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PREFACE

Data and data summaries presented herein were collected during 1982 and
compiled at the US Army Engineer Waterways Experiment Station (WES) Coastal
Engineering Research Center's (CERC's) Field Research Facility (FRF) in Duck,
N. C. This report is the fourth in a series of annual FRF data summaries
carried out under CERC's Waves and Coastal Flooding Program.

The report was prepared by Mr. Herman C. Miller, oceanographer, under
direct supervision of Mr. Curtis Mason, Chief, FRF Group, Engineering Devel-
opment Division. Mr. Michael W. Leffler, Civil Engineering Technician, as-
sisted with data collection and analysis; Mr. William E. Grogg, Jr., Elec-
tronics Technician, assisted with instrumentation; and Mr. Stephen C. Wheeler,
Computer Specialist and Mr. C. Ray Townsend III, Amphibious Vehicle Operator,
assisted with data collection.

This report was prepared under general supervision of Dr. James R.
Houston, Chief, CERC; Mr. Charles C. Calhoun, Jr., Assistant Chief, CERC; and
Mr. Thomas W. Richardson, Chief, Engineering Development Division.

The National Oceanic and Atmospheric Administration/National Ocean
Services maintained the tide gage and provided tide statistics for summariza-
tion. Special thanks are extended to Mr. Robert T. Battalio and Ms. Susan C.
Scott who spent many hours at the computer terminals reducing the data. This
report was edited by Ms. Shirley A. J. Hanshaw, Publications and Graphic Arts
Division, WES.

Director of WES during the publication of this report was COL Allen F.
Grum, USA; Dr. Robert W. Whalin was Technical Director.
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o CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

e ) (metric) units as follows:

Multiply By To Obtain
acres 0.4046873 hectares
w feet 0.3048 metres

iy inches 2.54 centimetres

a

' v Pd
T Yo/

o

P K

millibars 100.0 pascals
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ANNUAL DATA SUMMARY FOR 1982
CERC FIELD RESEARCH FACILITY

PART I: INTRODUCTION

1. The US Army Engineer Waterways Experiment Station (WES) Coastal En-
gineering Research Center's (CERC's) Field Research Facility (FRF) located on
176 acres* at Duck, N. C. (Figure 1), consists of a 561-m-long research pier
and accompanying office and field support buildings. The FRF is located near
the middle of Currituck Spit along a 100-km unbroken stretch of shoreline ex-
tending south from Rudee Inlet, Va., to Oregon Inlet, N. C. It is bordered by
the Atlantic Ocean to the east and Currituck Sound to the west. The Facility
is designed to (a) provide a rigid platform from which waves, currents, water
levels, and bottom elevations can be measured, especially during severe
storms; (b) provide CERC with field experience and data to complement labora-
tory and analytical studies and numerical models; (c) provide a manned field
facility for testing new instrumentation; and (d) serve as a permanent field
base of operations for physical and biological studies of the site and adja-
cent region.

2. The research pier is a reinforced concrete structure supported on
0.9-m-diam steel piles spaced 12.2 m apart along the pier's length and 4.6 m
apart across the width. The piles are embedded approximately 20 m below the
ocean bottom. The pier deck is 6.1 m wide and extends from behind the dune
line to about the 6-m water depth contour at a height of 7.8 m above National
Geodetic Vertical Datum (NGVD). The pilings are protected against sand abra-
sion by concrete erosion collars and against corrosion by a cathodic system.

3. An FRF Measurements and Analysis (FRFMA) program has been estab-
lished to collect basic oceanographic and meteorological data at the site, re-
duce and analyze these data, and publish the results.

4, This report, the fourth in a series of annual reports, summarizes
the data collected during 1982. Data for 1977-79 are summarized in Miller
(1982), for 1980 in Miller (1984), and for 1981 in Miller, et al. (1985). De-
scriptions of the instrumentation, including sensor calibration and mainte-

nance (Part III) and data collection and analysis procedures (Part IV)

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 8.
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Xy precede reporting of the data (Part V). Appendixes A-D present, respectively,
iﬁ' the following material: Waverider buoy maintenance and calibration
information, wave data, survey data, and storm data. Although this is

intended as a stand-alone document, details for some procedures and instrumen-

KX tation are given in the references.
2
%? 5. Future annual reports will have approximately the same format.
¥
N Readers' comments on the format and usefulness of the data presented are
‘ encouraged.
fq 6. In addition to the annual reports, monthly data reports summarizing
;5; the same types of data shortly after they are collected are available from:
K Chief
CERC Field Research Facility
o SR Box 271
? Kitty Hawk, North Carolina 27949
b
ﬁ 7. The CERC Coastal Engineering Information and Analysis Center (CEIAC)
. is responsible for storing and disseminating most of the data presented or al-
: luded to in this report. All data requests should be in writing and addressed
o to:
35 Commander and Director
US Army Engineer Waterways Experiment Station
ATTN - CEIAC

k) PO Box 631
s‘ Vicksburg, Mississippi 39180-0631
B

Tidal data other than the summaries in this report should be obtained directly
U
e from:
b
[
4; Tide Analysis Branch
R National Ocean Services
- Rockville, Maryland 20850
[ ¥
$J A complete explanation of the exact data desired for specific dates or times
}3 will expedite filling any request; an explanation of how the data will be used
?ﬂ will help CEIAC or National Ocean Services (NOS) determine if other relevant
e data are available. For information regarding the availability of data, con-
E;. tact CEIAC at (601) 634-2017. Costs for collecting, copying, and mailing will
{
s be borne by the requester.
X
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‘i%s PART II: CLIMATOLOGICAL SUMMARY

S

o Climate

?59‘ 8. The FRF enjoys a typical marine climate which moderates the ex-

aﬁﬁ tremes of both summer and winter. During the warmest month, July, the daily
34& highest temperature averages 30° C. Ocean water surface temperatures tend to
r be lowest in January and February, averaging less than 5° C, and highest dur-
ﬁ?ﬁ ing August and September, averaging over 20° C.

:%g 9. Precipitation is generally well distributed throughout the year,
ifﬁ averaging 1,035 mm annually. Precipitation from midlatitude cyclones predom-
- inates in the winter, while local convection (thunderstorms) accounts for most

)gsﬂ of the summer rainfall.

:ﬂﬁ‘ 10. Winds at the FRF are dominated by tropical air masses which create
ﬁkg low to moderate warm southern breezes, arctic air masses which produce cold

w winds from northerly directions, and smaller scale cyclonic low pressure sys-

ﬁ}!{ tems which originate either in the tropics (and move north along the coast) or

§¥Q inland (and move eastward offshore). The dominant wind direction changes with

26

season, being generally from northern directions in the fall and winter and

from southern directions in the spring and summer. The annual resultant wind

e
-

;&kj direction is from the northwest. It is common for fall and winter storms
& M (northeasters) to produce winds with average speeds in excess of 15 m/sec.
&,; Although the portion of the North Carolina coast in the vicinity of the FRF
- experiences a fairly low frequency of occurrence of direct hurricane strikes
Fﬁﬁ’ (on the average of once every 42 years), more frequent near-misses can cause
'E:‘:‘t' high wave conditions at the FRF.
oy

| Waves
bt
iﬁ% 11. Wave directions at the FRF, as with winds, are seasonally distrib-
:f@‘ uted. Waves tend to approach most frequently from north of the pier in the

- fall and winter and south of the pier in the summer; whereas, annually they

?Q " are evenly distributed between north and south. Storm waves, however, ap-
fﬁg proach two-to-one more frequently from the north.
‘%ﬂu 12. The annual mean significant wave height (measured at the seaward

L end of the FRF pier) is 0.9 m, with a standard deviation of 0.6 m. Wave

jt?i'l 12
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B

- heights in excess of 2 m can be expected to occur 7 percent of the time or
$ 600 hr per year.
X 13. Wave periods generally vary between 6 and 12 sec. The annual mean
. peak spectral period is 8.5 sec with a standard deviation of 2.9 sec. Wave
? periods tend to be longest during the fall and shortest during the summer.
)
A
;' Nearshore Currents
ﬁ 14. Surface current speed and direction at the FRF are influenced by
iy Wwinds, waves, and, indirectly, bottom topography. The extent of the respec-
g tive influence varies daily. However, winds tend to dominate the currents at
? the seaward end of the pier, while waves dominate within the surf zone. The
fi effect of the bottom topography is such that, under certain conditions (e.g.,
& near shore-normal wave angles), rip currents develop which interrupt the gen-
§ eral flow of the alongshore current. A trough located under the seaward half
: of the pier is a preferred location for such currents. Longshore currents
fj tend to be directed southward during the fall and winter and northward during
4: the spring and summer.
X
Tides and Water Levels

s 15. Ocean tides at the FRF occur in the usual semidiurnal pattern with
o a range of 1.0 m. Highest water levels generally are associated with strong

and persistent onshore winds and high waves. Storm surges have resulted in a
3 maximum 1.5-m water level (NGVD). Water levels in Currituck Sound are wind-
. dominated rather than tidal, being low when winds are northeasterly and high
£ when they are southwesterly.
:3 Bathymetry
b,
ﬁ: 16. Nearshore bathymetry at the FRF is characterized by regular shore-
;! parallel contours, a moderate slope, and a single bar with a second, smaller,
aﬁ nearshore bar occasionally appearing. This pattern is interrupted in the im-

mediate vicinity of the pier where a trough runs under much of the pier ending
K in a scour hole (with depths up to 3.0 m greater than the adjacent bottom) at
the pier end.
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NSy Sediment Size

if.e:' 17. Across the dune and beach face, sediments are generally medium
sized and moderate to well sorted. At the beach step, sizes are very coarse
,'4 M and moderate to poorly sorted; and offshore, the sediments are increasingly

Yy s; fine and well sorted.
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PART III: INSTRUMENTATION

18. This section identifies the instruments used for monitoring oceano-
graphic and meteorological conditions and briefly describes their design, op-
eration, and location. More detailed explanations of the instruments may be
found in Miller (1980). Equipment used for other types of data collection,
such as the surveying system, is not generally discussed; however, references

are provided in Part 1IV.

Wave Gages

Baylor wave staff gages
19. Two parallel cable inductance wave gages, manufactured by the

Baylor Company, Houston, Tex., are mounted on the FRF pier: gage 615
(sta 6+20) and gage 625 (sta 19+00) (Figure 2). These gages are rugged and
reliable; and they require little maintenance, except to keep tension on the
cables and remove any material which may cause an electrical short between
them. They are calibrated prior to installation by placing an electrical
short between the two cables, at known distances along each, and by noting the
voltage output. Electronic signal conditioning amplifiers are used to ensure
that the output signals from the gages are within a 0- to 5-V range. Gage
accuracy is about 1 percent, with a 0.1 percent full scale resolution. These
gages are susceptible to lightning damage, but protective measures have been
taken to minimize such occurrences.
Waverider buoy wave gages

20. Two Waverider buoy gages (610 and 620) were positioned offshore at
0.6 and 3 km, respectively, from the monumentation baseline (Figure 2). These
gages, manufactured by the Datawell Laboratory for Instrumentation, Haarlem,
The Netherlands, measure the vertical acceleration produced by the passage of

a wave. The signal is doubly integrated to produce a displacement signal
which is transmitted by radio to an onshore receiver. The manufacturer states
that wave amplitudes are correct to within 3 percent of their actual value for
wave frequencies between 0.0654 and 0.5 Hz (15- to 2-sec wave periods).
However, calibration curves for buoys used at the FRF indicate that the wave
heights reported in the results section of this report for wave periods less

than 15 sec average about 7 percent less than actual values. For wave periods

15
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Figure 2. FRF gage locations
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‘; in excess of 15 sec, this error increases with wave period. The manufacturer
" specifies that the error can increase to 10 percent for wave periods in excess
_:.:.‘ of 20 sec. Calibration results show errors as large as 15 percent are pos-
~ sible for the very long wave periods. The buoys were calibrated without the

mooring system used during deployment, which may introduce additional errors
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of unknown magnitude. However, a comparison of the buoy located at 0.6 km to
the Baylor staff wave gage at the seaward end of the pier (approximately the
same distance offshore) showed very good agreement. For most engineering
applications, a 7 percent error is tolerable; however, a correction procedure
is described in Appendix A which will allow the calibration error to be

improved up to ! percent.
Tide Gage

21. Water level data were obtained from a National Oceanographic and
Atmospheric Administration (NOAA)/NOS control tide station (No. 865-1370),
located at the seaward end of the research pier, using a digital tide gage
manufactured by Leupold and Stevens, Inc., Beaverton, Oregon. The Leupold-
Stevens analog-to-digital recorder is a float-activated, negator-spring,
counterpoised instrument that mechanically converts the vertical motion of a
float into a coded, punched paper tape record. The below-deck installation at
pier sta 19+60 (Figure 2) consisted of a 30.5-cm-diam stilling well with a
2.5-cm orifice and a 21.6-cm-diam float.

22. This tide gage was checked daily for proper operation of the punch
mechanism and accuracy of the time and water level information. The accuracy
was determined by comparing the gage level reading to a level read from a ref-
erence electric tape gage. Once a week, a heavy metal rod was lowered down
the stilling well and through the orifice to ensure free flow of water into
the well. During the summer months when biological growth was most severe,
divers inspected and cleaned the orifice opening as required.

23. Quarterly, a NOAA/NOS tide field group, which consisted of NOS per-
sonnel familiar with the installation and equipment, performed a tide station
inspection and review. The tide gage elevation was checked using existing NOS
control positions, and the equipment was checked and adjusted as needed. NOS
and FRF personnel also reviewed procedures for tending the gage and handling
the data. Any specific comments on the previous months of data were discussed

to ensure data accuracy.

Meteorological Instruments

Anemometer
24, Prior to 30 March 1982, winds were measured using a NOAA/National

Weather Service (NWS) Model FU420C anemometer consisting of a cup rotor and

17
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3 spread-tail wind vane located on the top of the laboratory building at an
5 elevation of 19.1 m (Figure 2). The accuracy of the speed transmitter and in-
% dicator assemblies was 1 percent up to 100 m/sec and 2 percent over 100 m/sec.
The wind direction transmitter and indicator assemblies were accurate to
2 +5 deg at an air speed of 0.26 m/sec or greater.
.ﬁ 25. The wind speed and direction were recorded on a battery-powered
f Esterline-Angus recorder. Problems with the recorder's clock, tape advance
mechanism, and pen actuator (for indicating direction) were found, and the
N unit required frequent maintenance.
26. On 30 March, the system was replaced with a Skyvane Model W102P
N anemometer manufactured by the Weather Measure Corporation, Sacramento,
Calif. Wind speed and direction were recorded continuously on an MFE Corpora-

" tion, Salem, N. H., two-channel chart recorder and were incorporated into the

automated data collection and analysis program using the computer. The ane-

; mometer, calibrated at the National Bureau of Standards in Gaithersburg, Md.,

{ showed an accuracy of +1 percent below 11 m/sec and +3 percent above 11 m/sec.

N Microbarograph

E 27. A recording aneroid sensor (microbarograph), used to measure atmo-

': spheric pressure, responded to pressure changes on the order of 0.169 mb.
Microbarographs manufactured by the Belfort Instrument Company, Baltimore, Md.

: (used before 9 April 1982), and Weathertronics Incorporated, Sacramento,

.j Calif., were located inside the laboratory building, 9 m above NGVD.

E; 28. The microbarograph was compared daily to an NWS aneroid barometer,
and adjustments were made as necessary. Maintenance of the microbarographs

e consisted of inking the pens, changing the chart paper, and winding the clocks

every 3 or 7 days for the instruments used before 30 March or after,
: respectively.
29. An electronic atmospheric pressure sensor with analog output, manu-
b factured by Yellow Springs Instruments Company, Inc. (YSI, Inc.), Yellow
Springs, Ohio, was installed in the building in late February and included in
the automated data collection program. Data from this gage were compared with

; the microbarograph once a week to ensure proper operation of the instruments.

> Air temperature
s thermometers--maximum/minimum

30. NWS maximum and minimum thermometers were used to determine the
daily extreme air temperatures. The thermometers were housed in an NWS

18




instrument shelter located 43 m behind the dune (Figure 2). The shelter was
designed with lcuvered sides, 4 double roof, and a slatted bottom for housing

instruments requiring protection from direct sunlight (Figure 3).

Figure 3. Louvered instrument shelter (background)
and rain gages (foreground)

31. The actual temperature readings at the time the thermometers were
read (i.e. the present temperature) were compared to ensure accuracy of the
maximum and minimum values. Maintenance consisted of periodic removal and
cleaning with soap and water and lubricating the Townsend support used to hold
and reset the instruments.

Rain gage

32. A 30-cm weighing rain gage manufactured by the Belfort Instrument
Company, Baltimore, Md., used to measure the daily amount of precipitation,
was located near the instrument shelter 46 m behind the dune (Figures 2 and
3). The manufacturer's specifications indicated that the instrument accuracy
was +0.5 percent for precipitation amounts less than 15 cm and +1.0 percent
for amounts above 15 cm.

33. A 15-cm-capacity "true check" clear plastic rain gage with a
0.025-cm resolution, manufactured by the Edwards Manufacturing Company,
Alberta Lea, Minn., was used to monitor the performance of the weighing rain

gage. This gage, located near the weighing gage (Figure 3), was checked

19
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daily; and very few discrepancies were identified throughout the year. The

; weighing rain gage required little maintenance except to wind the clock and

R ink the pen.
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;" PART IV: DATA COLLECTION AND ANALYSIS

\)

i}

R

N Wwave Data

I Acquisition system

?s 34, The primary data acquisition system was a Data General Corporation
ﬁ (Westboro, Mass.) NOVA-4 mini-computer located in the FRF laboratory building.
L)

The backup system consisted of a Lockheed Electronics Company, Inc. (Plain-
field, N. J.), 7D FM tape recorder which was used infrequently to record data
‘ when the primary system was not operational.
¥ Collection

35. The signals from the gages were routinely sampled four times per
b second for 20 min every 6 hr beginning as near as possible to 0100, 0700,
& 1300, and 1900 hours Eastern Standard Time (EST); these hours correspond to
W: the time that the NWS creates daily synoptic weather maps. During storms,
4 hourly data recordings were made. Prior to collection, each gage signal was
first amplified and biased to ensure a 0- to 5-V-range. However, since the
backup FM recorder operated on a maximum output of 3 V, the signal was lin-
W early scaled by a factor of 3/5 when the backup recorder was used. The analog

signals were converted to digital form prior to analysis.

B 36. Data were recorded on 9-track magnetic tapes having the following
format: two header records of information were written, including (a) the
i sensor identification number; and (b) the date, time, calibration, and signal
bias factors, followed by 13 records of data for each 20-min recording in-
terval. Each data record contained 384 data values in a binary format such

that each value represented the computer units corresponding to the instanta-

PAE

K neous voltage output of the sensor. The above sequence of 15 records per file
. was repeated for each sensor and recording interval until the data tape was
N filled (600 to 700 files total per tape).

f Digital analysis/
2 summarization procedures

37. Thompson (1977) and Harris (1974) describe the procedure used for
analyzing and summarizing the digital wave data contained in this report. The
procedure is based on a Finite (fast) Fourier Transform (FFT) spectral analy-
sis of 4,096 data values (1,024-sec recordings sampled at 4 Hz) for each file
processed.

% 21

p

i

E e e e e e L L o o PRI . o - . [ -t A At At Y AT e .-
." 1 ! 3 - " ! »* ) Ly h
‘o‘?*\ .‘x“.h ?" A o"h .'- & o ; Y ) b ; LWL S




‘e .y
: AV Ar S L

P i e I )
.

IS T i

P
---q‘

- -
> o e
-y wh pi b

»
[

X0k

)
s
Ve r

a

AETARA

)

38. The program computes the first five moments of the distribution of
sea surface elevations. It then edits the digital data file, checking for
data points out of the 0- to 5-V range and "jumps" and "spikes". A jump is
defined as a data value in excess of 2.5 standard deviations from the previous
data value, while a spike is a data value 5 standard deviations or more from
the mean. If less than 5 jumps or spikes in a row are found, the program lin-
early interpolates between acceptable data and replaces the erroneous data
values. If more than 5 jumps or spikes in a row or a total of 100 bad data
points for the file are found, the program stops interpolation and further
editing, analyzes the data, and prints a flag indicating there is a problem
with the file. If the variance is less than 0.001 m2, the record is not anal-
yzed. After editing, the first five moments of the distribution of sea sur-
face elevations are again computed. A cosine bell data window was applied to
increase the resolution for the energy spectrum of the file; use of the data
window is discussed by Harris (1974). After application of the data window,
the program computed the variance spectrum (energy spectrum) using the FFT
procedure. After the data files were analyzed, the results were eliminated
for files that were flagged as bad or appeared inconsistent with simultaneous
observations from nearby gage sites. Frequently, the spectrum and/or distri-
bution function of sea surface elevations were examined to determine if the
data were acceptable. After the analysis results were edited, monthly sum-
maries of wave heights and periods were generated for inclusion in summary
reports.

