7.S 3.3 7.B 7.3 113 8.7 33.0 20.3 lOO.C 

s 
to a 

E 

24 

20 

16 

14 

12 

10 

9 

8 

7 

6 

S 

4 

3 

2 

1 

0 

TOTALS 
N    NE    E     SE     S    SW    W    NW TOTALS 1 

PRIMARY WAVE DIRECTION 

Figure A-039-2-3 Significant Wave Height vs. 
Primary Wave Direction 

55 

48 

41 

34 

28 

22 

17 

11 

7 

4 

0 

TOTALS 

WINTER CPM SP3    TOTAL SAMPLES   3726 

i 
PERCEI^T 

10 TM 

0.2 0.1 03 

+- 02 02 01 + 08 

02 0.2 + 0.2 0.6 0.6 0.3 0.2 2.4 

0.3 0.5 0.3 0.3 1.5 2.7 10 
"!/ 

7.4 

0.3 0.5 0.9 14 2.3 5.7 2.4 J. 14.6 

08 13 0.8 13 2.8 ]y <:: 1.9 20.3 

0.9 1.2 0.8 't^ rT 4.7 3.3 2.2 17.2 

1.3 1.6 }^ 2.8 3.6 4J 2.3 19.8 

06 ^ 1.4 0 9 1.1 14 22 1.4 10.3 

/' 
0.4 0.5 0.5 0.7 0.8 0.7 0.7 48 

L 0.2 ai 0.3 O.J 0.4 02 0.2 22 

5.4 6.9 6.5 8.7 14.9 27.2 18.7 10.6 100.< 

5 
so o 

N    NE    E     SE     S    SW    W    NW TOTALS 
WIND DIRECTION 

Figure A-n39-2-4 Wind Sneed at 19.5 M (Knots) 
vs. Wind Direction 

A-317 



M.QO 

9.00 

6.00 

4.00 

2.50 

1.25 

.50 

.10 

0.00 

TOTALS 

NINTU VM iH 10HL SU«>ICS   J7S6 

+ + 

+ *■ OJ 2.2 02 + 2.9 

0.2 0.2 10 2.2 iJO 11.4 ■♦ 30.0 

12 2.0 5.3 6.1 11.2 6.3 32.0 

2.1 4.0 BJ 92 *.9 0.1 38.3 

2.3 3.9 6.6 1.8 M.6 

0.4 0.8 0.5 ♦ 18 

+ + 

&3 lae 3U 19.4 214 2ao 0.i 4- I00.( 

s 
ft UJ 

fl    K)     K    21    27   47    55   63 TOTALS 
WIND SPEED AT K) M (KNOTS) 

Figure A-n39-2-5 Significant Wave Height vs. 
Wind Speed at 10 M (Knots) 

24 

20 

16 

14 

12 

10 

9 

S 

7 

6 

5 

4 

3 

2 

1 

0 

TOTALS 

mmrcK f"! V3 ro'n. ^Kvr tS   373» 

T + 

+ + 01 

0.9 0.3 12 

1.5 + 1.6 

0.2 3.6 0.1 3.9 

3.0 30 + + + 6.1 

8.5 1.3 0.2 + W.1 

12.9 1.0 0.1 + M.I 

5.4 10.8 12 0.4 ■f + 18.0 

12.2 4.9 1.7 0.3 + + 19.2 

0.6 t)S 36 1.2 0.3 + «3 

2.6 3J 2.0 0.7 Q.2 + B.9 

+ o.t 0.2 02 01 + 0.7 

+ 3.3 31.7 46.2 18.3 3.2 0.1 0.1 + tooc 

0.0  2.0  4.0  6.0  6.0 10.0 12. 
ZERO CROSSI 

,0 14.0 16.0 18.0 20.0 22.024.0T0TALS 
NC PERIOD (SEC) 

Figure A-n39-2-6 Significant Wave Height vs. 
Zero Crossing Period 

A-318 



24 

20 

I ' 

6 
O 
5> s 

TOTALS 

• NTt K :«3« ?'^ 'orA, 5»M".C5   372« 
r   1  

. . 1     i 

,»• ♦ 

0.1 01 

02 o.» + + 12 

1.2 0.4 + 16 

34 0.5 + 3.9 

♦■ S7 0.2 + ♦ t 6.1 

4i 55 0.2 + + 10.1 

ll.l 28 0.3 + 14.1 

OJ 14.6 22 0.7 + + 18.0 

7.4 8.B 20 0.8 0.2 + 19.2 

^ a.4 5 2 20 0* 01 163 

12 3« 2.4 1.0 0.3 + 8.9 

0.1 0.2 0.2 01 + 0.7 

.4 20.2 46,7 25.9 5.0 0.6 0.2 t- ♦■ XW.t 

0.0  2.0  4.0  6.0  8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.024.0T0TALS 
AVERAGE  WAVE PERIOD (SEC) , 

Figure A-n39-2-7 Significant Wave Height vs, 
Average Wave Period 

24.0 

22.0 

20.0 

la.o 

16,0 

M.O 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

MNICR CPJ9 SP3 lOtJl. SAMPLES    3?2» 

■t ■t 

+ + + 0.1 

♦ ♦■ ■t Q.l 

f 0.1 0.3 0.6 0.6 0 3 + 4 2.2 

4- 0.3 11 2.2 5.2 3.9 2.8 OB ■^ 16,3 

•» 0.3 0.8 5.6 14.9 86 88 42 23 04 0.1 462 

+ a7 2.3 6.5 7.5 3.9 2.6 3.9 2.4 14 03 317 

+ 02 as 03 02 0.4 04 03 05 03 01 + 33 

+ + 

+ 0.2 1.3 3.0 7.6 13.8 20.4 13.8 18.7 11,5 7.4 1.9 0.3 0,1 100,( 

i2   4.8   6.3   7,5   B,6   9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.022.525.7TOTALS 
MODAL WAVE PERIOD (SEC) 