39. Unless otherwise specified, "wave height" means the energy based
parameter Hm defined as four times the standard deviation of the sea

o
surface elevations.

40. The wave period T is defined as the period associated with the

maximum energy in the spectruﬁ. This is resolved by partitioning the spectrum
into frequency bands of equal width and finding the band with the maximum
energy density. The period reported is the reciprocal of the center frequency
(e.g., Tp = 1/frequency), of the spectral band. Since the spectral bands are
of equal frequency width, namely 0.010742 Hz (e.g., 11/1,024 sec), the
analysis provides uniform resolution in frequency. However, the resolution in
period is not uniform, since the period intervals become larger for lower
frequencies. Due to the convention of reporting the period at the center of

the interval, only a discrete set of period values is possible (Table 1).
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o Table 1

Spectral Band and Peak Period Specifications

K Period

A Upper Limit Corresponding Associated with

. Band of Frequency Period, Lower Center Frequency Periods Not
W Number Band, Hz Limit of Band, sec of Band, sec Reported, sec
o 6 0.064 15.52 17 15, 16
S 7 0.075 13.30 14 13

' 8 0.086 11.64 12

y 9 0.097 10.34 "

H 10 0.107 9.31 10

o 1 0.118 8.46 9

& 12 0.129 7.76 8

13 0.140 7.16 7

& 14 0.150 6.65 7

& 15 0.161 6.21 6

1)

3 16 0.172 5.82 6

B 17 0.183 5.48 6

£ 18 0.193 5.17 5

. 19 0.204 4.90 5

3

?, The wave periods used in this report have been rounded to the nearest second

before summarization. Certain period values do not occur in the results,

.

i.e., 13, 15, and 16 sec. During October through December 1980, a different

A
»_ v

analysis program was used which utilized the same FFT analysis technique but
allowed all periods to be reported. This was accomplished by searching for
the band (still 11/1,024 Hz wide) with the maximum energy by letting the band

SN s

'j occur anywhere in frequency instead of rigidly partitioning the spectrum,

@j sometimes referred to as a "floating" frequency band search.

j 41, Summarizing, only a discrete set of period values is possible with
) the standard analysis. When the data are summarized into equal width period
™ intervals, the results show a false absence of wave periods of 13, 15, and

3 16 sec. However, some of these values were reported for data between October
~; and December 1980. Complete information about the energy contained in all

i frequency bands can best be obtained by inspecting the full spectrum, examples
$ of which are included in this report for all storm wave conditions during

) 1982.
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reett Water Level Data

i

KRN Collection

. 42. The water level information was obtained from a NOS tide gage which
ﬁﬁ? produced a digital paper tape of instantaneous water levels sampled continu-
;%i ously at 6-min intervals. At the end of each month, the paper tape was re-
~§¥' moved from the recorder and mailed to NOS in Rockville, Md. for analysis.

) Analysis

:5?‘ 43. The digital paper tape records of tide heights taken every 6 min
3\: were analyzed by the Tides Analysis Branch of NOS. A Mitron interpreter cre-
éﬁf ated a digital magnetic computer tape from the punch paper tape, which was

then processed on a Univac 732 computer. First, a listing of the instantan-

ff‘» eous tidal height values was created for visual inspection. If errors were
Eg: encountered, a computer program was used to fill in or recreate bad or missing
g': data using correct values from the nearest NOS tide station and to account for
;‘ﬁ known time lags and elevation anomalies. The data were plotted, and a new

}ii listing was generated and rechecked. When the validity of the data had been
-{Eﬁ confirmed, monthly tabulations of daily highs and lows, hourly heights (in-
%3:; stantaneous height selected on the hour), and various extreme and/or mean

o water level statistics were computed. The monthly or annual mean sea level
f“' (MSL) reported is the average of the hourly heights, while the mean tide level
f 1 (MTL) is midway between mean high water (MHW) and mean low water (MLW).
ot

f;‘ Meteorological Data

30N

i%% 4Y4. Each instrument used for monitoring the meteorological conditions
QE: at the FRF was read and inspected daily. For those instruments with analog

i chart recording capabilities, (a) the pen was zeroed (where applicable);

'?&& (b) the chart time was checked and corrected; and (c) a daily reading was

$$ marked on the chart for reference, if necessary; (d) the starting and ending
Ljﬁ chart times were recorded, as necessary; and (e) new charts were installed

f I when needed. Samples of the chart records for the microbarograph (atmospheric
,?i pressure in millibars) and rain gage (in inches) are shown in Figure 4.

(ié 45. High and low temperature values, read daily directly from the

Ltﬁ instruments, represent the extreme temperature values since the last reading.
N 46. Atmospheric pressure values measured by the electronic instrument
o

O
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\ Figure 4. Sample rain gage and microbarograph chart records
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were collected simultaneously with wave data (routinely every 6 hr and hourly
during storms).

Wind Data

Collection

47. Prior to 30 March 1982, wind speed and direction were continuously
recorded on chart records. After that date, the analog signal was interfaced
to the computer, and wind and wave data were collected simultaneously.
Analysis

48. The wind conditions prior to 30 March 1982 were determined by esti-
mating the average speed and direction values from 10-min sections of the
chart records four times per day. After 30 March, mean wind speed and direc-
tion were computed from 20-min digital data samples.

49. Annual, seasonal, and monthly joint probability distributions of
wind speed versus direction were computed. Wind speeds were resolved into
1-m/sec intervals, while the directions were at 22.5-deg intervals, i.e.,
16-point-compass-direction specifications. These distributions are presented
as wind "roses". The length of the "petal" represents the frequency of wind
blowing from the specified direction, and the width of the "petal" is indica-
tive of the speed in 3-m/sec intervals. Resultant directions and speeds were
also determined by vector averaging the data.

Visual Data

50. Daily visual observations were made near 0700 hours to supplement
instrumented data collection. These include observations of surface current
speed and direction at (a) the seaward end of the pier, (b) the midsurf posi-
tion of the pier, and (¢) the beach 500 m updrift of the pier. Surface cur-
rents were determined by observing the movement of dye on the water surface.
Also measured were the wave approach angle at the seaward end of the pier, the
breaker angle, and the breaker type nearshore.

Bathymetric and Pier Surveys

Collection
51. Profiles were obtained monthly and after storms using the Coastal
Research Amphibious Buggy (CRAB), a 10.7-m-tall amphibious tripod, and a Zeiss
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Ko Elta-2 total station surveying system described by Birkemeier and Mason
;g‘ (1984). Each profile extended seaward from the baseline behind the dune to a
:%; water depth of about 10 m, within 0.6 km north and south of the FRF pier.

Their locations are shown in Figure C1. The survey accuracy was +3 cm
o horizontally and vertically. Soundings along both sides of the FRF pier were
X included. The technique consisted of lowering a weighted measuring tape to
'k the bottom and then recording the distance below the established pier deck

elevation, Measurements were made midway between the pier pilings to minimize

ﬁ errors due to scour near the pilings.
48 Analysis

1S 52. The pier, beach, nearshore, and offshore data were reduced to posi-
tion (X,Y) and depth (Z) triplets relative to established monumentation and
NGVD, respectively. The data were listed, and a display of the profiles (i.e.
3 distance along the range versus elevation) were generated for visual inspec-
tion. After the data were edited, another set of routines was used to compute
% contour diagrams of the bottom topography and time sequences of bottom eleva-
tions at selected locations along the pier.

Oy Sediment Data

if Collection

. 53. Sediment data were not collected routinely at the FRF during the

%) year. However, a sediment survey was conducted in March, and sediment samples

were obtained along a shore normal profile line located 517 m south of the

pier in October. Between 14 and 19 March, a graduate class from the Univer-

§. sity of Virginia, led by Professor Robert Dolan in cooperation with the FRF

1% staff, examined the spatial variation of sediments across the littoral zone at
the FRF. Sediment samples (274) were collected and analyzed from 11 of the

% bathymetric survey profile lines and along the pier. The samples were col-

lected from the top of the dune to the 9-m depth contour. Onshore samples
were collected by hand, and care was taken not to penetrate more than 5 cm
deep. Ninety percent of the offshore samples were taken from the CRAB with a
gravity release clamshell device that could recover up to 1,000 g of bottom

s

sediment. 1In 10 percent of the sampling locations, the hard bottom prevented

P

proper operation of the clamshell, so a pipe dredge sampler was dragged along
the bottom.
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Analysis
54. Mean sediment sizes were determined by visually estimating the size

distribution of the sample by at least two analysts. Selected samples were

sieved to be sure the analysts were not introducing a bias; comparisons were
favorable. Size distributions presented in this report were based on sieved
samples. The FRF sediment characteristics were summarized by contouring the
mean grain size of the sand samples at 1/2-phi intervals.

Photographic Data

ferial

55. Quarterly aerial photographic missions were performed using a 9-in
negative format mapping aerial camera capable of black/white and color photog-
raphy. All coverage was at least 60 percent overlap, with flights flown as
close as possible to low tide between 1000 and 1400 hours with less than
10 percent cloud cover.

56. The photographs obtained on 7 February, 11 May, and 27 October were
concentrated near the FRF (Figure 5), while those obtained on 14 July also in-
cluded coverage from Cape Henry, Va., to Cape Hatteras, N. C.

Beach

57. Daily color slides of the beach were taken using a 35mm camera from
the same location on the pier looking north and south. The location from
which each picture was taken as well as the date, time, and a brief deserip-
tion of the picture were marked on the slides. An inventory is also

maintained.
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PART V: DATA AVAILABILITY AND RESULTS

58. Table 2 is intended as a quick reference guide to show the dates
for which various types of data are available, Wave gage histories which may
explain major gaps in the data are provided in Appendix B.

59. This part provides results of the weather, wave, surface current,
tidal, water characteristics, photographie, survey, and sediment measurements
made during the year. Although this report is intended to provide basic data
for analysis by users, many of the daily observations have been summarized by
month, season, or year to aid in interpretation. A discussion of the data and
a comparison with previous years are also presented. If individual data are
needed, the user can obtain the detailed information by following the pro-

cedures described in paragraphs 6 and 7.

Meteorological Data

60. This section summarizes meteorological measurements made at the FRF
in 1982. Appendix D (Storm Data) contains hourly wind speed and direction and
atmospheric pressure values during storm conditions.

Air temperature

61. The marine climate at the FRF moderates the extremes of both summer
and winter, as indicated by the mean monthly and annual high and low air tem-
peratures shown in Table 3. Based on 5 years of data, the average date of the
first freezing temperature is 3 December, while the average date of the last
is 18 March. The 1982 annual mean high temperature was 19.8° C, and the mean
low was 11.9° C, slightly warmer than in previous years.

Precipitation

62. Precipitation was reasonably well distributed throughout the year
at the FRF, averaging 95 mm per month (Table 4). May through July usually
tend to be high precipitation months, while September and October generally
are low. However, January and February were peak precipitation months during
1982. Total precipitation for 1982 was 133 mm above the annual average, and
two monthly maxima occurred.

Winds
63. Since local winds frequently control nearshore currents and wave

conditions, an understanding of the wind and wave climate at any coastal
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K Table 3
' Monthly and Annual Air Temperature Statistics

f%,: for 1982 and 1980-1981

oY Mean High, °C . Mean Low, °C .
;&a Month 1982 1980-1981 Maxima, C 1982 1980-1981  Minima, C
2§ Jan 8.1 7.7 20 -1.2 0.1 -14 (1982)
0 Feb 10.9 6.9 22 (1982) 3.7 -0.5 -1

Mar 13.0 12.3 24 g.g 3.5 -7 .

i Apr 16.9 20.6 30 . 11.3 -2 (1982)
i May 24.3 23.2 35 14.8 14.3 6 (1982)
a Jun 26.5 28.5 35 19.2 19.6 1

L0

o Jul 29.7 30.1 43 21.6 22.1 13

I - B B e

¥ ep . . . .

ENy

< Oct 20.8 20.6 29 13.5 12.4 4

W Nov 18.0 15.5 27 (1982)  10.6 6.8 -3

an Dec 15.1 11.2 25 (1982) 6.8 2.2 -12

WS Annual 19.8 19.2 11.9 11.0

F Y

o>

L

v Table U

,:: Precipitation Statistics*

Y 1982 1978-1981 1978-1982 _1978-1982 Extremes

l: : Month Total Mean Mean Maxima Minima
. Jan 112 105 106 180 45

;a;;;‘ Feb 127 69 80 127 (1982) 46

’ Mar 63 85 80 137 48

:.‘.y Apr 131 76 87 131 (1982) 46

el May 41 17 102 239 39

foat Jun 118 8l 91 130 60
pri Jul 77 109 103 200 64

o Aug 81 88 87 220 36

N1 Sep 142 52 70 160 5

8 Oct 47 49 49 73 25

. Nov 85 98 95 130 67
e Dec 118 77 85 127 47

K
15 Monthly Average 95 84 86
s, Annual 1,142 1,009 1,035
::l ;

0y
= * In millimetres.
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location is important to most studies of hydrodynamic and sedimentary pro-
cesses. In this section, wind characteristics at the FRF are discussed based
on measurements made four times per day.

64. Winds at the FRF are dominated by tropical air masses which create
low to moderate warm southern breezes, Arctic air masses which produce cold
winds from northerly directions, and small-scale cyclonic, low pressure, sys-
tems which originate either in the tropics (and move north along the coast) or
inland (and move east offshore) and are generally responsible for the stron-
gest wind speeds. The winds at the FRF are predominantly from northeast and
southwest due to the influence of these air systems.

65. Present year. Figure 6 shows the distribution of winds during 1982

as 40.6 percent blowing from north-northwest to east-northeast and 26.1 per-
cent from south-southwest to west-southwest. The annual resultant wind speed
was 0.8 m/sec with an associated north-northeasterly direction of 26 deg
(Table 5).

66. The dominant wind direction changed with season, such that during
January through March there was a mixture of northerly (arctic) and southerly
(tropical) winds with frequent cyclones. However, northerly directions out-
numbered southerly ones by two to one, while easterly and westerly directions
were approximately even (Figure 7). The resultant wind speed was 1.9 m/sec,
somewhat stronger than the annual resultant (Table 5). The resultant direc-
tion was 350 deg, indicating a strong northerly tendency and that western
winds slightly dominated eastern wind directions. Over 15 percent of the
time, the winds blew out of the north-northeast during this season. The wind
speeds were not particularly strong, with 86.6 percent under 10 m/sec and only
1.5 percent exceeding 14 m/sec.

67. Low wind speeds and southerly directions during April through June
are characteristic of the tropical trade winds, During this season southerly
winds outnumbered northerly ones almost two to one. The resultant wind speed
and direction were 0.8 m/sec and 179 deg, respectively. A distinct shift of
direction occurred between April (resultant direction of U5 deg) and March
(resultant direction of 196 deg). Ninety-three percent of the speeds were
less than 10 m/sec.

68. July through September was very mild with all speeds 12 m/sec or
less. Although the winds blew 10 percent more frequently from the south

rather than from the north, they were predominantly from northeast-east
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Table 5
FRF Resultant Wind Speed and Direction

Wa A e

- 1982 1980-1981 1980-1982
8 Speed Direction Speed Direction Speed Direction
, m/sec deg True N m/sec deg True N m/sec deg True N
! Annual 0.8 26 1.1 328 0.9 344
. Seasonal
Jan-Mar 1.9 350 1.9 331 1.9 338
y Apr-Jun 0.8 179 0.8 215 0.8 202
Jul-Sep 0.2 126 0.1 262 0.1 155
{ Oct-Dec 2.4 38 2.6 341 2.2 0
! Monthly
Jan 2.2 297 2.5 343 2.2 328
Feb 3.0 10 1.4 318 1.8 347
¥ Mar 1.7 20 1.8 324 1.6 342
K. Apr 0.5 45 1.5 217 0.8 216
:f May 1.8 196 0.1 63 0.5 192
K Jun 1.3 176 0.9 213 1.0 196
¥
ES Jul 1.8 231 0.9 202 1.2 218
-, Aug 0.6 203 0.8 23 0.3 23
Sep 2.7 60 0.2 285 0.8 54
5 Oct 3.0 Lq 1.9 359 2.1 21
- Nov 2.4 48 1.9 317 2.4 359
“ Dec 2.2 1 2.8 334 2.5 344
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(31 percent) and southwest-west-southwest (28 percent). The light winds and
bimodal directional distribution produced a low seasonal resultant speed of
0.2 m/sec. The resultant southerly direction persisted through August when a
shift back to northerly directions occurred; the seasonal resultant was

126 deg.

69. October through December brought a shift back to the northerly dom-
inance, Wwith percentages again two-to-one more frequent. Unlike January
through March, in which easterly and westerly directions were evenly split,
during this season winds were easterly more than 52 percent of the time
(15 percent more often than westerly directions). The resultant speed,

2.4 m/sec, was the highest of all seasons. The resultant direction was
38 deg, reflecting the predominance of strong northeast winds.

70. The highest wind speeds occurred during October through December;
14 percent equaled or exceeded 10 m/sec. Three percent were greater than or
equal to 15 m/sec, and on two occasinns average speeds in excess of 22 m/sec
were observed.

71. Present versus past years. The pattern of predominant wind direc-

tion rotation from northerly during the cold months (January through March and
October through December) to southerly during the warm months (April through
September) and strong winds from the east during October through December is
consistent with that during past years at the FRF (Figures 6 and 7). However,
during 1982, the winds blew far more often from the easterly directions and
less often from the north through northwesterly direction than past records
have shown (Table 5). The annual resultant magnitudes are comparable, while
the directions show a 58 deg shift toward the east. The tendency for winds to
blow more often from the easterly directions during September, October, and
November 1982 is demonstrated by comparison of these data with data from
September, October, and November of 1980 and 1981 combined (Table 6). The
difference between the distribution of winds for 1982 and previous years was
due, in part, to unseasonable westerly winds in the upper atmosphere (National
Climatic Data Center 1983).

72. Combination of years--1980 through 1982. The distribution of winds
for the combined 1980 through 1982 data indicates a strong northeasterly and

southwesterly tendency with few northwesterly and southeasterly winds (Fig-

ure 8). Seasonal variations are large, with northern winds dominating during
the fall and winter and southern winds during spring and summer (Figure 8 and
Table 5).
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Table 6
Comparison of Wind Directions for
1982 Versus 1980 Plus 1981%

AT
i

Ll
L -y
Ll

September October November
1980 Plus 1980 Plus 1980 Plus
Direction 1982 1981 1982 1981 1982 1981

North-Northeast 4.4 13.5 6.7 19.0 9.5 9.6

gl WP St >

22,2 20

e
-

-

»d

Northeast 15.0 7.4 17.6 4,2 18.1 1.8

o P
e
»

East-Northeast 26.5 11.2 13.4 5.5 .7 4.2
e East 1.5 1.9 10.9 0.4 4.3 1.8

Total 57.4 34.0 48.6 29.1 46.6 17.4

! * [n percentages.
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SQ 73. Less than 1 percent of the wind speeds has been observed to equal
0
»gh or exceed 15 m/sec, while on only one occasion during any year would the speed

be expected to exceed 20 m/sec (recall the speed is an average computed over

at least 10 min), as indicated in Table 7. Wind speeds are most often between

NN 5 and 10 m/sec.
)
!:I.v
:ﬁﬂ Table 7
) Wind Speed Distribution* for 1980-1982
L,
'l Wind
Jogd Speed, m/sec Annual Jan-Mar Apr-Jun Jul-Sep Oct-Dec
“}
" 20+ 0.2 0.1 0.4 0.0 0.3
- 15-19 0.6 0.7 0.1 0.3 1.1
)
; 10-14 7.9 9.9 4.5 2.9 13.5
8 5-9 49.3 52.5 52.4 47.7 b7
R}
R 0-4 42.0 36.8 42.6 49.1 40.4
i;
1
P~
b Wave Data
,¢z
1"

74. This section presents summaries of the wave data collected at the

. FRF. A review of the wave conditions during 1982 and a comparison to previous

{ years is followed by a discussion of the wave climate for 1980 through 1982
S; combined. Appendix B contains summaries for each gage which include height
w and period distributions, wave direction distributions, and persistence
4 tables. A discussion of individual major storms is given in Part VI, and Ap-
215 pendix D contains hourly wave data for times when the heights H, exceeded
2;§ 2 m at the seaward end of the FRF pier. °

Present data year
};2 75. Spatial variation. The distribution of wave heights for buoy
Vii gage 620, located 3 km offshore, and pier end staff gage 625 were essentially
'f: the same for heights below 3 m during 1982 (Figure 9). For the few observed
{%; heights above 3 m, wave heights were larger at the gage located 3 km from
fkﬂ shore than they were at the gage at the seaward end of the pier. Refraction,
?Z bottom friction, and the effect of depth in limiting the wave energy in a
éi spectrum would cause the observed differences in storm wave heights. Wave
statistics for staff gage 615, located at the landward end of the pier in
&
ko 40
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f. Figure 9. Annual wave height distributions for 1982
N shallow water, differed from those of the other gages as can be seen in Fig-
7 ure 9 and Table 8. In all but the very calmest conditions, gage 615 is within
,; the breaker zone. Consequently, these statistics represent a lower energy
. wave climate in which the annual mean height (0.7 m) is more than 20 percent
4 less than at the seaward gages (0.9 m).
!
b
M Table 8
. Annual Wave Statistics for 1982
l‘.
' Mean Mean Maximum
" Hm , m Standard T sec Standard Hm , M
b Gage Depth, m o Dev, m p’ Dev, sec o Date
620 18 0.9 0.5 8.3 2.6 4.3 25 October
625 9 0.9 0.5 8.6 2.7 3.5 25 October
N 615 2 0.7 0.4 7.8 3.0 2.2 25 October
N
5‘.
; 76. Although the distribution of wave periods was similar for gages 620
O and 625 (Figure 10), gage 615 had more wave periods less than 7 sec and fewer
[ periods 8 sec or longer than the gages in deeper water. Wave breaking seaward
.; of the gage again appears to affect the wave climate at this location.
o Gage 620 recorded more frequent 7 sec or less periods and less frequent 10 sec
»
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4
«"i:g or longer periods than did gage 625. The higher precentage of short period
*‘,'f‘.gf-& waves at gage 620 is believed to result, in part, from the differences in
Vs fetch for winds blowing from the west. The fetch at gage 625 is only about
:o“:h 0.5 km, while that at gage 620 is about 3 km, sufficiently long to allow some
‘g
n:"A wave growth.
4 a,. 77. The distribution of wave directions for the year (Figure 11) re-
;".' vealed that waves approached from the south side of the pier (i.e., from
g
:::::;: >70 deg) 20 percent more frequently than from the north side. However, for
titgy
::”:. storm wave conditions, the distribution was three-to-two favoring waves ap-
al
:3!::3: proaching from the north side.
i 78. Temporal variation. The monthly and seasonal variations in wave
n' .
‘- S characteristics were consistent with the wind variations (see paragraph 65).
f:.:}."’ Temporal trends for gages 625 and 620 are shown in Figures 12 and 13, respec-
! "
"‘J tively, and are consistent with those for gage 615. Seasonal wave height
ﬁ distribution variations (Figure 14) were similar for all gages. Waves were
:" . highest between October and December 1982 when they could be expected to
W
o exceed 2 m 15 percent of the time (twice as often as between January and
:,,Jr March). Wave heights were at a minimum between July and September, exceeding
. 2 m on only four occasions.
N
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Figure 14. 1982 annual and seasonal cumulative
distribution of wave height for gage 625

79. Mean seasonal wave period values (Figures 12 and 13) varied sim-
ilarly to the mean wave heights; i.e., during October to December the periods
were longest, and from July to September they were shortest. Trends in the
variation of wave period by season are highlighted by Table 9. The excep-
tionally calm summer was dominated by local winds which produced wave periods
predominantly shorter than 10 sec, while two storms during October resulted in
a much larger number of periods 14 sec or longer.

80. Approximately 50 percent of the daily observations of wave direc-
tion indicated the primary wave train approached from the south side of the
pier (i.e. >70 deg) during January to March and October to December, while 72

Table 9
Seasonal Wave Period Distributions for 1982

Period, sec
Season <6 7-9 10-12 W<
Jan-Mar 26 32 38 y \
Apr-Jun 14 48 33 5 ;
Jul-Sep 34 45 19 2 |
Cet-Dec 27 24 32 17 ;
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and 64 percent were from the south during the spring and summer, respectively

(Figure 11). There was a stronger northerly tendency during storm conditions
(i.e., 58 percent of the storm waves approached from the north).

Present versus past years

81. The wave climate during 1982 was similar to that in previous
years. Annual wave height distributions for 1982 (gage 625) showed small dif-
ferences in comparison to the distribution for the combined 1980 and 1981 data
(Figure 15). With the exception of July to September (Figure 16), seasonal
distributions were similar, also. The variation of mean monthly Hm during
1982 for gage 625 versus 1980 through 1981 was inconsistent (Table 10) Indi-
vidual months differed as much as 37 percent as in June. For any given month,
there were large variations, year to year, in the frequency of storm waves
(Hm > 2 m). However, seasonal frequencies were consistent.

82. The distributions of wave periods for 1982 and prior years (Fig-
ure 17) were similar, with the exception of more frequent long-period waves
(12 to 17 sec) between October and December 1982, primarily due to two storms
in October 1982.

83. Unlike the similarity between 1982 and previous years for the wave
height and period distributions, the distribution of wave direction for 1982
showed that a larger percentage of waves approached from the south. The
annual resultant wave direction was about shore-normal, 8 deg southward of the
1980 plus 1981 resultant (Table 11).

Al]l years combined

84, The 3-year data set between 1980 and 1982 provides the most reli-
able description of the wave climate at the FRF. Spatial differences in wave
height are shown in Figure 18. Note the effect of large waves breaking sea-
ward of the gage 615 location. For gages 620 and 625, wave height distribu-
tions are almost identical up to 2.5 m. Over 2.5 m, they differ by as much as
17 percent (i.e., 0.5 percent of the wave heights at gage 620 exceeded 3.5 m,
while the corresponding height was only 3.0 m at gage 625). In deeper water,
wave heights in excess of 2 m can be expected to occur 600 hr per year (7 per-
cent of the time), and wave heights in excess of 3 m can be expected to occur
at gage 625 only about 44 hr per year. Seasonal height distributions indicate
that the greatest frequency of high waves occurs between October and December,
while the least severe season is April to June (not July to September, as

during the very mild summer of 1982).
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Table 10
Comparison of Mean Wave Height Statistiecs
for Gage 625
1982 1980 Plus 1981
Hm y M Hm , m
Month o} Standard Deviation, m 0 Standard Deviation, m
Annual
Jan-Dec 0.9 0.5 0.9 0.6
Seasonal
Jan-Mar 1.0 0.5 1.1 0.6
Apr-Jun 0.8 0.4 0.7 0.4
Jul-Sep 0.7 0.3 0.8 0.5
A Oct-Dec 1.2 0.6 1.1 0.6
Monthly
1.0 0.5 1.0 0.6
1.2 0.6 1.0 0.5
0.9 0.3 1.1 0.6
1.0 0.4 0.7 0.4
0.8 0.3 0.8 0.4
0.8 0.4 0.5 0.2
0.5 0.2 0.6 0.3
0.6 0.3 0.8 0.6
0.9 0.3 0.9 0.5
1.3 0.7 1.1 0.6
1.1 0.6 1.1 0.7
1.0 0.6 1.0 0.6
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Table 11
Resultant Wave Height and Direction at the FRF

L MY
3
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o
A
vy
I
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i
¥
> "
VR Y
}}‘s
N
|‘| A
Month
0w \
bt
ey Jan-Dec
- ‘-::
Ry
2 Jan-Mar
Reles Apr-Jun
o
RN Jul-Sep
e Oct-Dec
o
o
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

1982 1980 Plus 1981 1980-1982
Direction Direction Direction
Height, m deg True N Height, m deg True N Height, m deg True N
Annual
0.8 71 0.8 63 0.8 66
Seasonal
0.9 65 0.9 59 0.9 62
0.8 78 0.6 75 0.6 76
0.6 74 0.7 71 0.6 72
1.1 68 1.0 55 1.0 60
Monthly
0.8 62 0.9 2 0.8 50
1.1 60 0.9 67 1.0 ou
0.8 75 0.9 64 0.9 68
0.8 73 0.6 68 0.7 70
0.7 79 0.7 76 0.7 77
0.7 82 0.5 81 0.6 81
0.4 82 0.5 77 0.4 79
0.5 73 0.7 69 0.6 70
0.8 70 0.8 70 0.8 70
1.2 75 1.1 56 1.1 64
1.0 67 1.1 52 1.1 57
1.0 59 0.8 60 0.9 60
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Figure 18. Wave height distributions for
1980 through 1982

85. The addition of one year of 1982 data to the 1980 and 1981 data set
did not noticeably change the annual wave height distribution (Figure 19) nor
the spring, fall, and winter data. The July to September distribution was
lowered by only 0.1 to 0.2 percent.

86. Distribution of wave periods for the combined data set was similar
for all gages (Figure 20) with most periods being between 5 and 12 sec. As
with the height distribution, the addition of data for 1982 had little effect
on the wave period distribution. Table 12 presents the joint distribution of
wave heights and periods for gages 625 and 620 for the combined 1980-1982
data. For storm conditions when Hm0 exceeded 2 m, there was a range of
periods from 6 to 17 sec, although as the heights increased the periods tended
to increase also.

87. Wave direction of approach for the combined data (Figure 21) was
approximately evenly split between directions north and south of the pier
axis. However, storm waves approached twice as frequently from the north than
from the south.

88. Summary statistics have been presented which show that wave condi-

tions at the FRF have a spatial and temporal variation. The cold months of
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Joint Distribution of Wave Height Versus
:‘E, Period for 1980-1982
Lt
‘.l
K Gage 625
,
K ANNUAL
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HE JGHT (METERS) PERIOD(SECONDS) TOTAL
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January to March and October to December are times of high, generally longer,
period storm waves approaching from the north. The spring and summer are

characteristic of low southern seas. Annual distributions of wave height and
period for 3 years of data are relatively stable., Seasonal variations are on

the order of 0.5 to 1 percent, and monthly changes may be even greater.

Current Data

89. Spatial and temporal variations of longshore surface currents are
discussed in this section. Surface current speed and direction at the FRF are
influenced by winds, waves, and, indirectly, bottom topography. The extent of
the respective influence varies daily. However, winds tend to dominate the
currents at the seaward end of the pier, while the breaker angle and height
dominate within the surf zone. During extreme wave conditions, the seaward
end of the pier is within the breaker 2zone; consequently, currents measured
there are strongly influenced by waves. The effect of the bottom top-graphy
is such that under certain conditions rip currents develop which interrupt the
general flow of the alongshore current. The trough under the pier is a pre-
ferred location for such currents, and some were measured in excess of
1 m/sec. This report concentrates on the long-term alongshore currents, since
a complete study of rip currents would require intensive measurements over a
relatively short time scale.

90. Surface current measurements were made daily at about 0700 EST by
timing the movement of dye patches at three locations: (a) the seaward end of
the pier; (b) the midsurf zone position under the pier; and (c) along the
beach 500 m updrift of the pier.

Present data year

91. Spatial variability. Since the relative influences of wind speed

and direction and breaker angle on nearshore surface currents vary with loca-
tion at the FRF, there is significant variability between the mean monthly and
annual values for these locations (Figure 22) and the daily measurements of
surface currents (Figure 23).

92. Currents at the seaward end of the pier were usually lower than
those at the midsurf position (midway between the seawardmost breaker position
and the beach) and consistently southward throughout the year. At the midsurf
location, currents were fastest and varied from southward to northward with

season as the wave angles varied (paragraph 80). Currents measured from the
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Figure 22. Mean surface currents for 1982
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Figure 23. Daily longshore surface currents at the seaward end and midsurf
location of the FRF pier and 500 m updrift on the beach for 1982
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el
K beach (10 to 15 m from shore) were generally faster than those at the end of

“”Q the pier but slower than those at the midsurf location; current directions at

ﬁﬁﬂi the beach agreed well with the midsurf directions. Mean annual current values

) (Table 13) show an approximately even distribution of northward and southward
iﬁi currents measured at the beach, a southward mean at the pier end, and a north-

;ét ward resultant at the midsurf position. Monthly mean currents tend to agree

fﬂ3 best during high wave conditions (i.e. January, February, and October through

. December).

g \
“4.' Table 13 |
| ¥ Monthly and Annual Longshore Surface

v .l

et Currents at the FRF*

I;’

:.“:‘ Pier End, cm/sec Pier Surf, cm/sec Beach, cm/sec

[ 1980- 1980- 1981- 1981-
ﬁ:’ Month 1982 1981 1982 1982 1981 1982 1982 1981 1982 |
o~ |
el Jan 9 19 17 16 26 21 19 12 14 |
,?l Feb 24 24 24 21 -9 6 17 6 10

o Mar 17 20 19 -13 21 4y y 10 8
e Apr 17 7 9 -23 -2 -13 2 -1 0

A May 5 13 11 -25 7 9 -8 0 -3

e Jun 1 7 6 -26 -13 -20 -N" -13 -12

Jul 3 ) i =23 -16 -20 -15 -16 -16

o Aug 6 8 8 -16 0 -8 -9 -10 -10

oG Sep 14 10 1 -9 -10 -10 -2 -9 -7

EH Oct 3 12 10 -4 25 1 -7 24 14

55;. Nov 7 16 14 7 22 15 12 20 17
Ry Dec 12 1 11 14 23 19 5 14 1M

7{ Annual 10 12 12 -7 6 -1 1 3 2

W’
W

*45? % 4+ = southward; - = northward.

93. Temporal variability. Monthly mean currents in January, February,

-
-
&3

November, and December were directed southward at all locations during 1982.

E?g During the spring and summer, they were directed northward at both nearshore
':its locations. However, frequent reversals occurred throughout the other months.
,gfk This seasonality of currents was consistent with wind and wave patterns pre-
iﬁ$~ viously discussed.

‘ﬂf 1982 versus previous years

..Ni 94. Longshore current speed and direction for 1982 were reasonably

-

consistent with those of previous years at the seaward end of the pier and at

the beach (Figure 24), though strong northward flow during two storms did
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cause October 1982 to show an anomalously northward predominance., The midsurf
currents show large differences between 1981 (only previous year of measure-
Ff\ ment) and 1982 (Figure 24). Note that at the midsurf position, the 1981

annual mean current was 6 cm/sec southward, while during 1982 the magnitude

.
A

:it was about the same; but the flow was directed northward.
:”%‘ All years combined

Sy

95. Monthly and annual mean current values for the combined years of

-
-

data are presented in Figure 25. All locations show consistent temporal

variation as well as spatial differences. Near zero annual means for both lo-

P

S

) cations within the surf zone reflect the seasonal variations and frequent re-
0l
el versals due to the varying wind and wave conditions at the FRF. These con-
" trast sharply with the strong southward predominance of the pier-end currents.
!
O 0 1
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L Tide and Water Level Data
e
#-:".
AN 96. Tide height values and water levels due to astronomical and meteo-
'123 rological forces are discussed in this section. 1982 results are followed by
i
f a comparison with previous data. All tidal heights are referenced to the
1

local NGVD unless otherwise stated.
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! Present data year

‘.
Eg 97. Tides at the FRF are semidiurnal. The effect of the Moon's
ga declination produces an average difference of 10 cm in daily high tides and

5 cm in the daily lows. The mean range during the year was 99 cm with a 4-cm
-, difference between times near Aphelion (July), when the range was lowest, and

Perihelion (January) (Table 14 and Figure 26). The monthly averages show a

3- and 6-month periodicity which in part is due to the inclination of the Sun
(Coast and Geodetic Survey 1971), a long-period astronomical tidal consti-
tuent. Additionally, astronomical forces with annual periodicity, seasonal
variability of the specific volume of the sea water due to temperature changes
(the Steric effect), and meteorological conditions may also contribute to the
observed variations.

Extreme water levels for 1982

98. Highest water levels generally occur when strong and persistent
onshore winds and associated high waves produce setup of nearshore waters
against the shoreline. This condition may be enhanced when the astronomical
forces of the Moon and Sun are aligned (syzygy); the astronomical forces are
even greater when the moon is also at Perigee (i.e. nearest the Earth). Ex-
treme tidal heights at the FRF during 1982 were not coincident with the times
of perigee-syzygean alignment that occurred on 9 January, 21 July, and 1 and
30 December. However, extremely high levels in October and December were a
result of low pressure systems that produced high waves and strong onshore
winds (Section VI). Strong offshore winds caused very low tides such as those
of 8 February 1982 (-108 cm), the lowest of the year.

1982 versus past years

99. The distribution of daily high and low water levels and hourly
tidal heights during the year were typical of those in previous years (Fig-
ure 27), except that apparently milder meteorological conditions produced
fewer tidal heights in excess of 100 cm. In 1982, MHW, MLW, mean range (MR),
and MTL data were consistent with those in previous years (Table 14 and
Figure 26).

All years combined

100. Based on the distribution of tide heights for 1980 through 1982

(Figure 28), 1.25 percent of the time (110 hr) the tide height can be expected

to exceed 90 cm. Likewise, 1.1 percent of the time (98 hr) the heights can be

expected to be less than -70 cm. It can also be seen from Figure 28 that the
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Table 14
Mean Tide Height Statistics for the FRF*

Mean Mean Mean Mean

High Tide Sea Low Mean Extreme Extreme
Month Water Level Level Water Range High Date Low Date
Jan 45 -5 -4 -55 100 100 8 -94 1"
Feb L7 -4 -3 =55 102 95 22 -108 8
Mar 55 5 5 -4y 99 99 7 -89 29
Apr U6 -5 -4 -56 102 96 28 -86 24
May 56 6 7 -44 100 101 23 -76 21
Jun 68 18 19 -32 100 107 19 -62 26
Jul 55 7 7 =42 97 105 21 -66 20
Aug 58 10 1 -39 97 87 18 -72 21
Sep 67 18 19 -30 97 108 30 =57 3
Oct 78 29 29 -20 98 127 25 -54 31
Nov 58 9 9 -1 99 96 3 -76 29
Dec 62 1 12 -40 102 124 12 -82 1
1982 58 8 9 ~-42 99 127 25 Oct -108 8 Feb
1979~
1981 59 8 8 -43 102 149  Nov 1981 -119 Mar 1980

1981 59 8 9 -42 101 149 13 Nov -110 5 Apr
1980 59 8 8 -43 102 118 2 Mar -119 16 Mar
1979 60 9 9 -43 103 121 26 Feb -95 6 Sep

=
* .
.

SERRR

A

RN
RSN
PAPATRSN
LIS A A T

»

*  Measurements in centimetres.
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Figure 27. Comparison of hourly tide heights and mean
high and low water level distributions
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Figure 28. Distribution of hourly tide heights and mean
high and low water levels for 1980-1982
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;% daily low tide height can actually exceed NGVD 3 percent of the time or

gﬁ 11 days out of the year.

;

, Water Characteristics

o

{f 101. The results of daily measurements of surface water temperature,

fj visibility, and density are presented in this section. The summaries repre-
sent single observations made near 0700 EST and, therefore, may not reflect

.: daily average conditions since such characteristies can change rapidly within

<H a 2b-hr period. A discussion of 1982 data is followed by a comparison to that

fﬂ of previous years.

i Water temperature

g& 102. Present data year. Daily sea surface water temperatures at the

e seaward end of the FRF pier (Table 15 and Figure 29) experienced large varia-

;i tions in June, July, and August when frequent offshore winds blew warm surface

& water seaward, allowing upward and landward circulation of much colder and

-% more turbid bottom water. Onshore winds reversed this circulation, piling up

ozl

warm surface water against the shoreline, with a resulting seaward flow along
¥ the bottom.

103. From January through March (Figure 29), monthly mean water temper-

% atures averaged less than 10° C and increased about 5° C per month from March

kﬁ through June. These mean values remained nearly constant and greater than

;: 150 C from July through October. During the remaining two months of 1982,
temperatures decreased at about the same rate as the spring increase, i.e.,

g 5° C per month.

ﬁ 104. The annual average water temperature during the year was w.2° C,

with a standard deviation of 1.9° C. Less than 1 percent of the time (3 days)
.- during the year the temperature exceeded 25° ¢ (Figure 30).

105. 1982 versus previous years. Daily temperature variations were

typical of those during other years. Due to a mild summer and winter, 1982,

.} as a whole, was a moderate year in comparison to previous years; fewer

L occurrences of temperatures above 20° C and below 5° C were observed

%. (Figure 30). Differences during the summer season were, in part, due to the
fi frequent onshore winds and high wave activity during September, 1981, which

2 tended to keep the water warm. The period during October to December 1982 was
- the warmest of all periods during the 3 years of data collection (Figure 31),
! +

o
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Figure 29. Daily sea surface water
temperatures for 1982
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Figure 30. Comparison of annual sea surface water
temperature distributions
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again, at least in part, due to the higher frequency (in comparison to other

years) of onshore winds during the season.

. o d

N 106. All years combined. Annual and seasonal temperature variations
i have been consistent from year to year. The addition of a third year of data
P made only a minor change to the annual distribution of surface temperatures.
Jﬁ Visibility

:g,j 107. Visibility in coastal nearshore waters depends on the amount of
. salts, soluble organic material, detritus, living organisms, and inorganic

gg} particles in the water. These dissolved and suspended materials change the
Sé? absorption and attenuation characteristics of the water, which thus vary daily
g%: and throughout the year.