Figure A-n39-2-fi Zero Crossing Period vs. 
Modal  Wave Period 

A-319 



24.0 

22.0 

20.0 

18.0 

16.0 

14 0 

WNTCR CBja st>3 "tO'Al. s*M».ts }7ie 

♦ + 

+ + 

f + ■t- -f + 0.2 

«■ G.I 0.2 02 + 0.6 

12.0 

10 0 

♦• 0.3 0.7 16 15 0.6 0.1 + 5.0 

0.1 0.4 2.7 5.6 9.0 *A 3.1 05 0.1 25.9 

60 
♦ 0.3 20 9B 15.4 6.« 66 *0 16 04 ■•• 4C7 

60 
+ 1.0 2.5 S.S 3.5 2.0 14 ZO 12 0.9 02 20.2 

4 0 
+ 0.1 0.2 0.1 V + 0.2 Ot 03 01 +■ 14 

20 

0.0 

TOTALS 
+ 0.2 u 3.0 7.6 i3.a 20.4 13.8 ».7 11.5 7.4 1.9 0.3 0.1 100.{ 

3.2   4.8   6.3   7.5   8.6   9 7 10.9 12.4 13.B 15.0 16.4 18.0 20.022.525.7TOTALS 
MODAL W>IWE PERIOD (SEC) 

Fiqure A-039-2-9 Average Wave Period vs. 
Modal Wave Period 

A-320 



3 
f- 

5 

V.NC »Jt VI O'/ll. VM'JX  39« 
PERCENT 

u                            n                            It                            ti 

2« 

20 

16 

14 

12 

n 

9 

8 

7 

6 

5 

* + 

fr 0.3 OJ 4 o.e 

* 4 0.2 0.3 « 
"i 

f + 0.3 0.4 OJ 0.2 4 + 4 V 
0.2 0.6 0.3 0.8 0.4 + 4 

+ 0.9 0.4 OB 05 0.4 ♦ / 
f- 
3.0 

0.5 16 O.B 10 0.9 06 + / 5.4 

0.6 2.6 18 2.0 2.0 10 O.B .^^ + 4 n.i 

3 

2 

1 

0 

+ 11 3.7 4.5 3.6 22 7^ •eT O.B 02 ♦■ + 20.7 

+■ 1,7 J4 iT, JfT- rr 2« 30 17 07 01 24 4 

vA iO^ JT la i5 1.8 «2 2.1 27 13 0.4 22.» 

"7 ♦ 10 0.7 0.8 04 OB ID 0.6 15 OJ! It 

0.3 3.0 9.J 7.2 12.0 U.7 *' tl.t 14.7 9.5 4.7 0.6 OJ ■t 100.( 

3.2   4.8  6.3   7.5   8.6  9.7 10.9 12.4 
MOOAL WAVE 

13.B 
PERI 

15.0 16.4 1B.0 20.0 27.5 25.7TOTALS 
00 (SEC) 

Figure A-039-3-1 Significant Wave Height vs, 
Modal Wave Period 

rcm S4uPi.cs isn 

24 

20 

16 

14 

12 

K) 

9 

8 

7 

6 

5 

4 

3 

2 

I 

0 

TOTALS 

+ + f 

0.6 ♦ 01 0.3 + 

4 0.3 0.2 0.6 

+ t- 0.2 02 03 0.3 ♦ 1.3 

0.1 0.3 03 0.5 08 + 2.1 

*. + 0.1 0.4 0.4 0.4 0.5 11 + 3.0 

02 0.1 03 10 09 12 14 03 54 

0.2 0.6 1.0 1.9 2.2 2£ 2.4 02 111 

0.3 O.B 2.2 5.5 5.5 6.2 0.3 20 7 

1.2 2.3 4J 7.5 9.1 12 ♦■ 24.4 

1.6 3.6 6J 9.7 1,6 + 4 22 9 

U 2.1 3.3 U 7.8 

id 9.7 I7J 274 18.9 12.1 5.3 iU 10 0.2 IDO.t 

7     II     17    22    28    34    41    48    55 TOTALS 
WIND SPEED AT  19.5 M (KNOTS) 

Figure A-n39-3-2 Significant Wave Height vs. 
Wind Speed at 10.5 M (Knots) 

A-321 



IMiNO o»3t »i   Tom UMgi.K an 

»- 
s 

24 

20 

16 

14 

12 

10 

9 

B 

7 

6 

5 

4 

3 

2 

1 

0 

701ALS 

♦ f 

0.2 + ♦■ 0.2 0.2 0.6 

+ + 0.1 0.1 0.2 + 0.6 

O.i 1- ai 0.2 0.4 0.2 13 

OJ 0.2 0.1 + 0.2 0.2 0.4 0.5 2.1 

OS 0.1 ai + 0.5 0.3 0.6 0.8 3.0 

07 0.4 + ♦ 0.5 03 16 IB 5.4 

t.4 OJ a4 0.4 1.3 10 18 4.3 111 

i.4 0.3 a7 0.5 2.8 0.0 5.2 8.7 20.7 

1.9 o.« 1.6 0.7 3.1 16 5.3 9.2 24.4 

1.4 0.4 a9 13 3.2 13 4,4 B.4 22.B 

Oi + ai 11 0.7 0.1 2.9 V7 7.8 

a.3 2.8 4.3 4.1 i2.e 3.8 23.1 33.8 IO0.C 

N    NC    E    SE    S 
PRIMARY WAVE 

SW    W    m TOTALS 
DIRECTION 

Figure A-n39-3-3 Significant Wave Height vs. 
Primary Wave Direction 

Wit SPJ    TOTAt. 3AMPIE5   3Sa2 

I/I 
y- 

§ 

m 
0) 

o 

I 

55 

48 

41 

34 

2S 

22 

17 

11 

7 

1                              PERCENT 1 
w      1 

+ + ♦ •*- > 0.2 

01 0.2 + 0.1 0.2 0.3 + 1.0 

03 0.3 + + O.B 10 0.3 
°'j 

3.1 

04 0.4 0.1 0.3 1.3 18 0.6 J 5.5 

08 0.7 0.4 0.6 2.8 3.2 2.0 L 12.1 

1.0 0.5 1.3 0.7 3.2 IV Z' 2.7 16.9 

U 1.1 1.8 'V '^ 64 7.1 3.2 27.4 

1.1 'lA ^ 13 24 38 3.1 2.1 173 

"'/ 13 1.0 12 1.7 13 0.9 U 9.7 

h 0.6 a7 0.6 08 0.4 0.4 05 4 7 

6.4 6.8 7.1 6.1 17.9 23.3 190 12.3 I00.< 

z 
a: 
UJ a 

TOTALS 
N     NE     E     SE     S    SW    W    NW TOTALS 

WIND DIRECTION 

Figure A-039-3-4 Wind Speed at 19.5 M (Knots) 
vs. Wind Direction 

A-322' 