. 108. The surface water visibility at the seaward end of the pier varies
3%3 in a similar manner as the temperature (Figure 32). Since the pattern of off-
;ﬁ% shore and onshore winds that produced major temperature differences also con-
%& trols the visibility, the warm surface water is usually clear, while the

;ﬁ; cooler bottom water contains large concentrations of suspended matter.

5:& 109. Present data year. Daily water visibility values, measured at the
sﬁﬁ seaward end of the pier using a secci disc (Figure 32), show that monthly

L.: means were the highest during July through August 1982, as were the standard
q%: deviations (Table 15) reflecting the wind-dominated processes discussed

t

ol

%% 68

2

R

e LW . , s TN O W v N N N O UL AV RNE S A O A I S
( OGS e T v AL CEIN, R ONCRVACE VLN SO P s 4T AN
-,"‘.t'_'.a!\,lf’.lf‘\ifm Attt e ,n'.,;’tf,'ﬂ;'t!b't KB e ) ol % P et . U ot o Dt S T A S e .,.4 A A s‘; RSNINR

n"




'y . LEGEND
: : o © MONTHLY MEAN VALUE
e

ViSIBILITY ™
"
'
[

T

Figure 32. Daily surface water visibility
for 1982

above. Between April and August the visibility occasionally was greater than
5 m, but it was generally less than 4 m. During October to December, the
visibility was less than 2 m 90 percent of the time. The annual mean
visibility was 2.4 m with a 1.0-m standard deviation (Table 15). Figure 33
presents the cumulative distribution of visibility measurements for the year
and indicates a median visibility of only 1.5 m.

110. 1982 versus previous years. The variability of the 1982 daily sea

water visibility measurements was similar to that in previous years. With the
exception of July and August, monthly mean visibility values were also similar
(Figure 34). The 1982 annual mean was higher than the 1980 and 1981 combined
value, primarily due to the exceptionally high visibility during July and
August. Figure 33 shows the distribution of daily measurements was higher in
1982 in comparison to previous years.

111. All years combined. At the FRF, over 50 percent of the time the
visibility at the surface can be expected to be less than 2 m. Annual and

seasonal visibility variations have been consistent from year to year. The
addition of a third year of data did not change the annual distribution
significantly.
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Density
112. Present data year. Daily density measurements show a large varia-

tion throughout the year (Figure 35 and Table 15). Monthly mean values (Fig-
ure 36) generally varied inversely with water temperature such that maxima
occurred during the cold months--January, February, November, and December--
and minima during the summer months (Table 15). The annual mean density was
1.0227 g/cm3 with an associated standard deviation of 0.0015 g/cm3.

113. 1982 versus 1981. Variability in daily density values throughout

1982 was greater than that for 1981; however, the 1982 monthly and annual
means (Figure 36) and distribution (Figure 37) were lower than those for 1981.
This trend is reasonably consistent with a pattern of monthly mean temperature
differences which indicate that 1982 temperatures were greater than those for
1981. However, during a few months this inverse relationship between tempera-
ture and density did not occur, indicating that salinity differences were
probably responsible for the density variations. These may have resulted from
either large-scale circulation of nearshore water masses or locally-induced

salinity changes due to rainfall.
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Survey Data

114, Waves and currents interacting with bottom sediments produce
changes in the beach and nearshore bathymetry. These changes can occur very
rapidly in response to storms or slowly as a result of persistent but lower
seasonal variations in wave and current conditions.

115. To document the temporal and spatial variability in bathymetry,
surveys were conducted approximately monthly of an area extending 600 m north
and south of the pier and approximately 950 m offshore. During March and
July, 24 profile lines were surveyed. The remaining surveys consist of
between 12 and 15 profiles each. These profiles were obtained using a Zeiss
Elta-2 first-order, self-recording electronic theodolite distance meter in
combination with the CRAB, a 10.7-m-high self-powered mobile tripod on wheels
(Birkemeier and Mason 1984). In addition, soundings were taken on both the
north and south sides of the pier.

116. In the following sections a brief discussion of the effect of the
research pier on the bathymetry precedes discussions of time-histories of bot-
tom elevations at selected locations along the pier and contour diagrams of
the bathymetry.

Pier effect

117. The research pier introduces a perturbation in bathymetry (Fig-
ure 38) in the form of a permanent trough under the pier, apparently a result
of the interaction of waves and currents with the pilings. The trough deepens
under the seaward end of the pier and varies in shape and depth with changing
wave and current conditions. The pier's effect on shore-parallel contours
occurs as far as 300 m away, and the shoreline may be affected up to 350 m
from the pier (Miller, Birkemeier, and DeWall 1983).

History of bottom elevation
118. At the Baylor wave gage locations and other selected locations

along the pier, a history of the bottom elevations is useful for interpreta-
tion of the data (Figure 39). Variations of elevation under the pier are due
to natural processes (such as profile changes due to bar movement) as well as
scour due to the interaction of the pier piles with waves and currents. At
the beginning of the year, the scour hole at the 579-m location was 8-1/2 m
deep and the trough elongated to the north. A small fillet (at -1 m) formed
at the landward end of the pier, near 189 m, during February. The fillet

4 73
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_
3}
©
o
v > =
— ~
3
e
w =
S
o]
o
[}
=~
3
o¢]
ot
[t 9]
- e RIRE - —wel e e e LT e P g S % 2 S e = e e ey ety
fGOX b SEAREY  GEIOERY.  SRasE TRy WA TYEERRY WRKEAS suneeas QAR [YSyERRT



------- e L 2" UA b AR Aafuls - atd g m“‘"-ﬂ‘lﬁl'ﬁlﬂ-ﬁ\'itia‘w
o
)
L]
¢
': .0 o1sTANCE
m
'
ot 1.0
W 108
B -2.0-
N -3.0+4
4
4
[ 0]
=
] ,f -5.0
o
(%]
o m
;i; -8.0
' -7.04 -
Y
e -0.0]
-
i -9.04
0
oy -10.0 — v v v - v . . v -
) AN FEB MM AR MAY N AL A SE® OCT MOV DEC
& 1982
o MONTH
"
: a. North
. 0.0 oISTMNCE
,-' im
> 1.0 4
-
;'l
-2.01 L]
"
-3.0+4
}, —4.0-]
3 =
E -5.0
a.
Wt
; ° J \/\‘ =
‘. 4.0
)
i
7.0+
K -
.
A -9.0
y .0 =
£ -
. 10.0 s \2 T T — ™ T ' v + T
: SN FB mmo AR oMY AN A MK WP OT MY O
1 MONTH
= b. South
k)

Figure 39. Time-history of bottom elevations at selected
r, locations along the FRF pier, Baylor gages 625 and 615,
at 579 m and 189 m, respectively

75




\.. e s E -4 gen Bon g e e aaanaiig ol o . . . L aoa P T TS Y T Sy ,-T
‘.’"
P
iy

1{; became larger in April and remained through August. The trough continued to
#?s shoal through the summer and became more symmetric about the pier axis.
12N During this time, the scour hole reached a minimum depth for the year of
j_ 7-1/2 m. Dramatic changes occurred in response to the October storms. The
4 b high waves and strong currents scoured out the trough, the scour hole depth
(ié increased to 8-1/2 m, and the fillet at the landward end of the pier was
'¢ﬁ eroded away. Only minimal changes occurred during the remainder of the year.
e Bathymetric surveys
%g& 119. Contour diagrams created from the data obtained during the bathy-
Qo metric surveys are presented in Appendix C; characteristics of the bathymetric
:ﬁ ) conditions are discussed below. Birkemeier (1984) provides a detailed discus-
o sion of the nearshore profile changes.
E:': 120. Figure U0 shows the location of the profile lines surveyed away
:ﬁ% from the pier during the monthly bathymetric surveys.
::?} 121. The bathymetric survey on 5 January (Figure 41) shows a trough
i.& under the pier extending 50 m north and 100 m south with a deeper scour hole
‘fﬁ dominating the seaward 180 m. A wide but fairly stationary storm bar (250 to
':s: 400 m) traversed the survey area interrupted only by the trough under the
;ff pier. In addition, the nearshore was dominated by a smaller but very mobile
- bar and trough system.
i;;: 122. Little change is visible on the 9 February survey (Figure C1).
::iz The hole at the end of the pier (180 m) had filled in slightly and diminished
::i} in size. A small amount of shoaling (200 m) was also visible 350 m south of
- the pier.
i: i 123. Very little activity was observed in the 18 March survey (Fig-
:z§i ure C2). Some shoaling of the storm trough (250 m) was visible 150 to 400 m
,?{2 north of the pier, and a minor amount of deposition in the trough under the
{iv pier had taken place.
:ii: 124, By 21 April (Figure C3), the scour hole at the end of the pier
;g:' (180 m) had been substantially reduced in area, though the depth remained con-
'gé; stant. The storm bar and trough (200 to 400 m) remained stable with only
w minor changes visible on the nearshore bar (125 m), except under the pier
*;%g where a pronounced 25-m seaward migration of the bar crest had produced a
‘{%? prominent seaward bulge in the -1 m contour line.
;}3 125. The next survey on 2 June (Figure C4) showed the nearshore bar
- (175 m) had been replaced by a fairly featureless slope. The storm trough
v.F’
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(250 m) widened in two areas, 375 m north and 400 m south of the pier. The
trough under the pier intruded farther into the storm bar (300 m) having mi-
grated 100 m farther south.

126. The 14 July survey (Figure C5) shows continued shoaling of the
trough under the pier. The scour hole at the end of the pier had again
shifted and extended seaward of the pier end. The storm bar (300 m) remained
unchanged; however, the nearshore bar and trough (175 m) were completely
removed.

127. Only minor changes were visible on the 24 August survey (Fig-
ure C6). These included some erosion along the beach step (150 m) and an
equal amount of deposition on the foreshore slope (100 m).

128. Two poststorm bathymetric surveys were conducted during October.
The first survey on 16 October (Figure 42) shows some notable aspects of the
transition from summer to winter. First is the prominent nearshore bar and
trough (100 to 150 m) created during this storm. This feature was built as a
result of erosion (up to 1 m) at the base of the foreshore (120 m) creating
the trough and a corresponding amount of deposition which built the bar
(Figure 43). The trough under the pier deepened, and the scour hole at the
end of the pier expanded shoreward; only slight changes were visible on the
offshore bar and trough (200 to 400 m). Since the second survey on 27 October
(Figure C7) followed a major storm (as compared to the 16 October survey which
was also poststorm), many of the observable changes during the month are not
as dramatic as they would have been had there been a prestorm survey. How-
ever, the second survey of the month shows a dramatic further deepening of the
pier trough (north of the pier) and of the scour hole. Both the nearshore
(100 to 500 m) and the offshore (200 to 400 m) bar systems continued to
develop as their troughs deepened and deposition occurred on the bar crests.
Significant amounts of accretion were also visible on most of the foreshore
(50 to 150 m) extending from the toe of the dune to MSL.

129. The next survey on 6 December (Figure C8) shows a continuation of
the prominent nearshore bar and trough with some deposition occurring in the
trough unde» the pier and in the large scour hole at the end of the pier.
South of the pier the storm trough (300 m) deepened significantly; however,
the same did not occur north of the pier.

130. In summary, fairly minor bathymetric changes occurred from January

to September; however, following a storm in mid-October and a major storm late
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ir. October, a rapid transition from a summer profile (small nearshore and off-

shore bars and troughs) to a winter profile (sharply defined and prominent bar
systems) occurred. In addition, a dramatic deepening of the trough under the

)
¢
)
L)

pier occurred. This situation continued through the remainder of the year.
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- 131. The spatial variation of surface sediments along the beach and
g ocean bottom is discussed in this section. Since only two sediment surveys
ﬁﬁ? were performed during the year, temporal variations could not be defined.

:;f However, the effect of different wave and current conditions on the sediment
sﬂ: characteristics (preceding each survey) is discussed. Variations of the sur-
] face sediments onshore were also observed during daily visits to the beach;
ff{ there was a tendency for coarse material during the winter (high wave energy

&‘} season) and fine sand during the calmer wave conditions.
}‘; Shore-normal variation
‘ 132. On 17 March and 26 October, surface sediment samples were taken
t;j along Profile 188, located 517 m south of the FRF pier. Sediment size was de-
;53 termined by sieving at 1/4-phi intervals. Figure 44 presents the size distri-
.tﬁ butions for 17 March as a function of position on the profile. In Figure 45,
%M} size distributions are shown for some of the sediment samples taken on
3x§ 26 October. Consistencies between the samples are observed when the profile
tﬁ% is divided into the following regimes: (a) dune and beach face, (b) swash
‘?1< zone and beach step, (c) nearshore bar and trough, and (d) offshore bar and
N seaward.
'54 133. Samples taken on the dune generally reflect aeolian (i.e. wind-
tfﬁ blown) deposition. Therefore, the sediments are well sorted, lacking in both
:ﬁ' very fine sand (due to selective winnowing) and coarse materials. At the toe
Zf of the dune, however, mean sediment sizes vary from medium to coarse. In
T. March, the sediment distribution was moderately well to well sorted using Folk
: x (1974) sorting classification. In October, however, wave action placed
:?? coarser sediments on the dune toe, and fines were winnowed.
. 134, Sediments at the beach step were indicative of the high energy
;j} regime due to waves breaking on the beach. In both March and October, the
;gb. means were coarse (1.9 to 2.4 mm) and the size distributions were moderate to
i:".'.' poorly sorted.
T 135. Seaward of the crest of the nearshore bar, the mean grain size
g‘ﬁ generally decreases with distance offshore, and the sediments are better
?u; sorted. However, after the October storms, the sediments on the inner bar
:kji (175 m) were coarsely skewed while being finely skewed in March. Figure 46
ta shows the effect of the October storms (see paragraph 128 for a description of
f)f the bathymetry changes).
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136. The effect of the October storms can be seen particularly well
in the regime seaward of the offshore bar. Mean sediment sizes are generally
more coarse, less well sorted, and coarsely skewed (Figure U46).

Alongshore variation

137. Sediment samples were obtained along the shore at different pro-
file locations in March. Mean sediment sizes were observed to increase from
north to south. Contour diagrams of the mean sediment size for the beach and
offshore (Figures 47 and 48) show the alongshore and shore-normal variation of
the sediment sizes described above, except under the FRF pier, where very
fine, silty sands and an unusually homogeneous layer of organic mud up to

0.5 m thick filled the scour trough region.

Photographic Data

138. Two sets of photographic data were used to document nearshore and
beach conditions in the vicinity of the FRF during 1982. Daily 35mm trans-
parencies were taken of the beach from the pier looking both north and south
(Figure 49). Approximately quarterly aerial photographic missions were also
flown on the flight lines and dates indicated in Table 16, usually at a scale
of 1:12,000. Figure 50 is a sample of this imagery obtained on 27 October
1982.

Storms

139. This section discusses the details of storms affecting the FRF.
As used here, "storms" are times when the wave height parameter Hmo equals
or exceeds 2.0 m at the seaward end of the FRF pier. Hourly data are pre-
sented in Appendix D; sample spectra from the Baylor gage at the seaward end
of the pier are given in Appendix B; and pre- and/or poststorm bathymetry
diagrams are given in Appendix C.

140. An unusually low number of East Coast (or Eastern Hemisphere)
tropical cyclones occurred during the summer and fall seasons. Only five
cyclonic storms were named (named storms have a duration of over 36 hr com-

pared to an historical average of 10 named storms per year. Eleven named

storms occurred during 1981, with four in September 1981 alone. Of the five

;r storms during 1982, two reached hurricane strength; 1931 was the last time NWS
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,Q Table 16
s fAerial Photography Inventory for 1982

- Flight Lines
" Date Film Type No. 1 No. 2 No. 3

" 7 Feb B/W 16 km north of FRF Currituck mainland
N to 16 km south to Atlantic
Ocean

11 May Color 16 km north of FRF
to 16 km south

14 Jul B/W Cape Henry, Va. Currituck mainland
Cape Hatteras, N.C. to Atlantic
A Ocean

27 Oct Color 16 km north of FRF
to 16 km south
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Figure 50. Sample aerial photograph taken 27 uctover 1382

oortad only two hurricanes in A seasaon.  Two of the named storms (inciuding
ore fr.rricara) generated and dissipated in the Guif of Mexico and consejuentiy
had ro effoct on tne FRF. Hurricane Debeoy produced only siightly atove aver-
a0 wWwaves, and Tropical Storms Beryl and Ernesto may have been responsibie for
some ong-period low swell evident in the data.  The NOAA National Hurricare
Center atiributes this unusually tranguil summer and carly rall to
unseascradie westerly winds in the upper atmosphere which inhibitea the

procsss of tropical cyclone development.
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:} 141. The occurrence of nontropical cyclones associated with low pres-
A\?é sure systems was responsible for most of the high wind and wave conditions at
he the FRF during the year. On 16 occasions, the wave heights exceeded 2 m,
28 typical of previous years. Each storm is discussed below in terms of the date
QEE% on which it occurred.
~$:§ 1 January 1982
B 142, The last storm of 1981 was responsible for the high waves at the
;f;, FRF on New Year's Day. This storm traveled across the United States, moved
'&ﬁg off'shore on the last day of December, and then moved north toward
';E- Newfoundland.
2 26-27 January 1982
o 143. A low pressure system originating in the central United States on
izgz the 25th moved east, arriving off Cape Hatteras, North Carolina, on the 26th
?:i before turning north and quickly moving past the FRF. Short-period waves, 6
iﬁ'ﬁ to 7 sec, reflect the close proximity of the generacing area of the storm to
Si?. the FRF. At 0700 hours, the surface current speed was observed to be in ex-
‘t:E cess of 2 m/sec, one of only two occasions during 1982 that such a fast cur-
E; rent was observed. Winds of over 17 m/sec from the north and waves in excess
2 of 2 m from north-northeast produced this strong southward current.
R 13 February 1982
:Eﬁ: 144, This cyclone formed over Florida on the 12th and moved north along
4R
:j?: the coast. Nourished by the Gulf Stream, the storm intensified. A brief
-2 period of high waves was recorded on the 13th as the storm moved rapidly past
:ia the FRF. This intense Atlantic cyclone continued traveling north leaving two
;S“ disasters in its wake. One hundred seventeen deaths resulted from the sinking
viaj of a Soviet freighter and an offshore drilling rig in, reported, 15-m waves on
o the 14th.
o 17-19 February 1982
*:ﬁ 145, This low formed over Cape Hatteras on the 17th then moved east.
&E Wave heights exceeded 3 m on the 18th.

25 February 1982

o l 146. This storm formed over Virginia on the 21st and then moved
,ﬁ: northeastward to Newfoundland. Onshore winds resulting from the large
k'S
:tﬂ circulation pattern of the storm dominated the meteorological conditions on
" 1
T the 25th. For a brief time, local winds created high waves at the FRF.
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:n¥: 27 February-1 March 1982

ﬁﬁ?- 147. A low moving north along the coast from Georgia and a high pres-
ﬁk&. sure system located around Maryland collided causing the low to stall and then
N move northeastward. Peak spectral wave periods increased from 7 sec on the
%ﬁh 27th to 11 sec on the 1st.

YN 16 March 1982

§§§V 148. This low formed off Georgia on the 16th and moved rapidly past the
o FRF producing 2-m wave heights for a few hours around midday.

g%h 28 April 1982

ﬁgg: 149. This low formed in the midwest on the 2Uth then moved east arriving
ﬁgg on the coast at the South Carolina-Georgia border on the 28th. The storm

moved out over the Gulf Stream, and then it moved rapidly north producing high
waves on the 28th.

-
-~

>
-
R

i

pu 12 May 1982

éii 150. On 10 May, a storm developed well offshore of Virginia and moved
?*? slowly northeastward through the 12th. In addition, a frontal wave moved off-
;;‘ shore at the North Carolina coast on the 12th. However, the long wave pe-
f}f riods, 14 sec, measured at the FRF are indicative of swells which have

'fﬁl traveled the long distance from the offshore generation area of the storm.
B 29 August 1982

RO 151. An Arctic high pressure system formed in Canada on the 27th and

f % moved east. Centered over Pennsylvania on the 29th, the high produced high
- winds and waves at the FRF.

‘*}’ 10-13 October 1982

_;ﬁ‘ 152. Early on the morning of 10 October, an extratropical storm moving
;Eh; eastward across the United States produced northeast winds having a maximum
?ﬂ? sustained speed of 13 m/sec at the FRF. Wave heights rapidly increased to
Y 2.5 m by 1200 hours on the 10th (Figure 51). As the storm moved offshore,
.232 winds slowly abated and within 24 hr had decreased to only about 7 m/sec.