14.00 

9.00 

3" 
6.00 

1- 

5 

Ul 

4.00 

2.50 

t 1.25 

in 
.50 

.n 

0.00 

TOTALS 

SHIINC a»39 spj lOWL S*»*LES   JSW 

12 + 13 

0.1 0.1 o.a 0.8 11 3.1 6.4 

VI 13 3.3 3.4 4.7 2.6 16.5 

2.3 *a 9.8 )0.S 5.4 0.1 32.3 

5.6 7.8 13.4 4S + 31.5 

3.3 4.9 3.8 r ai 

0.6 0 4 10 

u.g 1B.0 30.2 19.2 113 7.5 + no.c 

0     6    10     18     21    27    4 
WIND SPEED AT  10 

7    55    63 TOTALS 
M (KNOTS) 

Figure A-039-3-R Significant Wave Height vs 
Wind Speed at in M (Knots) 

24 

20 

16 

14 

12 

10 

9 

S 

7 

6 

5 

4 

3 

2 

1 

0 

TOTALS 

SMitlQ Cf3 5P3 ro'Ai S*MPLtJ    JS«2 

4- 4 

0.5 + 0.6 

0.6 ■^ 0.6 

f 1.0 0.1 + 1.3 

0.9 1.0 0.1 -t 2.1 

2.1 0.7 0.2 + 3.0 

42 08 0.3 + 5.4 

3.2 5.9 1.3 0.5 + 11.1 

13.4 5.7 1.2 0.4 20.7 

19 158 40 16 1.0 4 244 

e.9 le 40 1.8 0.6 22.9 

0.3 2.7 to 1.5 to 0.4 + 78 

0.3 13.6 ♦1.8 26.4 115 3.9 0.5 wot 

0.0  2.0  4.0  6.0  8.0 10.0 12.0 14.0 16.0 18.0 20.022.024.0TOTALS 
ZERO CROSSING PER 100 (SEC) 

Figure A-n39-3-6 Significant Wave Height vs. 
Zero Crossing Period 

A~323 



'■'■■■ 24 

.. 20 

16 

M 

12 

10 

9 

S 

7 

6 

5 

4 

i 

2 

I 

0 

TOTALS 

sniihQ B»}» JF» '9TA^ S»M»ICS   3S»I 

+ + 

■♦ 0.5 0.6 

0.5 + * 0.6 

09 0.1 0.1 + ♦ 
 1 

13 

♦ t.8 0.1 ai 2.1 

1.2 U o.« + + 3.0 

iJ 1.3 0.8 ai 3.4 

0.3    7.7 21 0.8 02 n.i 

a.2 8.4 22 OS + 20.7 

0 3 M7 S6 23 IJ 0.3 244 

£J a£ 4.S 25 0.8 + 22.9 

* 24 18 IB I.I 0.5 + 7 8 

+ «.» JJ.7 3J.7 15.9 6.5 1.1 ••• ♦• lOO.t 

5 

0.0   2.0   4,0   6.0   8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0TOTALS 
AVERAGE  WAVE PERIOD (SEC) 

Figure A-039-3-7 Significant Wave Height vs. 
Average Wave Period 

24.0 

22 0 

SPRir K ia>j9 spj TOIAl SAMOLtS   3S82 

1 

20.0 

18 0 

16.0 

14 0 
+ *■ 0.1 0.2 ■t 0.3 

12 0 
♦ 0.1 0.5 1.3 10 0.7 0.1 + 3.9 

100 
0.3 1.5 2.3 2.9 2.S 1.4 02 11.5 

8.0 

60 

0.3 0.6 16 3.5 77 5.1 5 4 23 16 01 + + 28.4 

0.3 2.1 5.1 9.1 9.1 6.3 2.9 3.7 2^ 0.7 02 + ■f 41.8 

40 
03 2.5 30 IS 1.2 08 13 11 12 0.7 136 

20 
0.1 + ■t- t ♦■ + OJ 

00 

TOTALS 
0.3 3.0 5.3 7.2 12.0 13.7 18.9 11.9 14.7 9.5 47 06 OJ 4 no.c 

3.2   4.8   6.3   7.S   8.6   9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.0 22.5 25.7 TOTALS 
MODAL WA/E PERIOD (SEC) 

Figure A-039-3-8 Zero Crossing Period vs. 
Modal Wave Period 

A-324 



24.0 

22.0 

20.0 

18.0 

160 

14.0 

12.0 

10.0 

8.0 

60 

SPOINC CPJI SBJ 1CT*L StMPLCS   JM2 

i   

¥ + + 

♦ 0.2 0.3 0.4 •♦ + 1.1 

0.1 0.8 18 2.1 15 01 65 

0.5 2.6 3.8 4.6 3.0 1.3 02 13.9 

03 08 30 7.1 9.6 4C 4 7 21 11 02 + 4 337 

OS 3.0 5.7 S.4 5.5 3.7 2.3 2.6 15 0.3 ♦ J3.7 

4.0 

2.0 

0.0 

TOTALS 

03 24 2.0 0.7 06 06 08 0.5 07 0.4 a.9 

+ + ♦ ■•■ 

0.3 3.0 5.3 7.2 12.0 13.7 16.9 11.9 14.7 9.5 4.7 06 0.2 + 100.C 

3.2   4.8   6.3   7.5   8.6   9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.022.525.7TOTALS 
MODAL WAVE PERIOD (SEC) 

Figure A-n39-3-9 Average Wave Period vs, 
Modal Wave Period 

A-325 



tuu/tn cm SP3 ■'OHl SUiiPLeS   3848 

I                                                                  PERCENT 
f                                   u                                  »                                  «                                  , 

2* 

20 

16 

H 

12 

10 

9 

8 

7 ^ ■* 0.1 

B 0.1 + f 0.2 

5 0.3 * 0.5 

4 
4- 0.4 0.4 0.6 0.3 

" 
5 05 2.1 0.7 0.7 0.2 03 0.1 i; 
2 

1» J4 26 16 ig 0.5 11 01 ^ ^ 
131 

1 
0» 7.3 a.3 6.J 4.7 J.I 3.5 iO- ti- ST- J5.B 

0 
15 iS— *;- vr- Ss" 5S 35 4.2 18 ll 0.1 0 4 43 8 

TOTALS 
1.5 2.« HI HJ 16.6 1S.0 e.4 IIJ 4.3 4.9 0.8 0.4 ■t lOO.C 

3.2   4.8   6.3   7.S   8.6  9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.022.525.7TOTALS 
MODAL WAVE PERIOD (SEC) 