*i: However, since the storm center had moved almost due east, winds far out at
:%3: sea continued to generate large waves, and heights in excess of 2 m were

:’i measured until 1300 hours on the 13th. Wave periods during the early part of
3§: the storm averaged about 7 sec, but as the storm moved offshore, a gradual
ggg shift in the peak period to higher values occurred, until by the evening of
gi& the 11th maximum energy was associated with wave periods in excess of 13 sec.
l?q This trend continued until peak periods of 17 sec were reached on the morning
v
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An Figure 51. Storm data for 10-13 October 1982
éﬁ of the 12th. Such high, long-period waves are very unusual on the east coast
.54
o of the US.
gA‘ 153. A relatively straight beach and nearshore bar characterized the
o bathymetry prior to the storm. During the waning stages of the storm on the
;r% 13th, substantial offshore movement of the bar had occurred. By the 19th, the
K ? nearshore bar had moved landward to its prestorm position. Details of the
'b: storm and associated bathymetric changes are discussed by Holman and Sallenger
kﬁ' (1984); Howd and Holman (1984); Jaffe, Sternberg, and Sallenger (1984); Mason
R et al. (1984); Richmond and Sallenger (1984); Sallenger et al. (1983); and
a' Sallenger and Holman (1984).
o 23-25 October 1982
;}i 154. This low formed in an inverted atmospheric trough off Miami,
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D Florida, on the 24th. Local winds at the FRF were very strong, reaching a

W maximum sustained speed of 23 m/sec on the evening of the 24th. On the 25th,
:ﬁ% the low was located over Cape Hatteras, and it continued north to Maryland
where it turned east and moved directly offshore for the next 2 days. Heavy
¢§§ rains, especially on the 25th, drenched the coast of North Carolina.
%r' 155. Wave heights exceeded 3 m for most of the 24th and 25th; wave
%&3 periods increased from'6 sec on the 23rd to 14 sec on the 25th. Radar images
) of the wave crests obtained during the storm clearly show that the direction
:gﬁ of wave approach changed slowly from northeast on the 24th to southeast by
iﬂé 0700 hours on the 25th. This shift in wave direction coincided with a similar
zég change in wind direction as the storm moved past the FRF.
156. Longshore currents were directed southward during most of the
e storm, but they reversed direction at about 2200 hours on the 2U4th. Surface
?:ﬁ currents in excess of 2 m/sec were measured on the 25th, 200 m offshore under
:5?, the pier, at the midsurf position. Waves were from the southeast with Hp, in
:.' excess of 3.5 m, and winds averaging 9 m/sec from due south produced the
?i& extremely fast northwardly directed currents.
y‘ﬁ 157. On the 25th, the persistent high waves and strong onshore winds
%?% produced the highest recorded water level of 1982, 127 cm.
158. Pre- and poststorm bathymetric surveys of the FRF show that
2&3 although relatively little change occurred away from the pier, the trough
E}: under the pier greatly enlarged and deepened, with the depth of the scour hole
7335 at the seaward end of the FRF pier increasing to 8.5 m.
N 159. The storm was also responsible for severe beach erosion along the
iﬁ% Outer Banks; several houses were lost at Kitty Hawk beach 10 km south of the
?::Stv FRF.
§§Z;: 19-25 November 1982
* 160. An Arctic high pressure system that formed in Canada slowly drifted
gn: eastward dominating the wind patterns at the FRF. However, a succession of
éf high pressure systems, originating in the central United States and moving off
3& the east coast maintained onshore winds from 15 to 25 November. This storm,
5 lasting 7 days, was the longest of the year. In general, less than 5 percent
;;i of the storms have durations exceeding U days.
o 9 December 1982
ﬁg: 161. A high pressure system originating over West Virginia on the Tth
- moved east causing high waves for a short time on the 9th.
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12 December 1982
e 162. Shortly after the passage of a cold front, a low developed off

f9 Cape Hatteras causing high waves at the FRF on the 12th.
17-19 December 1982
:$ 163. An offshore low pressure system formed off South Carolina moved

o slowly northeast through the 19th when it was off the FRF. Persistent onshore
o, winds produced wave heights over 2 m for the 3 days.
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}Q APPENDIX A: WAVERIDER BUOY MAINTENANCE AND CALIBRATION
ﬁ&
<2§ 1. This appendix presents the 1982 maintenance and calibration required

for the Waverider buoy gages. Datawell recommends the Waverider buoys be

:ﬁf cleaned and new batteries installed at least once every 9 months. The buoys

3} were replaced on a number of occasions during the year (Table A-1 lists the

?k operational dates of each gage used at the Coastal Engineering Research

,‘ Center's (CERC's) Field Research Facility (FRF)). Considerable biological

kﬁ growth occurs during the summer months when the water temperature is above

a; 10° C. Antifoulant paint and at least one cleaning and painting during the

ki. summer reduce the fouling problem. Details of the gage installation are pre-
sented in Appendix B.

a

0.5 Table A1

}} Operational Dates for the Waverider Buoys Used at

33 the Field Research Facility during 1982

'S

ﬁﬁ Serial Number Operational Dates Calibration Dates

Léi Offshore Waverider Buoy, CERC Gage 620

R+

L 66966 18 Sep 1981-30 Mar 1982 7 Apr 1982

Y 66967 30 Mar 1982-22 Nov 1982 23 Sep 1981

}3" 1 Dec 1982

; 66966 29 Nov 1982-29 Aug 1983 7 Apr 1982

%: Nearshore Waverider Buoy, CERC Gage 610

Y 66968 1 Sep 1981-29 Aug 1982 26 Aug 1981

i 31 Aug 1982

2. The buoys were calibrated at the National Oceanographic and Atmos-
4: pheric Administation (NOAA) Engineering Support Offices, Ocean Wave Instrument
jE Facility (Ribe 1981).* Ribe presents the following three correction factors
Ji for increasing wave measurement accuracy: (a) The Datawell-specified decrease
g: in electronic sensitivity as a function of oscillation period, (b) a differ-
; ence error based on deviations from (a) found during NOAA's calibrations, and

Q. (¢) a temperature-dependent adjustment of the sensitivity due to an unknown
s

f’ ®* References cited in the Appendixes are included in the References at the

end of the main text.
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5
H&o chemical reaction in the conducting fluid surrounding the Waverider accelerom-
o
%ﬁf eter. These three corrections and their application are discussed below.
f?"f?
- Datawell-Predicted Decrease in Sensitivity Error DW
4
e
$$$ 3. Waverider buoy sensitivity /A/ for the buoy electronics decreases
5%, with increasing period T of sinusoidal vertical motion according to Datawell
et as follows:
‘é:; by
Y
\
) . :
g /Al = a172 (41)
:’é‘ 1 I
TAT
. o
e
QN
%g?- where T, = 30.8 sec is a characteristic period provided by Datawell. This
¢
hav sensitivity decrease results in amplitude errors of less than 3 percent for
;\; oscillation (wave) periods less than 15 sec. Figures A1 to A3, which present
:;' curves for the Datawell-predicted sensitivity decrease error (DW) = /&/ - 1 ,
Pl
22¢~ show that the actual sensitivity does not decrease with period according to
1998
LNy the Datawell relationship given in Equation A1,

e 2N
w

Difference Error d

SR

7.
7
ﬁﬁg 4. Difference error d is the difference between the Datawell-
ot predicted decrease in sensitivity error DW and that found from the actual
f j buoy calibrations. In Tables A2 through A4, DW and d are tabulated as a
b
@33 function of T for each buoy. Best accuracy is obtained by choosing the
ﬁ}g calibration values nearest in time to the date of the measurements.
il
{”, Temperature Related Error
o
'..:::0
B
dﬁd: 5. It has been determined that for some unknown number of Waveriders
ﬁé; the sensitivity is drifting downward, possibly since manufacture, on the aver-
' ﬁa age of about 1 percent per year. Sensitivity loss from some unknown chemical
.
"\R reaction is related to increases in electrical conductivity of the conductive
f
'&n fluid surrounding the accelerometer. This drift is identified from calibra-
7 tions over a period of time.
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Figure A1. Waverider 66966 calibration errors
as measured on 7 April 1982
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Figure A2. Waverider 66967 calibration errors as measured

on 23 September 1981 and 1 December 1982
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Figure A3. Waverider 66968 calibration errors as measured
- on 26 August 1981 and 31 August 1982

T+ Table A2
:{’. Waverider 66966 Errors (Proportion) for
7 April 1982 Calibration

e Datawell-Predicted
‘g Period, sec Frequency, Hz Difference Error d Error DW

) 20.90 0.0478 0.0019 -0.0917

15.71 .0637 .0056 -0.0322
- 12.89 .0776 .0065 -0.0150
10.46 .0956 .0051 -0.0066
8.96 L1116 .0071 -0.0036
7.77 . 1287 .0105 -0.0020
6.45 . 1550 .0106 -0.0010
4.37 .2288 .0208 -0.0002
10.33 .0968 .0067 -0.0062
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) Table A3
Waverider 66967 Errors (Proportion) for
i 23 September 1981 and 1 December 1982

Datawell-Predicted
' Period, sec Frequency, Hz Difference Error d Error DW

23 September 1981

19.41 0.0515 -0.0786 -0.0706
b 16.3U4 0.0612 -0.0936 -0.0374
: 14.32 0.0698 -0.0784 -0.0226
Y 12.47 0.0802 -0.0828 -0.0132
10.56 0.0947 -0.0801 -0.0068
. 10.35 0.0966 -0.0794 -0.0063
3 9.28 0.1078 -0.0768 -0.0041
D 8.03 0.1245 -0.0786 -0.0023
; 5.98 0.1672 -0.0802 -0.0007
. 1 December 1982
. 20.64 0.048U -0.0641 -0.0878
15.50 0.0645 -0.0632 -0.0306
g 11.54 0.0867 -0.0640 -0.0097
: 10.50 0.0952 -0.0665 -0.0067
. 9.15 0.1093 -0.0668 -0.0039
6.64 0.1506 -0.0688 -0.0011
i 4.70 0.2128 -0.0694 -0.0003
<
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Table A4
Waverider 66968 Errors (Proportion) for Calibrations
on 26 August 1981 and 31 August 1982

Datawell-Predicted

Period, sec Frequency, Hz Difference Error d Error DW

26 August 1981

22.80 0.0439 -0.01M -0.1230
19.08 0.0524 -0.0062 -0.0664
16.48 0.0607 -0.0028 -0.0386
14,47 0.0691 0.0002 -0.0235
12.40 0.0806 -0.0043 -0.0129
10.40 0.0962 0.0002 -0.0064
10.26 0.0975 0.0009 -0.0061
8.81 0.1135 0.0022 -0.0033
7.57 0.1321 0.0047 -0.0018
6.45 0.1550 0.0059 -0.0010
5.40 0.1852 0.0064 -0.0005
4.33 0.2309 0.0132 -0.0002
31 August 1982
21.84 0.0U58 -0.0115 -0.1066
17.94 0.0557 -0.0056 -0.0530
14.34 0.0697 -0.0005 -0.0227
12.09 0.0827 -0.0025 -0.0117
10.26 0.0975 -0.0030 ~-0.0061
10.18 0.0982 -0.0022 -0.0059
8.69 0.1151 -0.0016 -0.0032
7.23 0.1383 -0.0006 -0.0015
5.77 0.1733 0.0006 -0.0006
4.40 0.2273 0.0133 -0.0002

6. Recently, Datawell has been working on this sensitivity-drift prob-
lem, and an improved modulator printed-circuit board has been made available
for bringing calibrations within specification and for preventing further
decrease in sensitivity. This modification was made for buoy 66968 and 66966
so the temperature-related error correction need not be applied. For buoy
66967, however, it is recommended that the correction be used. Datawell has
provided curves for correction of the calibration based on buoy temperature
when the buoy is measuring waves in the ocean. The NOAA Engineering Support
Office has developed a table based on the Datawell curve which can be entered

with the uncorrected difference error value d and the temperature of the

A6




N water during the time of buoy operation to determine the difference error \
correction (Table A5). The difference error correction is added to d to

obtain the corrected difference error D . For temperatures during buoy

operation greater than the buoy temperature during calibration (e.g., 22.4° C)

no correction is necessary. Water temperature values may best be determined

b from the water characteristics section or the CERC FRF Monthly Preliminary

b Summaries.*

*\ Table A5
Temperature-Dependent Sensitivity Error Adjustment

. Difference Water Temperature, °c
& d 22.4 20 18 16 14 12 10 8
; 0.00 0.000 0.001 0.001 0.001 0.001 0.000 -0.000 -0.002
& -0.01 0.007 0.008 0.009 0.010 0.011 0.011 0.o0mn
i‘ -0.02 0.009 0.012 0.014 0.016 0.018 0.019 0.020
’f -0.03 0.009 0.013 0.016 0.019 0.021 0.024 0.026
o’ -0.04 0.008 0.012 0.016 0.020 0.023 0.027 0.029
<$ -0.05 0.006 0.011 0.016 0.020 0.024 0.028 0.037
’ -0.06 0.004 0.010 0.015 0.020 0.025 0.030 0.034

: -0.07 0.003 0.009 0.015 0.021 0.026 0.031 0.036
1S -0.08 0.003 0.010 0.017 0.023 0.029 0.034 0.037
'S -0.09 ‘ 0.006 0.013 0.019 0.026 0.032 0.038 0.043
" -0.10 0.010 0.017 0.024 0,031 0.037 0.013 0.049
)"

;
Application of Error Corrections
Q)

,_ 7. Since these error corrections are oscillation-period dependent,

) their application requires that the wave data be decomposed into amplitude or
;: variance-spectrum coefficients for each frequenecy or period. A less accurate
L: but also less complicated procedure would be to apply a single correction to
i‘ the wave height H, based on the peak spectral wave period Tp and an
5. average water tempegature estimate. For correction of amplitudes or derived

a parameters linearly related to amplitude, a correction factor F(T) can be

y * These Summaries can be obtained from the FRF in Duck, N. C.
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cbtained from the sum of the Datawell DW and difference error D

(temperature-corrected, if necessary) by

1

I e T IP))

(A2)
which can be applied by multiplying the uncorrected amplitude by F(T) for
Tp . For correction of parameters related to the square of the amplitude
(i.e. total energy or variance spectrum coefficients) the following should be

used:

2
2 1
01 = [y (3)

8. To apply the correction, first the difference error between the
Datawell-predicted error and the error measured during calibration are deter-
mined. This difference error is then adjusted for the temperature-dependent
increase in electrical conductivity before the Datawell-predicted difference
error and the corrected difference error are summed. Finally, the decrease in
sensitivity (based on the wave period) is computed by adding 1 to the sum.

9. To demonstrate the use of the calibration results, the Waverider
buoy (620) located 3 km from shore recorded an Hmo of 4.3 m and Tp of
11 sec on 24 October 1982. Table A3 calibration results for 1 December 1982
(buoy 66967) give a difference error d for 11 sec of -0.0640. From Part V
of the main text, Water Characteristics, the water temperature is estimated to
be 15° C. Entering Table A5 with the difference error -0.06 and water temper-
ature of 15° C, the correction is 0.0175. This is added to the uncorrected
difference error d to obtain the corrected difference error D , i.e.,
-0.0465 = -0.0640 + 0.0175 . The corrected difference error (D = -0.0465) is
added to the Datawell-predicted difference error (DW = -0.0097) in Table A3
for Tp = 11 see, -0.0562 = -0.0465 + (-0.0097); and the sensitivity is com-
puted by adding 1, or 0.9438 = 1 + (-0.0562) .

10. This sensitivity is used to correct amplitudes and variance spectra
coefficients for 11-sec period. As indicated below, the corrected amplitude

= the uncorrected amplitude divided by the sensitivity, or

0?5333 = 4.6 m (6% increase)
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ﬁd and the corrected variance coefficient is
W
‘ﬁg' uncorrected variance coefficient
R
(0.9438)2

-~

, 11. In general, the wave statisties errors are near 5 percent for wave
?: periods less than 12 sec (12 sec is equal to the annual mean plus 1 standard
ﬁjs deviation wave period). Errors of this magnitude are generally tolerable for
B most engineering applications, although it is worthwhile to know the error
? bounds for some design considerations. When investigating coastal phenomena
:Q involving very long period swell of 15 sec or greater, such as surf beats and
ﬁx sediment accretion due to swell waves, these corrections will produce signifi-

cant increases in the magnitudes of the wave parameters, and it is recommended

:”; that the corrections be used.
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Wy APPENDIX B: WAVE DATA
W
'y
o
f, Wave data summaries for 1982 and climatological summaries for 1980 through
s 1982 are presented in this appendix. The wave data are summarized in the
o following forms:
27§ a. Gage histories. Table B1 includes information about the gages, gage
e installations, and major interruptions in the data collection at the
o Coastal Engineering Research Center's (CERC's) Field Research Facil-
) ity (FRF) in Duck, N. C. Short interruptions in the operational
4 status of the gages are not mentioned.
§§ b. Time-histories., A continuous display of individual wave height and
22' peak spectral wave period values are plotted as a function of time
p%, throughout the year (Figures B1, B1l4, B22, and B30). So that the
SN sequence of the data can be followed easily, solid lines connect
consecutive data points for times when there are fewer than 24 hr
2% between observations.
';f ¢. Annual, seasonal, and monthly maxima, mean, and standard deviations
ﬁ; of wave height and peak period. Mean 1982 wave height and standard
o deviation, mean peak wave period and standard deviation, and extreme
7 wave heights are listed in Tables B2, B10, B18, and B26; 1980
i through 1982 values are in Tables B6, B14, B22, and B30. Also
S included is the total number of observations obtained. At four
323 observations per day, the maximum number of observations per month
.:; (based on a 30-day period) is 120.
\
et d. Maxima, mean, and standard deviations of wave height and peak
period. The 1982 data presented in the tables described above are
e also graphed (Figures B2, B15, B23, and B31) for each month and the
ey year; 1980 through 1982 data are graphed in Figures B9, B19, B27,
el and B35. The standard deviations are presented as vertical bars
0 originating at the mean value and extending to the mean plus one
0 standard deviation value. The extreme values are plotted above. No
‘; extreme period values are presented.
;‘: e. Joint distribution functions of wave height versus peak period.
Mo Annual, seasonal, and monthly joint distribution tables are
N presented for 1982 in Tables B3, B4, B11, B12, B19, B20, B27, and
@f B28. Data for 1980 through 1982 are in Tables B7, B8, B15, B16,
I B23, B24, B31, and B32. Each table gives the frequency (in parts
.. per 1,000) for which the wave height and peak period were within the
X specified intervals; these values can be converted to percent by
‘0 dividing by 10. Marginal totals are also included. The row total
- gives the total number of observations out of 1,000 which fell
f . within each specified wave height interval. The column total gives
=74 the number of observations out of 1,000 which fell within each
$f specified peak period interval.
s,
oo f. Cumulative distributions of wave height. For each gage, annual,
e seasonal, and monthly wave height distributions for 1982 are plotted
1) in cumulative form in Figures B3, B4, B16, B17, B24, B25, B32, and
W B33; data for 1980 through 1982 are in Figures B10, B20, B28, and
‘ B36.
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! g. Peak spectral wave period distributions. Annual, seasonal, and

8 monthly peak wave period distribution bar charts for 1982 are pre-
sented in Figures BS5, B6, B18, B26, and B34; data for 1980 through
1982 are in Figures B11, B21, B29, and B37.

h. Persistence of wave heights. Tables B5, B13, B21, and B29 show the
number of times throughout 1982 when the specified wave height was
equaled or exceeded at least once during each day for the duration

b (consecutive days) indicated; data for 1980 through 1982 are in

s Tables B9, B17, B25, and B33. For examplz, for gage 625 (Table B5)

& wave heights equaled or exceeded 1.0 m 54 times for at least 1 day;
34 times for at least 2 days; 26 times for at least 3 days; 17 times

» for at least U4 days; etc. Therefore, on 20 occasions one would

3 expect the height to have equaled or exceeded 1.0 m for 1 day

X exactly; on 8 occasions for 2 days; on 9 occasions 3 days; etc.

“ Note that the height exceeded 1 m 54 times for 1 day or longer,

k while heights exceeded 0.5 m only 18 times for this same duration.
This occurred because the longer durations of lower waves may be

2 interspersed with shorter, but more frequent, intervals of higher

waves. For example, the one time that wave heights exceeded 0.5 m
for 109 days may represent 5 or 10 times the height exceeded 1 m.

Wave roses. For gage 625 (pier-end Baylor), wave roses showing the
g distribution of wave height versus approach angle are presented.
1982 data are in Figures B7 and B8, while 1980 through 1982 data are
in Figures B12 and B13. The angles are referenced to true North.
Northerly wave angles (less than 70 deg) generally produce southward
currents, while southerly wave angles (greater than 70 deg) produce

([
M

- J‘-‘.

3
'{ northward currents.
]. Spectra. Spectra for gage 625 (pier-end Baylor) for days when wave
. heights exceeded 2 m are presented in Figure B38. The plots show
- energy density as a function of wave frequency for all available
b times throughout the day.
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.x Table B2
\t 1982 Wave Statistics for Gage 625

N Standard

] Standard Mean Deviation

7 Mean Deviation Period Period Extreme Number
&} Month Height, m Height, m sec sec Height, m Date Observations
"y

: Jan 1.0 0.5 8.6 3.0 2.9 1 96
" Feb 1.2 0.6 8.8 2.4 3.1 18 102
v Mar 0.9 0.3 8.2 2.2 2.2 1 107
-2‘2; Apr 1.0 0.4 7.5 1.8 2.5 28 89
. May 0.8 0.3 9.5 1.6 2.0 12 121
¢ Jun 0.8 0.4 9.1 2.6 1.8 10 117
‘.' Jul 0.5 0.2 7.8 2.4 1.3 1 105
i Aug 0.6 0.3 7.8 2.4 2.1 29 120
E. Sep 0.9 0.3 7.7 2.0 1.8 30 118
L Oct 1.3 0.7 10.1 3.1 3.5 24 123
! Nov 1.1 0.6 8.4 3.1 2.6 23 115
h Dec 1.0 0.6 9.8 3.5 2.9 12 102
3 Jan-Mar 1.0 0.5 8.5 2.5 3.1 Feb 305

Apr-Jun 0.8 0.4 8.8 2.2 2.5 Apr 327

§ Jul-Sep 0.7 0.3 7.8 2.2 2.1 Aug 343
Oct-Dec 1.2 0.6 9.4 3.3 3.5 Oct 340
Fi

i Annual 0.9 0.5 8.6 2.7 3.5 Oct 1,315
‘i
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ﬁ;:: Table B3
’::: 1982 Annual and Seasonal Joint Distribution of Wave
53 .
-ji{g» Height Versus Peak Period for Gage 625
e ANNUAL
uE PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
%'i*}t HE IGHT {NETERS) PERIOD(SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
»
0y 0.00 - .49 .12 2 & A 170 o220 uH 8 1 1 127
e .50 - .99 ., 2 2% 33 3 6 S6 8 81 S& 2 5 1 517
P £.00 - 1.49 . . 7 3% S50 33 4 2 2 A 13 3 . 225
Y 1.50 - 1,99 .. . 5 23 16 3 3 & & 9 3 . 74
o 2.00 - 2.49 . . . . S & S . 1 5 s 9 i 37
i 2.50 - 2.99 .. . . .2 .1 o213 a3 2 14
1,00 - 3.49 .. .. . .. 22, b
i"i 3.50 - 3.99 . . . . s i . . b . 2
o 3.00 - 4.49 .. . . ... 0
:".! 4.50 - 4.99 » . . s . . . . . . . 0
e 5,00 - GREATER . . . ) . . .. .. . 0
o T0 0 3 33 70 147 139 9% 139 143 100 & 56 15
%
P SEASONAL  JAN-NAR
. PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
I 1_’;; HE IGHT (NETERS) PERIOD(SECONDS) TOTAL
S 1.0- 3.0- 4.0- 5.0- 6.0- 7.0~ 8.0- 9.0~ 10,0- 11,0~ 12,0- 14.0- 17.0-
bt 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
L/
’ 0.00 - .49 .. . . 3 3 71 @3 . 3 ., 29
_ .50 - .99 .. 30 43 33 30 s 52 8 i 3B 30 3 515
[ 1.00 - 1.49 . . 10 39 52 S& 20 2 4 3 3 . . 282
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Y 3.00 - 3.49 . . . . 7 . . 7
:kg 3.50 - 3.99 . . e \ \ . .. . 0
- 4,00 - 4.49 ) . . . . . . ... 0
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}. 29 3.9 49 59 69 7.9 8.9 9.9 10.9 1i.9 13.9 16.9 LONGER
458 0.00 - .49 i .. 9 % 2 W 9 3 b 3 99
e, .50 - .99 . 3 15 4 43 8 89 159 135 34 . 2 b 612
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31 2.00 - 2.49 . R . \ . .3 . b
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t '. 3'00 - 3-49 . . . . . . . . . 0
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oy 3,00 - 4,49 e . 0
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PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

K

& HE IGHT (NETERS) PERI0D(SECONDS) TOTAL

s 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0~ 10.0- 11,0- 12.0- 14,0- 17.0-

3 29 3.9 4.9 5.9 49 7.9 89 9.9 10.9 11.9 13.9 14.9 LONGER

) 0.00 - .49 .03 b6 b6 23 61 MW & 17 B 17 . 37

. .50 - .99 . & 3 3 120 87 2 1B &1 20 3 b . 484

X 1.00 - 1.49 . . & 2% 5 9 17 20 20 12 & . . 166
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& 2.00 - 2.49 e 3

@| 25 -2u99 . » . . . » . . . . . . . 0
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t 3.50 - 3.9 . . . . . . 0
400'449 . . ] . . 0
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‘ :"’ 1982 Monthly Joint Distribution of Wave Height
3\,:-; Versus Peak Period for Gage 625
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Sk NONTH JAN
e PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
2*2 HE IGHT (NETERS) PERI0D (SECONDS) TOTAL
ad 1.0- 3.0~ 4.0- 5.0- 6.0~ 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 1i.9 13.9 16.9 LONGER
84
oW 0.00 - .49 O 1) S U S ST S T S 72
by 50 -~ .99 ., . S2 81 4 3 & 1 1 13 9% 8 . 520
e 1.00 - 1.49 . . .03 2 2 42 10 3 3 . . . 228
NG 1.50 - 1.99 .. .10 02 7B, 10 10 . . . . 124
gy ggo -2.89 . . . .2 . o 10 . . . fé
. a - :l"‘; L] . [ ] . ] . . . . . . (]
3.00 - 3.49 . » L] - [ ] a . [ ] . e L] . . o
e 3.50 - 3.99 L 0
¥ty 5,00 - 4.49 . . . . . . . 0
1 o GREATER T . 0
’%‘ \ 707 0 0 52 126 135 146 9 40 82 135 9% 93 0
L s \\
T HONTH FEB
L PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
&
; iy HE 1GHT (NETERS) PER 10D (SECONDS) TOTAL
o0 1.0- 3.0~ 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 4.0~ 17.0-
s 29 3.9 4.9 59 69 1.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
" 0.00 - .49 T, .. 0
§ 50 - .99 e . 1 L " ™ M e s . 10 10 3
s 1.00 - 1.49 .. 2003 ¥ I/ 10 39/ &9 & W00 . . 34
& 1.50 - 1.99 . . . 20 M ¥ 2 . . .10 . . 167
KT 2.00 - 2.49 29 10 10 49
40 2.50 - 2.99 e T 2 T U 7 60
_ 3-00 - 3'49 . . . . . . . . . 20 . . . 2
b 3.50 - 3.99 e e e 0
. 150 < 499 . :
P 5.00 - L 0
g:; u TOTA 0 0 20 &9 117 13 &9 98 207 27 4 10 16
;;;‘ MONTH MAR
i PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
W
Yo HE IGHT (METERS) PERIOD(SECONDS) T0TAL
e L0~ 3.0- 4,0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0-  11.0- 12.0- 14.0~ 17.0-
5 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
i 0.00 - .49 A (- 19
gl .50 - .99 .. 3 3 S6 28 12 93 120 0 19 L 43
Ko 1.00 - 1.49 .. 9 &7 % 03 9 19 3%, . o 280
- 1.50 - 1.99 - Y . 27
- g.og - 233 L .9 . zg
T 2,50 - 2. . . . .
f 3.00 - 3.49 X S S h
\ 5.* 3'50 - 3'99 . . 2 1 ] » 0
oL - °
W, 90 - . . . . . . . 0
WA oo SREATER L L L L L L L L L L 0
i TOTA 0 0 4 84 121 131 140 12 167 177 9 0 0
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32‘ MONTH APR
Pt PERCENT OCCURRENCE(X10) OF WEIGHT AND PERIOD
- HE 1GHT (NETERS) PERIOD(SECONDS) TOTAL
-,
. 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11,0- 12.0- 14,0- 17,0
LS 2.0773.9 89759 6.9 1.9 8.9 9.9 10.9 11.9 13.9 169 LONGER
ARG
v1) 0.00 - .49 N ST ¢ S 22
0N 50 - .99 . YRR BT BT VAR B - BT - SR . 540
‘ 1200 - 1.49 S M % & 0M MooWw 2o . .. 337
o 1750 - 1.99 St S ¥ S 7 S ! N 78
Ml 2.00 - 2.49 S 0o, s Lo 1
) 2.50 - 2.9 S 1
- 3.00 - 3.49 A .. L 0
W 350 - 3.99 : oL 0
2 300 - 4.49 : . . L 0
.'_ 4 SU - ‘ 99 0 . . . . . . . . s . O
5 to - GREATER . . . N ’ . . . . . . . . 0
] TOTAL 6 0 68 78 134 247 135 158 48 11 0 0
AN
A
< MONTH MAY
Y PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
c"
e HE 16HT (METERS) PERIOD{SECONDS) TOTAL
i Lo 3.0- 8.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0 11,0- 12.0- 14,0- 17.0-
5 2.9°0.9 4.9 5.9 6.9 7.9 8.9 9.9 10.9 10.9 13.9 16.9 LONGER
K !! -
‘e 0.00 - .49 . . . 5 & 3 8 8 . . 107
o 150 - .99 .3 25 33 107 266 165 W . 8 . 684
o 1.0 - 1.49 - T v AR & 2. S S Y HEES 176
b 1.50 - 1.99 e S ¥ 2 2
700 - 2.49 L .. 8 . 8
e 2.50 - 2.99 oL L
o 3.00 - 3.49 . L L 0
‘- 3.50 - 3.99 . . . 0
3.00 - 4.49 : L o 9
DS 4.50 - 4.99 L 0
b 5.00 - GREATER S S 0
TOTAL 6 & 6 8 2 s 9 322 40 4 &2 ;W6
e
R HONTH JUN
e PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIQD
)
i HE IGHT (NETERS) PER 10D (SECONDS) TOTAL
§
sty 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
— 297739 4.9 5.9 6.9 7.9 8.9 9.9 10.9 11.9 13.9 156.9 LONGER
o 0.00 - .49 .. ... 2 M9 W™, 179 155
2 .50 - .99 L9 17 3 s W 77 o 103 9 . 511 591
N 1,00 - 1.49 . . % 9 . 9 st 17 4% .. 207
1S 1,50 - 1.99 A 7S v A 52
5% 2,00 - 2.49 L e 0
" 2150 - 2.99 S e Ll s 0
e 3.00 - 3.49 S LT e 0
o 3,50 - 3.99 L 0
"y 3.00 - 4,49 Ll 0
:"\l 4-50 - 4.99 . . . . . . . . . . . ’ '-)
ha 5.00 - GREATER S h
A TOTAL 0 9 17 52 e9 120 129 171 223 95 2% 68 26
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Table BY4 (Continued)

HE IGHT (METERS)

0.00 - .49
230 - .99
1.00 - 1.49
1.50 ~ 1.99
.00 - 2.89
2.5¢ - 2.99
1.00 - 3.49
3.50 - 3.99
4,00 - 4.49
4.50 - 4.99
5.00 - GREATER
TOTAL

HE IGHT(METERS)

AE IGHT {METERS)

0 - 2.99

DA A
.—\Al:.“:':‘" i.‘-.l r N ". "v

1.0-

2.9

MONTH JUL
PERCENT OCCURRENCE(¥10) OF HEIGHT AND PERIOD

PER10D(SECONDS)
3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0-
3.9 4.9 5.9 6.9 7.9 8.9
10 19 19 19 76 76 162
10 48 57 57 38 29 &7
. 19 19 38 10 . .
20 86 95 114 124 105 229

9.9 10.9

TOTAL

11.0- 12.0- 14.0- {7.0-
11.9 13.9 16.9 LONGER

g6 57 10 19 . 993
2?3 . . .

[ ]
o
ooooooooga

L — T}

15 8 10 19

MONTH AUG
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

PERIOD(SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11,0 12,0~ 14,0- 17,0
29 3.9 49 59 69 1.9 8.9 9.9 0.9 1i.9 13.9 149 LONGER
c ... 50 100 42 &7 42 ., & | . 401
. 8 25 4 1k 125 S0 33 4 17 8 8 . 525
S R T It
) . 8 8 . .o 16
) 8 . : . 8
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. . 0
) ) . 0
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. S . . 0
. L[] . . . . . . . . L] L] » 0
6 8 25 50 298 241 92 108 8 17 5 4 0
MONTH SEP
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
PERI0D(SECONDS) TOTAL
1.0- 3.0- 4.0~ 5.0- 6.0~ 7.0- 8.0- 9.0- 10.0- 11,0~ 12,0~ 14,0~ 17,0-
29739 49759 69 7.9 8.9 9.9 i0.9 1.9 13.9 16.9 LONGER
: .. . 88 B L., 24
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Table B4 (Concluded)

C
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y MONTH OCT
| PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHT (NETERS: PERI0D(SECONDS) TOTAL
: 1.0- 3.0- 4.0- 5.0- 4.0- 7.0- B8.0- 9.0- 10.0- 11.0- 12.0- 14,0~ 17.0-
3 2.9 3.9 4.9 59 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
s 0.00 - .49 . . . . .16 . . . 8 . . 2%
50 - .99 . . 8 .24 41 16 24 49 81 73 33 1b 365
1.00 - 1.49 . . S < R SO - . 1 3 8 51 8 . 277
. 1.50 - 1.99 . . . g 4 8 . J R R < I . 155
S 2.00 - .89 . . . . 8 . 8 . . . g8 41 8 73
- 2,50 - 2,99 . . . . . g . . . R RS R 56
i 3.00 - 3,49 . . . . . 8 . . 6 8 . 2
4 3.50 - 3.99 . . . . . . 8 . . 8 . 14
K. 4,00 - 4.49 . ) . . . . . . . . . 0
‘ 4.50 - 4.99 . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . by
TOTAL 0 0 8 41 114 154 32 a0 i3 105 203 138 40
- MONTH NOV
“ PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHT (KETERS) PER10D(SECONDS) TOTAL
S 1.0- 3.0- 4,0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14,0- 17.0-
7.9 3.9 49 5.9 6.9 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
0.00 - .49 . . . 9 . . 9 . . 2 . 44
L0 - .99 . . 26 bF 104 81 43 81 52 &) . 2% 17 494
1.00 - 1.49 . . .52 11 4 9 17 . 9 9 . . 252
1.50 - 1.99 . . . . 1717 . . . .17 . . 51
2.00 - 2.49 . . . 9 9 17 . 9 17 4 3B \ 139
- 2.50 - 2.99 . . . . . . . . .17 . 17
; 3.00 - 3.49 . . . . . . . . . . . 0
3.50 - 3.99 ; \ . . . . . . . . . . . 0
. 4,00 - 4.49 . . . . ) . . ) . . . ) . 0
L, 4,50 - 4,99 . . . . . . . . . . . . . 0
P 5.00 - GREATER . . . . . . . . . . . ) . 0
TOTAL 0 0 26 113 243 139 &9 78 70 49 49 108 17
WONTH DEC
PERCENT OCCURRENCE(X10) OF WEIGHT AND PERIOD
: I HE IGHT{METERS) PERIDD{SECONDS) TOTAL
) 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0~
{ 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
0.00 - .49 . ) . .10 .10 10 .00 20 . 60
.50 - .99 . .10 029 29 10 10 9 8 49 & 78 &9 539
1.00 - 1,49 . .10 20 718 10 . . . .29 10 X 57
1.50 - 1,99 . . . ! W% . .02 1 10 . 148
2,00 - 2.49 . . . 100200 10 ) L2000 W0 . 90
: 2.50 - 2.9 . . . ) .10 . . . . . . . 10
b 3.00 - 3.49 . . . . . . . . . . . . 0
) 3.50 - 3,99 . . . . . . ) . . . 0
' 4,00 - 4,49 . . . . . . . . . . . 0
! 4,50 - 4,99 . . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . ) . . . 0
TOTA 0 0 20 49 195 80 20 108 108 89 128 138 &9
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e Table B6
§§ 1980 Through 1982 Wave Statistics for Gage 625
3
N
- Standard
. Standard Mean Deviation
42j Mean Deviation Period Period Extreme Number
i;) Month  Height, m Height, m sec sec Height, m Date Observations
%)
k. Jan 1.0 0.6 8.1 3.0 2.9 1982 249
- Feb 1.1 0.6 9.1 2.5 3.1 1982 258
,:{ Mar 1.0 0.5 9.3 2.9 3.1 1981 294
o34 Apr 0.8 0.4 8.6 2.5 2.5 1982 238
f. May 0.8 0.4 8.6 2.3 2.7 1981 327
Jun 0.6 0.3 8.3 2.5 1.8 1982 265
Jul 0.6 0.3 8.0 2.5 1.5 1980 201
J_? Aug 0.7 0.5 8.4 2.7 3.1 1981 275
L) ]
o Sep 0.9 0.4 9.0 2.6 2.1 1981 272
G Oct 1.2 0.7 9.0 3.0 3.5 1980 343
.‘ Nov 1.1 0.7 8.8 3.3 3.5 1981 322
- Dec 1.0 0.6 8.7 3.1 2.9 1980 277
e
3 Jan-Mar 1.0 0.6 8.9 2.9 3.1 Feb 801
1982
A Mar
-5.::: 1981
& Apr-Jun 0.7 0.4 8.5 2.4 2.7 May 830
] "-\
o 1981
- Jul-Sep 0.7 0.4 8.5 2.7 3.1 Aug 748
o 1981
> Oct-Dec 1.1 0.6 8.8 3.1 3.5  Oect 942
s 1981
“»
s Nov
: 1981
S Annual 0.9 0.6 8.7 2.8 3.5 Oct 3,321
i 1981
5 Nov
1981
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Figure B9. 1980 through 1982 extreme, mean, and standard deviation
of wave heights and periods for gage 625
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et
:..& Table B7
::::, 1980 Through 1982 Annual and Seasonal Joint Distribution
b
3": of Wave Height Versus Peak Period for Gage 625
e ANNUAL
;g? PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
4
3& HE IGHT {METERS) PERIOD{SECONDS) TOTAL
s 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12,0~ 14.0- 17.0-
2.9 3.9 49 59 &9 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
l(u'
o 0.00 - .39 . 2 72 3 11 2 B 33 % 10 18 17 170
), 50 - .99 . b6 3 3% S8 49 53 &9 48 ¥ 3N 23 5 4bb
N 1.00 - 1,49 . . b 28 4 33 15 17 18 15 2A & 215
.«'. 1.50 - 1.99 . . {7 20 13 4 4 8 71 9 8 1 82
ot 2,00 - 2.49 . . . . 3 9% 3 3 2 5 8 9 i 39
e 2.50 - 2,99 . . . . t 2 3 2 2 1 5 3 1 20
3.00 - 3.49 . . . . . . 1 1 1 1 1 1 . b
Cagh 3.50 - 2.99 . . . . . . . . 1 . 1 . . 2
KA 4,00 - 4.49 . . . . . . . . . . . . . 0
Y, 4.50 - 4.99 ) . . . . . . . . . . . . 0
. j. 5.00 - GREATER . . ) . . . . . . . . . . 0
A TOTAL 0 B 39 74 139 122 107 129 135 18 93 &7 8
e
R SEASONAL  JAN-NAR
3 FERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
o HE IGHT {METERS) PER10D{SECONDS) T0TAL
250 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10,0~ 11,0- 12,0- 14.0- 17.0-
PR 7.9 3.9 4.9 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
o 0,00 - .49 01 4 T % o111 71 o9 . 82
) 50 - .99 1l 25 4 4 37 47 5S4 &7 S0 45 2t 449
o 1.00 - 1.49 . . 7 034 4 3% 15 17 50 17 40 7 . 269
1.30 - 1.99 . . . 10 24 2 b 9 17 71 il 1 118
> 2.00 - 2.49 . . . . i 7 5 5 2 ] § 19 . S3
& 2.50 - 2.99 . . ) {1 2 1 5 2 & & . 2
z . 3.00 - 3.49 . . . . . i . . z . 1 . 4
A1 3.50 - 3.99 . . . . . . . . . . . 0
i 1,00 - 4.49 . . . . . . . . . . 0
""J 4-50 - 4'99 * . '] . . s . . . . . 0
ol 5.00 - GREATER . . . . . . . . . . . . 0
e TOTAL 0 13 33 88 19 107 87 97 152 90 125 W 2
W
Py SEASONAL  APR-JUN
LY PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
™) I .
"‘ HE IGHT {METERS) PER10D{SECONDS) TOTAL
W 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0~ 11.0- 12.0- 14.0- 17.0-
el 2.9 3.9 49 59 69 7.9 8.9 9.9 109 1.9 13.9 16.9 LONGER
[)
~.-'£ 0,00 - .49 . 2 2 7 2 % 57 4 28 8 12 11 1 228
“ 56 - .99 . b6 30 3% 47 59 93 113 %% W 13 2 4 543
g 1.00 - 1,49 . . 5 19 22 24 20 20 W 19 7 2 . 173
S~ 1.50 - 1.99 . . . 4 5 1 s & 4 8 71 . . 49
b 2,00 - 2.49 . . . . t i . { 12 1 i 1 9
& 2,50 - 2.99 . . . . . i . . ! . . . . 2
7o 3.00 - 3.49 . . . . . . . . . . . . . 0
o 3.50 - 3.99 . . . . . . . . . . . . . 0
0y 4,00 - 4,49 . . . . . . . . . . . . . 0
Tu 4,50 - 4,99 . . . ) . . . . . . . . . 0
' 5.00 - GREATER . ) . \ . . . . . . . . . 0
3 TOTAL 0 8 37 4 99 111 175 186 162 &7 A0 40 &
‘g : (Continued)
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§ Table B8
1 1980 Through 1982 Monthly Joint Distribution of Wave
s |
o Height Versus Peak Period for Gage 625
]
o MONTH JAN
e PERCENT uccunnsncstxm) OF HEIGHT AND PERIOD
)
R 3 HE IGHT {RETERS) PERIOD{SECONDS) TOTAL
P 1.0- 3.0- 4.0- 5.0- 6.0- 7.0~ 8.0- 9.0- 10.0- 11.0- 12.6- 14.0- 17.0-
. 2.9 3.9 49 5.9 6.9 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
B .00 - .49 . 8 4 8 16 & W 12 2 8§ 12 8 . 132
o 50 - .99 . 24 3 b4 44 44 36 20 20 2B 52 32 . 417
) 1.00 - 1.49 ... T WM u 12 %1212 . . 256
& 1.50 - 1.99 . . . 8 16 3 4 122 12 12 . 8 . 108
T 2.00 - 2.49 .. . . 4% 12 & & 8 8 12 0 . 2
&) 2.50 - 2.99 1 S S 16
- 3.00 - 3.49 e e e e e s, 0
3.50 - 3.99 . e . e . 0
o .00 - 4.49 . .. .. 0
T §.50 - 4.99 e e e e e e e 0
! 5.00 - GREATER v e e e e 0
o TOTAL 0 32 S2 144 152 120 88 &0 112 68 92 W 0
" HONTH FEB
e PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
s HE IGHT {METERS) PER10D(SECONDS ) TOTAL
W 1,0- 3.0- 4.0- 5.0- 6.0~ 7.0- 8.0- 9.0- 10.0- 11,0~ 12.0- 14.U- 17.0
;*é 29 3.9 4% 5.9 6.9 7.9 B9 9.9 i0.9 1.9 13.9 16.9 LONGER
L1y 0.00 - .49 .. N N L T S S S R 48
.50 - .99 .4 & 19 3 2 4 M 9 & 44 8 & 414
" 1.00 - 1.49 . . 8 16 3 ¥ & 3 74 3 27 8 285
"N 1.50 - 1.99 . . . 2B ¥ 23 12 12 3 8 8 8 164
) 2.00 - 2.49 e 2 T ¥ 2 S TR U R 59
LX) 2.50 - 2.99 I - Y R T 2 23
B! 3.00 - 3.49 . . . . . . . . 8 . . . 8
) 3.50 - 3.99 e e e ... 0
Wy 4,006 - 4.49 . . . . . . . . . . . 0
4.50 - 4,99 . . e e e e e 0
" 5.00 - GREATER i . e .. .. .. 0
« TOTAL 0 4 12 62 19 105 B3 137 206 121 110 55 4
o MONTH MAR
0 PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
K
0 HE IGHT (NETERS) PER10D(SECONDS) TOTAL
< 1.0- 3.0~ 4,0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17,0-
- 2.9 3.9 4.9 5.9 69 1.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
Y
o 0,00 - .49 . . .3 7w o173 wo1q . 74
S .50 - .99 . 7 24 37 4@ 41 58 5 8 55 41 T . 49
o 1.00 - 1.49 .. 14 &4 34 4 7 10 A W75 . 273
n 1.50 - 1.9 .. . .17 73 3 w3 uow 3 90
2 2.00 - 2.49 .. . N A .3 7. 34
X 2.50 - 2.99 e e e . .1 72 . 3 o331 . 2
3.00 - 3.49 e . B 6
o 3.50 - 3.99 . . . .. .. 0
~ 4,00 - 4.49 . e e e .. 0
i~ 4.50 - 4.9 . e e 0
< 5.00 - GREATER . e ... .. . 0
D TOTAL O 738 el 102 102 95 95 142 87 187 98 3
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Table B7 (Concluded)