Figure A-n39-4-1 Significant Wave Height vs. 
Modal Wave Period 

TO'AL SAt'P-ES   2a*B 

24 

20 

16 

M 

12 

X) 

9 

8 

7 

6 

5 

■4 

2 

1 

0 

TOTALS 

i 

+ + + 01 

t 02 0.2 

+ 0.3 02 05 

0.2 0.4 0.J 0.6 0.3 1.7 

0.2 0.2 0.5 0.6 0.8 2.2 0.3 4.7 

13.1 0.9 0.7 2.2 4.1 4.7 10 

1.8 3.7 7.8 19.4 3.3 0.1 358 

6.9 12.1 19.1 6.1 f 43.8 

8.9 16.7 29.6 30.7 3.0 3.8 0.7 0.4 lOO.t 

4      7     11     17    22    28    34    41    48   55 TOTALS 
WIND SPEED AT   19.5  M (KNOTS) 

Figure A-n39-4-2 Significant Wave Height vs. 
Hind Speed at 19.5 M (Knots) 

A-326 



SUMMt* 

s 
f 

9 s 

24 

20 

W 

14 

12 

10 

9 

8 

7 

6 

5 

4 

J 

2 

1 

0 

TOTALS 

wn yi   Towi. s«i»its ag*» 

01 4- 0.1 

0.1 0.1 «• 0.2 

0.1 02 01 05 

02 0.1 OJ 0.5 0.5 17 

0.1 + 4- 1.0 0.7 1.8 1.0 4.7 

0.5 4- 0.4 0.5 1.7 15 3.4 4.5 13.1 

2.3 11 IB 2.1 5.0 2.6 7.8 9.6 35.8 

2.4 19 8.6 4.8 3.6 2J 9.1 9.9  |43.e 

3.8 3.1 12.0 7J 117 7J Z26 23.5 lOO.C 

NE    E     SE     S 
PRIMARY WAVE 

SW    W    NW TOTALS 
DIRECTION 

Figure A-039-4-3 Significant Wave Height vs. 
Primary Wave Direction 

55 

48 

41 

34 

29 

22 

17 

II 

7 

4 

0 

TOTALS 

SUMCR yj« SP3    ■'OT*L SAMPLES   :94B 
PERCENT 

M uc 

02 0.2 0.4 

0.1 0.6 ♦• 0.7 

■f 0.2 0.7 1.9 0.7 °v 3.8 

0.2 0.4 0.6 0.8 1.6 3.2 18 »/ 9.0 

1.0 3.4 3.7 3.7 5.0 6.2, ♦^ 

r-- 
2.4 30.7 

12 37 4.0 »- ^ 5.3 4.2 3.4 2B8 

1.4 )y 1.7 2.1 2.5 2.1 18 1.7 16.7 

/ 1.1 1.2 08 1.0 15 13 0.8 89 

"> 11.1 112 11.6 15.0 211 14.8 9.0 100.0 

5 
50 O 

N     NE     E     SE     5    SW    W    NW TOTALS 
WIND DIRECTION 

Figure A-n39-4-4 Wind Speed at 19.5 M (Knots) 
vs. Wind Direction 

A-327 



SIMCR 0PM SPi lOML SAWOLCS   »*» 

14 00 

9.00 

6.00 

4.00 

2.50 

125 

••■ •♦ ♦■ 0.2 0.4 

0.2 0.4 0.2 0.7 0.5 2.1 

0.7 1.0 19 2.B 2.4 ♦■ 0.8 

350 3.9 7.1 1S.9 4.9 0.2 

.50 
7.4 15.5 11.2 ♦ 342 

10 
V7 8.3 4 I9.b 

0 00 

TOTALS 
23J 32.2 32.5 B.1 3J 0.B 100.C 

6    10     16     21    27   47    55   6J TOTALS 
Wlh© SPEED AT  10 M (KNOTS) 

Figure A-n39-4-5 Significant Wave Height vs. 
Wind -Speed at 10 M (Knots) 

24 

20 

16 

14 

12 

10 

9 

8 

7 

e 

5 

4 

3 

2 

1 

0 

TOTALS 

yjtM n 5f3» srj '9"r JJU-LtS    J SO 

♦■ +■ t 0.1 

0.2 0.2 

0.5 0.5 

0.7 0.9 17 

3.7 0.8 + 0.2 *.J 

2.5 B.4 19 01 02 Ul 

22.3 ».3 2.6 U 0.3 0.1 35.6 

7.7 13.5 13.2 6 6 24 04 + «3a 

7.7 38.3 35.4 13.5 38 1.1 
 1 

0.1 + «■ 10O.( 

s 

).0  2.0  4.0  6.0   8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.024.0T0TALS 
ZERO CROSSING PERIOD (SEC) 

Figure A-039-4-6 Significant Wave Height vs. 
Zero Crossing Period 

A-323 



24 

20 

16 

14 

12 

10 

9 

e 

7 

E 

5 

4 

3 

2 

1 

0 

TOTALS 

suMutn or» SfJ 0"r S»MPt[J   M«» 

+ + 0.1 

O.I + 02 

0.4 + 0.5 

14 0.2 17 

3.3 10 0.2 0.2 4.7 

0 6 9.4 2S 03 02 4 Ul 

18.1 12.1 3.6 1.4 0.4 Ol 358 

S.8 13.7 13.9 7.S i* 05 Ol 438 

S.8 32.i 38.8 18.7 4.7 '* 02 ♦■ woe 

0.0  2.0   4.0  6.0  8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0TOTALS 
AVERAGE WAVE PERIOD (SEC) 