X SEASONAL  JUL-SEP
B PERCENT OCCURRENCE{X10) OF HEIGHT AND PERIOD
1.;:! HE IGHT {NETERS) PERIOD(SECONDS) TOTAL
N 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
oA 29 3.9 49 59 6.9 7.9 8.9 9.9 10.9 11.9 3.9 16.9 LONGER
i.ﬁ 0.00 - .49 . 5 3 3 12 48 3 68 3% 15 u U 3 301
50 - .99 . 4 29 32 8 71 &4 & 83 2 5 A 3 448
1.00 ;.49 . . 3 024 4 23 15 5 6 % 12 7 . 165
- 1.50 - 1.9 . . . 7 9 7 . < I S R S | . 4
2.00 - 2.49 . . . . 1 . . . . 3 9 3 . 16
3N 2.50 - 2.99 . . . . . . 1 1 1 . 3 . . 6
\.' 3.00‘3-49 . . . . s . . l . l . . . 2
: : 3-50-3-99 . . . . s . . . » . . . 0
4N 4,00 - 4.49 . . . . . . . . . . . . . 0
¥ 4,50 - 4,99 . . . . . . . . . . . . . 0
5.00 - GREATER . . ) . . . . . . . . . . 0
N TOTAL 0 9 35 &3 150 149 95 152 140 S8 75 65 &
Ko
koS
R SEASONAL  OCT-DEC
R PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
}'—" HE IGHT (METERS) PERIOD(SECONDS) TOTAL
RV 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B8.0- 9.0- 10.0- 11.0- 12,0~ 14.0- 17,0~
P! 29 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
s 0.00 - .49 .. 2 . 3 7 W 2 u 8 B 15 . 91
50 - .99 . 3 033 3% 63 34 3 4 S0 47 B N 12 420
1.00 - 1.49 . . 7 37 8 4 12 17 14 4 3 . 244
o 1,50 - 1.99 . . 20 6 38 2 4 .6 113 15 i 117
% 2.00 - 2.49 . . . . 7 8 7 S 5 8 14 W i 69
' 2.50 - 2.99 . . . . 2 & 6 4 2 1 115 2 37
e 3.00 - 3.49 . ) . . . . 1 1 2 1 4 2 . 1
oty 3.50 - 3.9 . . . . . . . . 2 . 2 1 . 5
- 4,00 - 4,49 . . . . . . . . . . . . . 0
W 4,50 - 4.99 . . . . . . . . . . . . . 0
, 5.00 - GREATER . . . . . . . . . . . . . 0
e TOTAL 0 3 4 79 181 120 71 85 92 %0 126 89 14
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' Table B8 (Continued)
]
W
i
. NONTH APR
R PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE JGHT (METERS) PER10D{SECONDS) TOTAL
Lo 3.0- 4,0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12.0- 14,0~ 17.0-
R 2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
2 0.00 - .49 . & . & 8§ U ¥ n un 8 1B B . 154
W .50 - .99 .. 2 3 & T4 8 92 126 59 8 9 4 557
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! Figure B10. 1980 through 1982 annual and seasonal cumulative
W distribution of wave height for gage 625
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Table B9
1980 Through 1982 Persistence of Wave Heights for Gage 625
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Table B10
1982 Wave Statistics for Gage 620

oAb as i ot ool aah aad sod Mol B Sad dad el Ses Sed dog Snd Sad it Sadk-Sad-Sak ek SadC At Eadt Aol S i i

W W W W NN e

Standard
Standard Mean Deviation

Mean Deviation Period Period Extreme Number
Month  Height, m Height, m sec sec Height, m Date Observations
Jan 1.1 0.6 8.4 2.8 3.3 1 112
Feb 1.3 0.6 8.6 2.4 3.4 28 110
Mar 1.0 0.3 8.0 2.2 2.1 1 115
Apr 1.0 0.4 7.3 1.9 2.6 28 111
May 0.7 0.3 9.1 1.7 2.0 12 117
Jun 0.8 0.3 8.5 2.3 1.6 10 93
Jul 0.5 0.2 7.8 2.1 1.2 6 92
Aug 0.5 0.2 7.6 2.3 1.3 26 81
Sep 0.9 0.3 7.3 1.8 1.7 26 112
Oct 1.2 0.7 9.9 3.0 4.3 24 116
Nov 0.9 0.3 7.7 2.9 2.1 13 7
Dec 1.2 0.7 8.9 3.2 3.9 12 113
Jan-Mar 1.1 0.5 8.3 2.5 3.4 Feb 337
Apr-Jun 0.8 0.4 8.3 2.1 2.6 Apr 321
Jul-Sep 0.7 0.3 7.5 2.1 1.7 Sep 285
Oct-Dec 1.1 0.6 9.0 3.2 4.3 Oct 306
Annual 0.9 0.5 8.3 2.6 4.3 Oct 1,249
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HE IGHT (NETERS) PER10D(SECONDS) TOTAL
: 1.0 3.0- 8.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0-  11.0- 12.0- 14.0- 17.0-
2.9 3.9 4.9 5.9 5.9 7.9 8.9 9.9 10.9 11.9 13.9 16,9 LONGER
5 0.00 - .49 47 14 18 e 3 &7 B ou02® 1 . 284
50 - .99 7 14 & 105 109 7 98 25 25 11 4 . 524
| 1,00 - 1.49 . 4 8 S % 2 u o Loa . . 181
} 1,50 - 1,99 1 T 18
o 2,00 - 2,49 Lo 0
7.50 - 2.99 S L . Q
R, 3.00 - 3.49 L 0
. 3,50 - 3.99 ) ) oo 0
.00 - 4.49 S S 0
4.50 - 4.9 N L 0
, 5,50 - GREATER S, 0
. TOTAL 6 41 7 19 190 19 151 176 SO0 3 4 15 90
]
y
§
. SEASONAL  OCT-DEC
‘ PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
< HE IGHT (NETERS) PERIOD(SECONDS) TOTAL
b LO- A& a0 S 60 7.0 B0 9.0 10,0 L0 12.0- 14,07 17.0-
4 2.9 2.9 49759 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
: 0.00 - .49 T T B B 22
150 - .99 L th 42 Sk &9 29 Sb 49 49 85 4 2 510
1,00 - 1.49 A R . T T AT S T S 225
y 1050 - 1,99 oL L o & 7 10 3 71 71w 1 . 122
\ 200 - 249 R N SRS BN S S S 9
250 - 2.99 S S T . :
3.00 - 3.49 o i L 3
3,50 - 3,99 L S S B 10
£ - 3 Lo | L 3
A 1,50 - 4.9 L 5
) $:00 - CRLATER A L 0
- TOTAL 0 0 b 8 19 8 5 M &3 88 10 95
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%{ Table B12
§% 1982 Monthly Joint Distribution of Wave Height
y Versus Peak Period for Gage 620
tf,;c’
o HONTH JAN
o PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
)
-;:e:k' HE IGHT (NETERS) PERIDD (SECONDS) TOTAL
)
A 1.0- 3.0- 8,0- 5.0- 8.0- 7.0- B.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
pa 29 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
S 0.00 - .49 I 2 VAR SR S B 7
'hr 50 - .99 .9 A5 S& 3% 45 9 18 80 62 &2 S& . 474
4 1.00 - 1.49 ... 27 S& 18 ., 1B 45 3 9 . . 207
A 1.50 - 1.99 ... 1B 80 & . 9 9 . . .. 178
i 2.00 - 2.49 N A | 9 . .. 54
2.50 - 2.99 .. 2 9
. 3.00 - 3.49 2 9
G 3.50 - 3.99 e e e e e e e 0
ol 4.00 - 4,49 e e e e e e s, 0
e 4,50 - 4.99 C e e e 0
Y 5.00 - GREATER e e e e e e, 0
o L 0 9 45 99 206 152 9 45 188 107 80 63 0
h MONTH FEB
i PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD
5
o KE IGHT (NETERS) PERIOD(SECONDS) TOTAL
4“'-)"
) 1.0~ 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10,0- i1.0- 12.0- 14.0- 17.0-
% 29 3.9 49 59 &9 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
! 0.00 - .49 . C e e, .
.50 - .99 .. 27 18 . 9 3 13% 8 9 9 9 335
e 1.00 - 1.49 . 9 27 45 73 18 3 & 8 5 . . . 390
o) 1,50 - 1,99 e . .9 59527 3% . . e 12
o 2.00 - 2.49 e 1 T R A 63
KRG 2.50 - 2.99 I 7 A R R 54
Kk 3.00 - 3.49 . I . 27
e 3.50 - 3.99 . e e e e e 0
LA 4,00 - 4.49 e e e e e e 0
! 4.50 - 4.9 e e e e 0
b 5.00 - GREATER .. e e e 0
i TOTAL 0 9 27 81 164 72 Bl 99 254 155 % 9 9
AT NONTH MAR
% PERCENT OCCURRENCE{X10) OF HEIGHT AND PERIDD
[ J
HE IGHT {METERS) PER10D(SECONDS) TOTAL
1 ;}: 1.0- 3.0- 4.0- 5.0~ 6.0- 7.0- B8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
-1 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
Sl 0.00 - .49 . . . . . . . . . . . . . 0
e .50 - .99 .9 43 61 43 S22 130 10d 9% & . . 607
. 1.00 - 1.49 . . . 3B % B 8 9 2% 9 . . . 296
Sy £.50 - 1.99 T & 2 S 70
Ty 2.00 - 2.49 1 & 2 26
N 2.50 - 2.9 C e e e 0
Wy 3.00 - 3.49 . . . . . . . . . . . . . 0
53
Al . . . . N . . . . . . . . 0
el 4,50 - 4.99 . . . . . . . ) . . 0
{0 5.00 - GREATER C e e e e e 0
Ny 4 TOTAL 0 9 43 9% 174 139 8 148 147 114 43 0 0
S (Continued)
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W Table B12 (Continued)
N
, NONTH APR
f, PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
~ HE IGHT (METERS) PER 10D (SECONDS) TOTAL
g 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11,0- 12,0- 14,0- 17.0-
o 2.9 3.9 4.9 59 6.9 7.9 8.9 9.9 10.9 1i.9 13.9 16.9 LONGER
o 0.00 - .49 S T Ty B S 54
0 .50 - .99 .27 27 45 81 108 72 s& &3 18 . . . 435
1.00 - 1.49 .09 9 3% 77 0 270 o.o% ... 374
- §03 - 1.33 . xg 18 18 9 23 e, L. 99
» . - 2- ! . . . . » . . 8
) 2.50 - 2.99 ... \ g
: 3.00 - 2.49 ... 0
b 3.50 - 3.99 S 0
K 4.00 - 4.49 . 0
o 4.50 - 4.99 . e e 0
5.00 - GREATER e T 0
. TOTAL 3% 36 108 171 225 126 162 99 3 0 0 0
y MONTH MAY
o PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHY (METERS) PER 10D (SECONDS) TOTAL
(Y 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17,0-
3 2.9 3.9 4.9 5.9 69 7.9 89 9.9 10.9 11.9 13.9 16.9 LONGER
1 0.00 - .49 . .. .9 17 . sto9 9% % .. 104
o 50 - .99 D9 17 . 17 s0 103 282 128 77 . . . 693
Y .00 - 1.49 At B & A TSN T S B & S 188
o 1,50 - 1.99 1 9
2.00 - 2.49 R 9
. 2.50 - 2.99 Ll 0
o 3.00 - 3.49 : 0
' 3.50 - 3.99 . 0
0 3.00 - 4.49 . 0
- 4.50 - 4,99 . 0
A 5.00 - GREATER A 0
N TOTAL 6 9 17 17 26 77 120 359 17 143 I/ 9 0
\ WONTH JUN
*: PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
& YE IGHT (METERS) PERI0D(SECONDS ) TOTAL
i 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11,0~ 12,0~ 14.0- 17,0-
. 2.9 3.9 4.9 5.9 69 7.9 8.9 9.9 10.9 {1.9 13.9 16.9 LONGER
Ko 0.00 - .49 R | B 2 7 R LR 86
50 - .99 Tl 2 45 18 5 1St & 1 s . 3! . 647
: 1.00 - 1.49 oo o 2 w2 838 s, 260
[ 2 1.50 - 1.9 A | S - 2P 33
" 2.00 - 2.49 C e e e e e e e e e 0
M 2.5 = 2'99 . . . . . . 2 . . » . . 0
3.00 - 3.49 L e e . 0
Iy 3-50 - 3-99 . . . . . . . . . . . 0 0
-\ ‘-00 - 4-‘9 . . . . . 0
_- 4,50 - 4,99 . .. .. . 0
. 5,00 - GREATER /S 0
‘n:. TOTAL O 0 22 76 130 108 216 109 140 119 54 3 O
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',:s Table B12 (Continued)

» MONTH JUL
PERCENT DCCURRENCE(X10) OF HEIGHT AND PERIOD
RO HE IGHT (METERS) PER10D(SECONDS) TOTAL
g 1.0- 3.0- 4,0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
et 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
Rn 0.00 - .49 L1t 11 2 7 120 1% N N nr o . 535
.50 - .99 . .l % &5 48 B e 112 . o1 . 370
o 1.00 - 1.49 . . . 083 2 . . . . . . . 98
PR, 1.50 - 1,99 . . . . . . . . . . . . 0
§ K 2-00 - 2.4 . » . . N . . . . . . . . 0
i .50 - 2.99 . . . . . . . . . . . . . 0
e 3.00 - 3,49 . . . . . . . . . . . . . 0
" 3,50 - 3.99 . . ) . . . . . . . . . 0
"- 4-00 - 4-49 . . . . . . . N . . . . . 0
4,50 - 4,99 . . . . . . . . . . . . . 0
- 5.00 - GREATER . . . . . . . . . . . 0
3:;' TOTAL 0 11 22 130 120 141 153 294 33 55 2 2 D
o
K]
) HONTH AUG
", PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
e,
4 s HE IGHT (METERS) PERI0D(SECONDS) TOTAL
~. 1.0- 3.0- 4.0- S5.0- 6.0- 7.0- B8.0- 9.9- 10.0- 11.0- 12,0- 14.0- 17.0-
A8 2.9 3.9 4.9 S.9 49 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
s
> 0.00 - .49 . .o1200% 37 o123 3 . 5 . 82 5. 346
25' .50 - .99 To12 12 2% 173 20 M 12 3B AN . . 617
Sy 1,09 - 1.49 . . R B . . . . . . . . 37
1,50 - 1.99 . . . . . . . . . . . . 0
2.00 - 2.49 . . . . . . . . . . . . . 2
Yoy 2,50 - 2.99 . . . . . . . . . . . . . 0
A0 3.00 - 3.49 : L e e e e e e e e 0
SN 3.50 - 3.99 . . . . . . . . . . . . . 0
o 4,00 - 4,49 . . . . . . . . . . 0
e 4,50 - 4.99 . . . . . . . . 0
L 5.00 - GREATER ) . . . . . . . . . . . . 0
_ TOTAL 0 12 24 75 222 333 My 12 62 25 9 25 0
v""." A
2, MONTH SEP
e PERCENT DCCURRENCE(X10) GF HEIGHT AND PERICD
-
g HE ICHT (NETERS) PERIOD{SECONDS) TOTAL
a4
‘ 1.0- 3.0- 4,0- 5,0- §.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14,0~ 17,0-
v 29 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 12.9 14.9 LONGER
X 0.00 - .49 T S 2
0 50 - .99 . 9 18 4 89 8y i1 18! 27 27 . . . 581
i 1,00 - 1,49 . . 9 7t 17 45 S4& 27 27 . 9 . . 349
.:j 175 - 1.99 . . .80 . . . . . . . . is
s 2.20 - 2.:3 . . . . . . . . . . . . . ¢
. Z2.50 - 2,99 . . . . . . . . . . . . . i\
%.go - 35’3 S . 0
o 300 - 4.49 e, S 0
- 4,50 - 4,99 . . . . . . . . . . . . . 0
e 5.00 - GREATER . . . . . . . . . . . . . 0
YN TOTAL a9 27 143 223 134 179 190 4 27 % 0 0
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Table B12 (Concluded)