Figure A-039-4-7 Significant Wave Height vs. 
Average Wave Period        i 

24.0 

22.0 

20.0 

18.0 

16 0 

14.0 

12.0 

X).0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

SUUMCR CJt v>i IO'AL S««PLCS   3S4g 

4 4 

0.1 + 0.1 

0.2 0.2 0.4 0.3 + 11 

0.1 1.0 17 0.6 0.3 + 0.1 3 8 

04 IB 3 7 17 4 1 11 06 01 13 5 

2.9 70 8.0 8.1 3.5 2.4 1.1 2.2 0.1 01 35.4 

20 11.1 10.7 58 2 7 17 21 11 10 01 38 3 

1.5 0.6 11 1.3 0.» 04 0.5 0.8 0.2 0.4 -f 01 7.7 

1.5 26 15.1 19J W.6 15.0 8.4 11.2 4.2 4 9 0.8 0.4 + 1O0.( 

3.2   4.8   6.3   7.5   8.6   9 7 10.9 12.4 13.8 15.0 16.4 18.0 20.0 22.5 25.7 TOTALS 
MODAL WAVE  PERIOD (SEC) 

Figure A-039-4-8 Zero Crossing Period vs. 
Modal Wave Period 

A-329 



24.0 

22.0 

20.0 

18.0 

16.0 

14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

SlAMtR ePi9 SP3 OTAL SAMPLES   }S4a 

* 4- 

0.1 0.1 + 0.2 

0.4 0.2 0.4 0.2 0.1 14 

0.2 1.0 2.2 0.7 OS 0.1 4.7 

0 4 2.1 4.5 2.8 4 2 " 12 * 4 16 7 

3.2 9.3 M.O 8.0 2.7 2.4 10 19 0.2 01 36.8 

22 n.1 B.B 37 20 1* 17 08 0.7 + + 323 

1.5 0.4 0.8 0.9 0.8 0.2 0.4 0.4 0.1 0.2 + + 5.8 

1.5 2.6 15.1 19-J 16.6 1S.0 8.4 112 4.2 49 0.8 0.4 + WO.C 

3.2   4.8   6.3   7.5   B.6   9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.0 22.5 25 7TOTALS 
MODAL WAVE PERIOD (SEC) 

Fiqure A-n39-4-9 Average Wave Period vs. 
Modal Wave Period 

A-3 30 



'«u Wll V3 OKI S««»I.tJ   JJSJ 

a                             M                             IS                             jc 

2* 

20 

16 

1        ■ 1 
1 

1 

12 

10 

9 

e 

.    7 

6 

5 

4 

+ ♦ 

*. 4. 0.2 

+ ♦ 0.2 0.2 0.3 + + + 10 

t. 0.5 03 0.3 0.3 + + a2 "/ 
+ 1.0 0.7 OB OS 03 0.2 + /; 

t- 0.4 2.4 1.2 0.8 0.5 + + /■* 68 

aaa 
0.1 OS 2.0 2.1 1.5 0.8 OB V + 96 

3 

2 

1 

0 

o.a ia 3.0 3.3 Z3 0*- 0.7 02 + 0.1 17.7 

-*■ 1.5 4.1 3< H i<- TT 18 11 OS 05 * 231 

0 2 i!^ *<r 2.6 3.0 3.5 3.5 18 tl 0.4 0.1 •*■ 248 

^. 11 1.5 1.3 IJ 1.1 19 11 0.3 02 113 

TOTALS 
♦■ 0.2 3.1 8.1 ».o 12.0 13.8 t7.» 14.3 11.1 8.2 41 13 0.4 0.7 no.c 

3.2   4.8  6.3   7.5   8.6   9.7 W.9 12.4 13.8 1S.0 16.4 W.O ZO.O 22.525.7T01ALS 
MOOAL W/WE P£RI0O (SEC) 

Figure A-n39-5-l Significant Wave Height vs. 
Modal Wave Period 

r«i.i. G»19 5PJ ■Oil. SAWPLtS   335J 

24 

20 

16 

14 

12 

10 

9 

8 

7 

6 

5 

1 
1 1   : 

i 

1 

i 

+ + + *■ 

+ t + + + 02 

♦ ♦- 02 0.3 02 + + 1.0 

4. + 0.1 0.1 0.4 0.6 03 + 1.7 

0.1 0.3 0.5 0.7 0.9 1.3 + 3.9 

+ 0.6 11 13 1.4 IS 04 + 6.S 

0.2 0.4 0.6 18 2.5 2J 1.7 + 9.6 

17.7 
3 

2 

0.5 14 2.1 4.5 4 6 4.3 0.4 

0.8 2.0 3.6 7.8 73 15 *. 23.1 

1 
2.3 4.0 8.5 10.0 2.0 + 24.8 

0 

TOTALS 

.,, 2.8 4.9 1.8 f 11.3 

\A n.a 18.5 278 IBJ D.S 5.7 23 0.2 + 100( 

0      ♦      7     11     17    22    28   34    41    48    55 TOTALS 
WIND SPEED AT   19.5 M (KNOTS) 

Figure A-n39-S-2 Significant Wave Height vs. 
Wind Speed at 19.5 M (Knots) 

A-331 



rtu 

24 

20 

W 

14 

12 

10 

9 

8 

7 

6 

5 

4 

3 

2 

t 

0 

TOTALS 

W3» yt   TO'*!. s*>*'..ts iasa 

•t + -♦ * 

♦ 0.1 0.2 

0.1 + O.t 0.3 0.4 10 

0.1 4 0.3 + + 0.4 0.7 17 

+ OJ 0.2 0.3 0.2 0.2 0.9 1.8 3.9 

02 0.5 * 0.3 0.6 0.4 10 3.3 5.6 

0.4 0.2 0.2 0.2 1.1 0.8 1.4 4.9 9.6 

i;4 0.S as 0.2 2.5 12 2.9 7.5 17.7 

1.9 0.9 0.0 0.7 2.6 14 3.3 9.7  I23.I 

1.5 0.6 1.2 0.7 2.6 17 3.8 10.8 24.8 

o.e 0.4 1.3 0.5 0.9 0.5 1.8 4.3 I113 

e.3 3.4 4.7 3.3 lO.e 8.2 IS.0 .4 lOO.d 

NE    E     5E    S 
PRIMARY »IIAVE 

SW    W    NW TOTALS 
DIRECTION 

Figure A-039-5-3 Significant Wave Height vs. 
Primary Wave Direction 

55 

48 

41 

34 

2B 

22 

17 

11 

7 

4 

0 

TOTALS 

FALL W39 SPi TOlAt SAlin.ES   3?5J 
PtRCENr 

to                                100 

+ 4- 

0.1 4- + 0.2 

01 O.t 0.1 0.2 04 10 0.3 \ 2.3 

0.4 0.2 + 0.6 1.1 1.9 0.9 J 5.7 

0.7 0.6 0.4 0.6 2.1 3.3 1.9 ; 10.9 

17 11 0.8 0.7 2.4 5.3 ^ J.2 1B.3 

2.2 2.6 1.4 
"•^^ 

A^ G.6 3.9 3.4 27.6 

1.5 16 M^ 1.5 2.0 4.1 3.9 2.1 18.5 

^V ̂ / 0.6 12 1.3 18 1.8 2.1 10.8 

/• 0.6 06 06 0 7 0.7 10 0.7 56 

7.9 7.5 S.6 7.0 13.7 24.9 19.6 12.1 lOO.C 

s 

N    NE    E     SE     S    SV»    W    NW TOTALS 
WIND DIRECTION 

Figure A-n39-5-4 Wind Speed at 19.5 M (Knots) 
vs. Wind Direction 

4- 332 



14.00 

9.00 

6.00 

4.00 

2.50 

1.25 

.50 

.10 

0.00 

TOTALS 

fALl 0PM SP3 lOTAt SAMPitS   ]]S] 

+ * *■ 0.2 0.3 

+ 0.3 0.6 O.B 18 3.2 6.6 

0.8 1.2 3.3 4.4 4.0 2.6 16.3 

2.5 3.9 9.2 8.6 4.5 0.1 28.6 

5.S 7.5 12.9 4.3 0.2 30.8 

4.7 6.5 4.3 i- 156 

0.8 0.8 16 

M.6 20.2 30.« 1B.2 10.5 6.1 MO.t 

l/> 

6    10     16     21    27    4 
WIND SPEED AT  10 

7   55   83 TOTALS 
M (KNOTS) 

Figure A-n39-5-5 Significant Wave Height vs. 
Wind Speed at in M (Knots) 

24 

20 

16 

14 

12 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

TOTALS 

tM\. urn S"i TO-AL SmrtCS   3252 
1 

1 1 

i 
I 
i 

+ <■ + 

4. 0.1 0.2 

f 0.6 0.1 + + 10 

0.4 1.1 + t 1.7 

3.0 0.8 + 0.1 3.9 

+ 5.1 1.2 0.2 6.6 

3.0 5.3 0.9 0.3 + + 9.6 

10.6 4.8 1.6 0.4 0.2 + 17.7 

2.1 147 46 1.5 0.2 * + 2J1 

9.5 7.7 5.0 1.7 0.7 + 24.8 

1.0 42 25 24 08 0.5 11.3 

10 15.7 36.7 30.6 10.5 2.8 0.5 0.2 t WO.C 

0.0   2.0   4.0  6.0  8.010.0 12.0 14.0 16.0 18.0 20.022.0 24.0T0TALS 
ZERO CROSSING PERIOD (SEC) 

Figure A-n39-5-6 Significant Wave Height vs, 
Zero Crossing Period 

A-333 



24 

20 

16 

H 

12 

10 

9 

a 

7 

6 

5 

4 

3 

2 

I 

0 

rOTALS 

tite, W3 $fj 'OMt J»M»LtJ   32SI 

1 
i 

j 

+ + -*■ ■t 

+ + + 0.2 

05 0.5 + f 10 

1.3 0.3 + 17 

1.3 2.3 0.1 0.1 + 3.9 

3.9 22 0.4 + g.6 

OJ 6.9 1.8 0.5 0.1 + 9.6 

7.1 7.4 22 0.7 0.2 0.1 17.7 

0.4 U4 6.5 21 0.4 0 2 •4- 231 

S.6 S.6 6.2 23 10 + 24.8 

OS 3.5 29 26 1.1 06 11.3 

0.5 10.« 32J 34.6 15.7 4.7 0.8 0.4 +■ 100.( 

s 

0.0   2.0   4.0   6,0   6.0 10.0 12.0 14.0 16.0 18.0 20.0 22.024,0TOTALS 
AVERAGE  WAVE PERIOD (SEC) 

Figure A-039-5-7 Significant Wave Height vs. 
Average Wave Period 

24.0 

22.0 

20.0 

18.0 

16 0 

14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

r«u C">3I SBJ ^ar^. SlUPLCS   3JSJ 

i 
1 

* + 

» 

+- + f 0.2 

♦ 0.3 01 ■♦ 0.5 

0.2 0.5 0.7 0.3 0.6 0.1 0.1 0.1 2.8 

0.2 14 2.3 2.3 2.1 1.5 03 0.1 0.3 10.5 

0 2 11 1.8 46 8.8 60 4 7 19 0.9 03 4- 01 J06 

0.6 2.1 61 06 7.3 5.3 39 2.4 14 0.4 05 + + 38.7 

02 25 36 17 1.5 14 19 1.5 0 8 0.4 0 2 15 7 

<• + + 0.1 + *■ + 0.2 + ♦ + ♦- 1.0 

+ 0.2 3.1 6.1 9.0 12.0 13.6 17.9 14.3 111 6.2 4.1 1.3 0.4 0.7 100.( 

3.2   4.8   6.3   7.5   8.6   9 7 10.9 12.4 13.8 15.0 16.4 18.0 20.0 22.5 25.7 TOTALS 
MODAL W/WE  PERIOD (SEC) 

Figure A-n39-'i-R Zero Crossing Period vs, 
Modal  Wave Period 

A-334 



u 
UJ 
to 

8 
cc 
u 
a. 
U) 

I 
t 

24.0 

22.0 

20.0 

18.0 

16 0 

H.O 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

TOTALS 

FALL CPJ9 SPi OML S«*>LtS   3152 
■■ ■ I 1 

; 
i 

+ 0.2 + ■♦ 0.4 

0.1 0.4 02 ■♦- 4 0.8 

0.3 0.8 1.0 0.8 1.2 0.1 0.2 0.2 4.7 

«■ 0.4 2.4 4.) 4 4 2.7 11 0.3 + 0.2 15.7 

0.i 15 3.3 74 10.3 5.9 37 X* 06 03 + 01 34 B 

0.7 14 64 7.5 5.1 3.5 2.7 1.4 1.0 0.3 03 +. 32.3 

02 23 23 11 1.1 0.7 12 08 0.5 4 02 106 

■(■ + + 0.2 + t + + 0.5 

t 0.2 J.I 6.1 9.0 12.0 13.6 17.9 14.3 11.1 6.2 41 1.3 0.4 0.7 WO.C 

3.2   4.8   6.3   7.5   8.6   9.7 10.9 12.4 13.B 15.0 16.4 18.0 20.022.525.7701ALS 
MODAL W/WE PERIOD (SEC) 

Figure A-039-5-9 Average Wave Period vs. 
Modal Wave Period 

A-335 



I 
to 

< 

O 
O 

m 

3   C 
B  <U 

X   ^ 

r^ cO  S 

in u\ 

ir> 

c c 
a V 

•H    O 
n u 
^& 

o 

c 
V 

(S 

0) 
as 

ITV 
IT* OJ 

(VJ CM    I 

g -p 3 c ITv 
C   0) <M 

-H     O • VO    1 
O 

l/N 

o 

x: 0) 

0) • 
X T5 

o 
4)   tl »<   C 
o  > u  o 
03   cJ p -^ 

V4 3 S.  *J 
t. o 
3     . 4)   4) 

CO   to >   L. 
•rt cd  ■^ 

a) CO 3 Q 
4) 
en 

■p 

4> > 

,\C 

B 

x: 

o 

o 

CO 

t to 

tJ 
c c 
o o 
a *> 
4) U 
L. 4; 

6S 

■a 
V 
LI   T3 
3   4) 
0 I- 
01 3 
^  o 
o  (0 

JO 

^° 
"^ 
o 
in  o 

U) 

41   W 

C   4) 

cd 

^5 

'?5« 

a     »-< 

41 
t. 
3 
•P 
L, 
01 a 
4) 

4) 

41 
E- 

I 
i 

a)' 60 
3 C 

X  C •'H 
■P   C -P 
■H <i o 

^    .a 
U   r^ 

VH w c 
41 O 
«    C 

O *J 
4)  -^ O 
t)  <-> n) 

N n<   o 

"      " 4) 

4J 
8> I 

CC 
O   C     I 11 
cd    0)   J3 O. 
t.   4)   3 3 

<iH  S:  t/J U5 
4) 
p; 

A-3 36 



24 

20 

« 

12 

10 

» 

8 

7 

6 

5 

i 

3 

2 

1 

0 

TOTALS 

•IMH. trmvi 10IM. SMMS   aU7 

1                                                          PCTCCNT 1                                        -                                       «                                       H                                      . 1 

♦ ■t ♦■ •. + + 

+ «. 4 *. 4 + + OJ 

4 0} 0.1 0.1 4 + o.e 

0.1 0.S OJ 03 OJ 4 + + 
^ 

o.t 0.( 0.4 0.* 0.2 4 + f 
02 IS ai 0.7 0.7 OJ ai / 4.1 

0.3 It u 12 10 0» 0.4 0.2 V 
/ 

«t 

0.4 J.J 2.2 L5 u It 13 0.4^ *f^ + ♦ 12.2 

+ 10 J.l 1.9 7M 13 J.0 Xf tT 0.7 03 + 4 «7 

0.4 2J 11 2.S, i>- sT 11 2.7 ii ta O.t 0.2 ■♦• t 2«.t 

°i- 0:^ JT 1.2 2J 3.9 3Ji 11 19 2.1 CB 02 + 4- + 2S.7 

o.s a.« S.7 7.4 ej  117 U.9 M.3 10.4 12.5 7« 11 LI OJ + 100.<{ 

J.2   4.8  8.3   7.9   88   9 7 W.9 12.4 13.8 15.0 16.4 W.O 20.022.525.7TOTALS 
MOOAL W«/E PERIOD (SEC) 

Figure A-088-1-1 Significant Wave Height vs. 
Modal Wave Period 
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Figure A-148-2-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-188-5-5 Significant Wave Height vs. 
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Average Wave Period 

24.0 

.?2.0 

20.0 

16.0 

wo 

u.o 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

101ALS 

AtHlU. > 0M« IWJ '9"t turn. 1$   U64* 

♦• + 

+ + ♦ 

f + f 4 + 

•• t- ♦ *■ ♦ + ♦ OJ 

♦ + 0.1 0.3 0.4 0.4 0,1 ♦ + 14 

4- 0.1 0.4 U 13 za 2J la 0.1 + 9.0 

0.2 0.0 2.4 3.0 1.0 S.« 4.3 3Ja la * *■ 301 

IS 2.6 s.7 6.7 74 iS 34 ^i 17 04 0.1 •f- 38.6 

o.a 3J 50 3.0 2.3 11 1.4 0.7 04 04 0.1 0.1 ♦ ■ + 19.2 

0.1 t 0.2 a2 ♦ 0.2 + t ♦ ^ ♦ 11 

0.1 0.2 4.< &0 t.7 13.7 M.0 ta.2 10.4 V2 74 xt 04 0.1 + 100.( 

J.3   4.8  6.3   7.S   8.6   9.7 10.9 12.4 13.8 15.0 16.4 1B.0 20.022.53S.7TOTALS 
MODAL WAVE PERIOD (SEC) 

Figure A-202-1-8 Zero Crossing Period vs. 
Modal Wave Period 

A-529 



?*.o 

22.0 

20.0 

la.o 

(SO 

M.O 

12.0 

10.0 

e.o 

6.0 

4.0 

2.0 

0.0 

tOIALS 

ttnrn msi m t9ML tMfus m*» 

*■ 4 

*■ + ♦ 4 

♦• + * 4 

*■ + + 4 4 

♦ *■ 0.1 0.1 ■f t 0.4 

+ 0.1 OJ 0.S 0.0 0.6 0.1 + 3.8 

♦ a2 0.t 2.1 3.0 4.1 3.1 14 •» ••• 14.3 

* a3 12 3.6 6.6 0.4 S.I 3.6 2.2 1.1 ♦ 4- 33.1 

U 4.1 «.• a.8 5.7 3.7 16 IS 12 0.2 0.1 + ♦ 35.3 

0.2 J.1 Xi ts 1.4 11 o.a 0.4 0.4 OJ *■ 4 12B 

o.t f 0.2 at + 0.2 ^ •»■ t ♦ ♦• ■¥ 0.0 

0.1 0.2 4.1 ao •.7 117 M.0 16.2 ».4 10.2 7J 3.* 0.6 0.1 4 100.( 

3.2  4.8  6.3   7.5   8.6  9.7 10.9 13.4 13.8 19.0 16.4 Ifl.O 30.022.52S.7TOTALS 
UOOAL W/VE PCRIOO (SEC) 

Figure A-202-1-9 Average Wave Period vs. 
Modal Wave Period 
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Modal Wave Period 
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Figure A-202-3-5 Significant Wave Height vs. 
Wind Speed at 10 M (Knots) 
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Figure A-202-3-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-4/121-4-6 Significant Wave Height vs. 
Zero Crossing Period 
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Figure A-4/121-4-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-4/121-4-8 Zero Crossing Period vs. 
Modal Wave Period 
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Figure A-4/121-4-9 Average Wave Period vs. 
Modal Wave Period 
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Figure A-4/121-5-1 Significant Wave Height vs. 
Modal Wave Period 
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Figure A-4/121-5-2 Significant Wave Height vs, 
Wind Speed at 19.5 M (Knots) 
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Figure A-4/121-5-3 Significant Wave Height vs. 
Primary Wave Direction 
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Figure A-4/121-5-'5 Significant Wave Height vs. 
Wind Speed at 10 M (Knots) 
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Figure A-4/121-5-6 Significant Wave Height vs. 
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Figure A-4/121-5-7 Significant Wave Height vs. 
Average Wave Period 
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Figure A-4/121-5-8 Zero Crossing Period vs. 
Modal Wave Period 
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Figure A-4/121-5-9 Average Wave Period vs. 
Modal Wave Period 
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APPENDIX B , 

DATA FORMAT DESCRIPTION 

Appendix A contains some of the following natural environment data distribu- 

tions for each respective geographic location: 

I.  Surface Natural Environment Summary 

II.  Waves and Wind ■.   ' 

a.  Significant wave height versus modal wave period       . 

h.  Significant wave height versus wind speed at 19.5 meters 

c. Significant wave height versus primary wave direction 

d. Wind speed versus wind direction ,      ,. 

e. Significant wave height versus wind speed at 10 meters 

f. Significant wave height versus zero crossing period 

g. Significant wave height versus average mean period 

h.  Modal wave period versus zero crossing period 

i.  Modal wave period versus average mean period 

III.  Persistence ,^  / - 

j.  Persistence of wave height ' - 

k.  Persistence of wind speed 

Surface Natural Environment Siimmary and persistence data are presented for annual 

season only.  Data sets a through k ahove correspond to data sets 1 through 11, as 

presented in Figure B-1, respectively. 

Each figure in Appendix A is identified hy a code as detailed in Figure B-1. 

A "standard" format has been adhered to for each environmental parameter at 

each ocean location.  They are described in the following paragraphs and these 

descriptions should be referred to in interpreting the data presented in Appendix A. 

I.  SURFACE NATURAL ENVIRONMENT SUMMARY . , 

This table, given for individual ocean or sea areas, summarizes the total 

natural environment by listing mean, median, most probable, minimum, and maximum 

values for the various environmental parameters.  Ninety-five percent of all 

natural environment values exceed minimum values, while 5 percent of all natural 

enviroment values exceed maximum values.  Thus, 90 percent of all values fall 

within the minimum to maximum value range.  The median is the value where above or 

below lie an equal number of all parameter values.  The mean is the average of all 

values, while the most porbable is the one which occurs most often.  Together, 
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these parameters provide an idea of the "shape" of the distribution of occurrences. 

For example, if the most probable value is less than the mean, the distribution of 

occurrences is skewed to the lower values.  If the most probable value is greater 

than the mean, the distribution of all occurrences is skewed to the higher values. 

If the most probable and mean values coincide, the distribution of occurrences may 

be of the normal type. i 

II. WAVES AND WIND I 

Data sets a through i present the percentage frequency of occurrences for 

various combinations of atmospheric and oceanographic parameters.  The number in 

each square is the percentage frequency of occurrences for that particular com- 

bination of parameters indicated at that intersection of the ordinate and abscissa. 

The right column and bottom row of each graph present the cumulative totals for 

each respective row and column.  As an example, in Figure A-Pac-1-1, the following 

information can be obtained:  (l) 5*8 percent of the data had a combination of T«5 

second modal wave period and 1 to 2 meter significant wave height, (2) 10.6 percent 

of significant wave heights had modal wave period of 7.5 second, (3) 29.^ percent 

of all significant wave heights were between 1 and 2 meters, and {h)   these events 

were out of a total of 283,005 samples. 

III. PERSISTENCE 

Data sets j and k present the persistence or duration of wave height (data set 

j) and wind speeds (data set k) in terms of occurrences within a range of hours (in 

6 hour increments).  Again, totals are given in the right column and bottom row. 

As an example, in Figure A-028-1-10, the following information can be obtained: 

(l) a significant wave height of 5 to 6 meters persisted for a period greater than 

12 hours in 131 cases, (2) a significant wave height of 5 to 6 meters occurred for 

a total of 63H events, and (3) these events were out of a total of 556l events. 
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SAMPLE FIGURE NUMBER FIGURE A - 255 - 1 _ 1 

GR 

I 
DATA SET NUMBER 

SEASON 
D POINT 

OCEAN AREA 

Ocean 

A-North Pacific 

Grid Point 

PAC 
(COMBINED) 

1/239 
1/255 
I/29U 
2/85 
2/93 
2/102 
2/152 
2/165 
2/233 
3/28 
3/56 
3/39 
3/88 
3/93 

.. 3/121 
3/12U 
3/1U8 
3/l61» 
3/188 
3/202 
H/121 

Season 

1-Combined 
2-Winter 
3-Spring 
It-Svumner 
5-Fall 

Annual 

Data Set Number 

1. Height versus Modal Period. 
2. Height verus Wind Speed at 19.5 m 
3. Height versus Wave Direction 
k. Wind Speed versus Wind Direction 
5. "Height versus Wind Speed at 10 m 
6. Height versus Zero Crossing Period 
7. Height versus Mean Period 
8. Modal Periods versus Zero 

Crossing period 
9. Modal Period versus Mean Period 

10. Persistence of Wave Height 
11. Persistence of Wind Speed 

Figure B-1 - Figure Number Coding System 

B-4 

k~ 



i *• '^ 

DTNSRDC ISSUES THREE TYPES OF REPORTS ! 

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH 
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF 
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT. 

I .      . 
2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM 

INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE. 
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION. 

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION 
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN- 
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE 
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC 
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE 
BASIS. 
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