MONTH OCT
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HE IGHT (METERS) PERI0D(SECONDS) TOTAL
1. 0* 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0-10.0- 11.0- 12.0- 14.0- 17.0-
29 39 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0.00 - .49 . . A . . . . . . 34
50 - .99 . 9 17 M M 2% 2 43 78 121 2% 9 421
1.00 - 1.49 . 2% U 8 17 9 17 17 43 26 232
1.50 - 1.99 ] 9 4 . 9 9 17 9 4 4 182
2.00 - 2.49 . . 9 9 . . . WK 2 9 87
2.50 - 2.99 . 9 9 . . 9 . . 27
3.00 - 3.49 . . . . . 0
3.50 - 3.99 . 9 . . 9
4.00 - 4.39 ‘ . . . . 9 . 9
4.50 - 4.99 . . . . . . . . 0
5.00 - GREATER . . . . . . ‘ ‘ . . . . 0
TOTAL 0 0 9 52 120 129 & 53 M7 U3 DO 12 i8
MONTH NOV
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERICD
HE IGHT (METERS) PER10D{SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0-10,0- 11.0- 12.0- 14,0~ 17.0
2.9 39 49 5.9 69 7.9 8.9 9.9 10.9 11.9 {19 16.9 LONBER
0.00 - .49 . . . . . . . . . . . 0
S0 - .99 . . 2 91 78 19 52 18 S22 26 13 52 00N 676
1.00 - 1.49 . . .03 143 ¥ 1 . . . . . . 234
1.50 - 1.99 . . . . W W% 2% . ] . . 78
2,00 - 2,49 . 13 . . . . . 13
2,50 - 2.99 . . . . . . 0
3-00 - 3-‘9 . . . . . . 0
3.50 - 3.99 . . . . . . ¢
4,00 - 4.49 . . . . 0
4.50 - 4.99 . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 0 ¢ 26 130 247 47 91 M 52 W 13 92 ¥
MONTH DEC
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE ICHT (METERS) PER 10D (SECONDS) TOTAL
1.0- 3.0- 4.0- 5,0~ 6.0- 7.0- B.0- 9.0- 10,0~ 11.0- 12.0- 14.0- {7.0-
29 3.9 4.9 59 69 7.9 8.9 9.9 10.9 i1.9 13.9 16.9 LONGER
0.00 - .40 . . . . . . . 9 . . . 9 9 27
30 - .99 18 3 6 ¥ &4 N 53 B M4 2 486
1.00 - 1,49 . 27 80 271 7 . . 21 . . 215
1.50 - 1.99 . 18 53 . . . . 9 9 . . 89
2.00 - 2.49 . . 4 35 . 18 . 27 y 7 . 160
2.30 - 2,99 . . . . . . . . 0
3.00 - 3.49 . 9 . 9
3.50 - .99 . . 9 9 18
4,00 - 4.49 . . 0
L,80 - 84,99 . . . . 0
¢ 13 B0 239 97 80 107 53 107 89y 98 3
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Figure B15. 1982 extreme, mean, and standard deviation
of wave heights and periods for gage 620
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b. Wave periods
Figure B19. 1980 through 1982 extreme, mean, and standard
deviation of wave heights and periods for gage 620
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Table BiY
1980 Through 1982 Wave Statistics for Gage 620
Standard
Standard Mean Deviation
Mean Deviation Period Period Extreme Number
Month Height, m Height, m sec sec Height, m Date Observations
Jan 1.1 0.6 7.8 2.9 3.3 1982 281
Feb 1.2 0.6 8.8 2.6 3.4 1982 262
Mar 1.1 0.6 9.0 3.0 3.6 1980 292
Apr 0.9 0.4 7.7 2.7 2.6 1982 274
May 0.8 0.4 8.1 2.3 2.6 1981 296
Jun 0.7 0.3 7.7 2.2 2.1 1981 24y
Jul 0.6 0.3 7.7 2.h 1.6 1980 255
Aug 0.7 0.5 8.1 2.3 3.6 1981 234
Sep 0.9 0.4 8.8 2.7 2.4 1981 271
Oct 1.2 0.7 8.8 2.9 4.3 1982 347
Nov 1.1 0.7 7.9 3.1 4.1 1981 254
Dec 1.2 0.7 8.1 2.9 5.6 1980 329
Jan-Mar 1.1 0.6 8.5 2.9 3.6 Mar 835
1980
Apr-Jun 0.8 0.4 7.8 2.4 2.6 May 814
1981
Apr
1982
Jul-Sep 0.7 0.4 8.2 2.5 3.6 fAug 760
1981
Oct-Dec 1.2 0.7 8.3 3.0 5.6 Dec 930
1980
fAnnual 1.0 0.6 8.2 2.7 5.6 Dec 3,339
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Table B15
1980 Through 1982 Annual and Seasonal Joint Distribution
of Wave Height Versus Peak Period for Gage 620
ANNUAL
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIDD
HE IGHT (METERS) PERIOD(SECONDS) TOTAL
1.0~ 3.0- 4,0- 5.0- 6.0~ 7.0- 8.0- 9.0- 10.0- 15.0- 12.0- 14.0- 17.0-
2.9 3.9 4.9 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0.00 - .49 { 1 3 7 8 13 26 29 13 5 15 8 1 130
S0 - .99 z 12 29 49 56 49 43 54 58 39 25 20 2 4468
1.00 - 1.49 i 11 34 37 31 20 17 25 18 20 & i 241
1.50 - 1.99 . 1 9 2 12 ) 10 b 8 [ . 93
3.09 - ;2.49 . . 2 8 7 4 4 3 ) 7 5 1 45
2.90 - 2.99 . . . 1 3 1 1 1 2 3 | . 13
3.00 - 3.49 . . . . . 2 i . 1 It . 5
3.30 - 3.99 1 1 { 1 { S
4,00 - 4.49 . . . . i . . i
4.50 - 4.99 . . . . 0
9.00 - GREATER . . . . . . . . . . . . 0
TOTAL 3 14 44 101 158 115 128 122 11 77 B0 47 3
SEASONAL  JAN-MAR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHT {METERS) PERIOD{SECONDS) TOTAL
1.0- 3.0~ 4,0- 5.0~ 4,0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
29 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0.60 - .49 i . . 8 5 i 10 S 11 2 16 5 b4
50 - .99 . 12 24 44 35 24 29 48 13 37 29 20 1 382
1.00 - 1.49 . 1 17 46 61 25 23 18 49 25 37 i1 K)K!
1.50 - 1.99 . . 1 12 38 20 8 1t 23 4 10 12 139
2,00 - 2.49 . S 13 b ) 6 8 4 10 10 1 69
2.50 - 2.99 . . . . . 2 i . 5 2z B 4 . 22
3.00 - 3.49 . { 2 { 1 { . . b
3.90 - 3.99 . . . 2 1 . 1 . 4
4,00 - 4.49 . . . . . . . 0
4-50 - 4.99 . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 1 {3 44 117 152 80 78 92 1 75 112 62 2
SEASONAL  APR-JUN
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHT {METERS) PERIOD(SECONDS) TOTAL
1,0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
2.9 3.9 49 5.9 6.9 7.9 8.9 9.9 10.9 11.9 13.9 15.9 LONGER
0.00 - .49 . 1 4 9 11 14 37 37 12 2 9 2 1 139
S0 - .99 5 15 43 b4 b1 65 109 87 b4 KK! 15 17 . 580
1.00 - 1.49 . 1 16 26 29 27 26 27 26 18 10 { . 207
1.50 - 1.99 . . ! b 9 b 9 3 11 4 4 . . 55
2.00 - 2.49 . . . 2 1 i 1 b . 2 1 1 . 13
2.50 - 2.99 . . . . { . . . . 1 . 2
3'00 - 3-‘9 » 5 . . » » . 0
3'50 - 3.99 . . . . . . . . 0
4,00 - 4.49 ' . . . . . . {
4,50 - 4,99 . . . . . . . . 0
5100 - GREATER . ] . . . . . » . . . . . 0
TOTAL 5 17 6 107 11t 114 182 162 113 39 39 22 i
(Continued)
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Table B15 (Concluded)

e Aan die e Aha-sks R -gha Sha-dts-Aha S4a iia 48a e ‘Ala- A

SEASONAL  JUL-SEP

PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HE IGHT (METERS) PERIOD(SECONDS!} T0TAL
1.0- 3.0- 4.,0- 5.0- 4,0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
. . 9 3.9 &9 7. .9 9.9 10, 11.9 13.9 16.9 LONGER
0.00 - .49 . 3 4 12 17 34 54 64 22 12 16 i2 1 251
.90 - .99 . 9 20 43 46 64 83 80 S0 4 2% 2 . 305
1.00 - 1.49 . i 3 N 9 X 18 11 8 8 13 ? i 182
1.50 - 1.99 . . . 3 9 4 3 1 . 3 8 1 . Kl:]
2.00 - 2.49 . . . . 1 . ! 1 . 1 4 3 . 11
2.50 - 2.99 . . . . 1 . 1 . 1 . 1 . . 4
3.00 - 3.49 . . . . . 1 . . . 1 . . . 2
3.50 - 1.99 . . . . . . . 1 . . . . . 1
4.00 = 4.49 0 . . . . . . . . » . . . 0
4,50 - 4.99 . . . . . . ' . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 0 13 2 93 143 133 182 158 81 72 & 43 2
SEASONAL  OCT-DEC
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE 1GHT (METERS) PERIOD(SECONDS) TOTAL
1.0 4.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
2.9 3.9 4, 9 69 7.9 8.9 9.9 10, 11.9 13.9 16.9 LONGER
0.00 - .49 1 1 4 2 1 5 B 16 9 5 19 12 2 85
30 - .99 4 112 8 2 a4 37 4 4 4 v 2 8 413
1.00 - 1.49 . . ¥ 32 8 4 14 13 15 18 20 4 1 250
1.50 - 1.99 . . . 11 533 15 10 4 & 10 10 9 . 12
2.00 - 2.9 . . . . 15 18 b 4 4 8 12 8 { 75
2.50 - 2.99 . . . . 1 8 1 4 . 5 2 . . 21
3.00 - 3.49 . . . . . 3 2 . 1 2 i . 11
3.50 - 3.99 . . . } . . . 2 3 3 1 2 . 11
4.00 - ‘149 . . . . . . . . D 2 . i . 3
4.50 - 4,99 . . . . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . 1 i . 2
TOTAL 5 12 3 88 215 128 8 B9 83 M % 40 12
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b Table B16
1980 Through 1982 Monthly Joint Distribution of Wave
Height Versus Peak Period for Gage 620

NONTH JAN
PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD

' HE IGHT {NETERS) PERI0D{SECONDS) TOTAL
1
1.0- 3.0- 4,0- 5.0- 6.0- 7.0~ B,0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
R 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
4
\ 0.00 - .49 4 . - Y .2 725 ] 7 7 . 114
d .50 - .99 . 28 3% 53 ¥ W 1t 23 SO 33 8 2 . 362
, 1.00 - 1.49 .8 8 2 . 7 43 18 11 . . 753
. 1.50 - 1.99 4 18 & 3 7 1 B 4 . 4 . 164
y 2.00 - 2.49 . 4 18 11 4 .1t 4 14 ] 81
2.50 - 2.99 . . 4 ] 4 3 7 7 . 30
3.00 - 3.49 . . . ] . . 4
: 3.50 - 3.99 . . . . ) 0
'y 4,00 - 4.49 . . . . 0
3 4,50 - 4,99 . . . . . 0
! 5.00 - GREATER ) ) . . . . . . . . . . . 0
G TOTAL 4 28 S8 160 199 111 47 4 185 73 57 53 4
NONTH FEB
X PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD
: HE IGHT {METERS) PER10D(SECONDS) TOTAL
) 1.0- 3.0- 4,0~ 5.0- 4.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14,0- 17.0-
. 9 3.9 4.9 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0.00 - .49 . . . . . . . . ] ., . . 31
50 - .99 . 4 § 3B 27 g8 38 53 88 42 M 4 ] 344
) 1.00 - 1.49 . 4 11 38 57 8 4 38 61 42 38 8 . 351
1.50 - 1.99 . . .1t 2 1 19 19 9 . 8 8 . 149
¥ 2.00 - 2.49 . .11 iS 8 4 15 15 . 8 8 . 84
\ 2.50 - 2.99 . ) . . 4 . .1 4 1l . . 30
e 3.00 - 3.49 . . . . . . 4 . 4 ] . . 12
R 3.50 - 3.99 . . . . . . . . . . . . 0
4,00 - 4,49 . . . . ) . . . . . . 0
* 4,50 - 4,9 . . . . . . . . . 0
» 5.00 - G EATER » . . . . 0 . . . . . 0
h TOTAL 15 98 141 51 107 129 198 92 130 28 ]
’ HONTH MAR
& PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
HE IGHT (METERS) PERIDD(SECONDS) TOTAL
K" 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14,0- 17,0-
_ 2.9 3.9 49 59 49 7.9 8.9 9.9 10,9 i1.9 13.9 14.9 LONGER
; 0.00 - .49 \ . . 3 3 7 7 3 3 0 7 . 47
s 50 - .99 3 38 45 3B/ I W 45 B2 3B 4 N . 434
) 1,00 - 1.49 .2t 38 S5 41 4 10 &5 17 82 u . 337
1.50 - 1.99 . . 71 7 . 7 2 70 % . 108
2.00 - 2.49 . 7 10 3 . . 7 . 7]
2.50 - 2.99 . . . . \ . . 7 3 . 10
3.00 - 3.49 . 3 3 . . . . . b
3.50 - 3.99 . . . 7 3 . 3 . 13
4,00 - 4,49 . ) . . ) ) 0
4,50 - 4,99 . . . . . . . . . . 0
5,00 - GREATER . . . . . . . . . . . \ 0
TOTAL 3 S99 117 82 B2 102 154 &5 148 99 0
(Continued)
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Table B16 (Continued)

HONTH APR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

, HE IGHT {NETERS) PER 10D(SECONDS) TOTAL
Ky
1.0- 3.0- 4.0- 5.0- 6. o- 7.0- 8.0 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
3 2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 15.9 LONGER
9 0.00 - .49 .48 7 7 1 . 01 4 415 4 85
: '50 - .99 115 47 58 84 3 77 SsL & M 2 W . 587
1,00 - 1.49 .4 18 3 K St oW o111 . & . 22
, 1.50 - 1.99 .. 11157 oo 43 . 77
K, 2,00 - 2.49 . O £ 22
/ 2.50 - 2.99 : ) i ) .. : 3
p 3.00 - 3.49 . .. . 0
3.50 - 3.99 . 0
4.00 - 4.49 . 0
! 4.50 - 4.99 . 0
5.00 - GREATER R 0
TOTAL 23 77 16 142 143 117 120 102 e 4 M 0
NONTH MAY
PERCENT OCCURRENCE{X10) OF HEIGHT AND PERIOD
HE 1GHT (NETERS) PER10D{SECONDS) TOTAL
1o 3.0- 4.0- 5.0- b.0- 7.0- 8.0- 9.0- 10.0- 11,0~ 12.0- 14,0- 17.0-
2.9°3.9 4.9 5.9 69 7.9 8.9 9.9 i0.9 119 13.9 16.9 LONGER
) 0.00 - .49 .. 3 10 10 17 17 S& % 3 1 3 134
: 'S0 - .99 "1y 41 & 0 54 98 135 8 ;W 20 . 544
100 - 1,49 S 17 30 7 o 8 1 &1 30 10 240
1,50 - 1.99 A S Y S NS S RS ! SN B 5g
. 2,00 - 2.49 AR T SRE: E R T N 18
: 2.50 - 2.9 Lol T s 3
: 3,00 - 3.49 . . 0
‘ 3.50 - 3.99 A . 0
i, oo - 4.49 Lol 0
L S 0
TOTAL 0 17 s 97 88 91 173 26 19 &7 43§ 0
t
" WONTH JUN
PERCENT OCCURRENCE{X10) OF HEIGHT AND PERIOD
HE IGHT (NETERS) PER10D{SECONDS) TOTAL
‘ 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
29 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0.00 - .49 . . . B 1& 235 M S3 1 . & . & 204
250 - .99 & 12 49 9% T4 70 160 0 53 20 . 16 . 818
1.00 - 1.49 . . 12 8 20 % 3 12 1 1w 20 . . 145
1,50 - 1.9 B Y R T, 24
2.00 - 2.49 e T S 8
2.50 - 2.9 C e, : ; 0
: 2,00 - 3.49 . . .. . 0
3 3.50 - 3.99 ' o 0
100 - 4 49 : : Do : 0
4 5 » L] . » L] L] . . . . o
5,00 - GREMER S 0
10 & 12 85 106 110 111 287 183 93 M 24 16 4
(Continued) ,
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3 Table 316 (Continued)
3
s NONTH JUL
hnl PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
. HE IGHT (NETERS) PERI0D(SECONDS) TOTAL
(]
oy 1.0- 3.0- 4.0- 5. o~ 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
% 2.9 3.9 49 59 69 1.9 89 9.9 10.9 11.9 13.9 16.9 LONGER
kA ",
':!3‘ 0.00 - .49 . B 8 12 4 43 102 13 D 12 20 0 . 409
Wy 50 - .99 S 16 27 &1 8 St % 1o 8 . u . 459
1.00 - 1.49 S T TC B 2 N - 118
5 1,50 - 1.99 A S R 12
oy 2.00 - 2.49 S 0
e 7.50 - 2.99 . . . ) 0
RN 3.00 - 3.49 : X : 0
:"'.' 2.% = 2123 . . . . . . . . . 8
' . - . . a L] » L]
! 450 - 4.99 ; o : X 0
5.00 - GREATER N 0
e TAL 8 39 10 14 14 A 2u2 S& 20 20 M4 0
K
\* fj MONTH AUG
: PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
noh HE IGHT (METERS) PERIOD(SECONDS) TOTAL
i 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
j 2.9°°3.9 49 59 49 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
. 0.00 - .49 .. 4 17T 2% 60 0 W W 13 0u 1. 282
oL 50 - .99 L& 20 38 &0 103 94 &0 &8 43 30 9 . 530
R 1.00 - 1.49 | T S S - T 107
% 1.50 - 1,99 A T T S P SR T 29
2.00 - 2.49 A S A S S 12
e 2.50 - 2.99 I S F 14
‘o 3.00 - 3.49 S S A S 8
"’ 3.50 - 3.99 L i . '
i 3.00 - 4.49 . A, : 0
D 4.50 - 4.99 e . : 0
nie 5.0 GREATER S S S 0
AN Yo 0 4 25 89 129 205 175 98 106 77 68 2 0
2y
QU MONTH SEP
b PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
o HE IGHT (NETERS) PER10D(SECONDS) TOTAL
- 0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 1..0- 11,0- 12,0- 14.0- 17.0-
et e 3 o e 759 h9 7.9 8.9 9.9 10.9 11,9 13.9 16.9 LONGER
~_I
Y 00 - .49 . . . 7 & & & 2 71 1 7 4 4 78
3380 0(5’8 - .99 Y 41 2 59 44 s 107 S5 81 4 26 . 52
A 1,00 - 1.49 D% oM W om o:mon o2 15 3 1|8 4 307
¥ 1,50 - 1.99 7 18 1 . v T 13 % . 86
l“ [} . . 1] 27
& 2.00 - 2.49 A S A S JEN 2
N 7,50 - 2.99 : s e e e e e 0
e 3.00 - 3.49 : . . 0
Koo 3.50 - 3.99 L . . . 0
o 1.00 - 4.49 L. . X 0
o = 0
Q }';; TOTAL ¢ 7 15 e 159 92 103 163 84 18 10 59 8
o (Continued)
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Table B16 (Concluded)

d taph- i iy il oS8 a4 A % 4|

MONTH OCT
PERCENT OCCURRENCE(X10} OF HEIGHT AND PERIOD

HEIGHT {METERS) PER 10D (SECONDS) TOTAL
1.0- 3.0- 4,0~ 5.0- 6.0- 7.0- B8.0- 9.0- 10.0- 11,0- i2.0- 14.0- i7.0-
2.9 3.9 49 5.9 49 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
V.00 - .49 . . . . . 1z i7 23 12 & 26 9 . 105
S0 - .99 } ) 12 29 LX] 23 43 37 49 49 i 20 3 349
1.0¢ - 1.49 . . b 46 63 29 9 17 17 26 26 9 . 248
1.50 - 1.99 . . . 3 61 b b ] 12 12 2 14 . 140
2.00 - 2.49 . . . 20 23 & 3 12 b 17 9 3 99
2,50 - 2.9 . . 3 14 3 9 . 3 J . 5
3.00 - 3.49 . . . . . . . . 0
3.50 - 3 99 . . . . . . . 3 . . . . 3
4.00 - 4,49 . . . . . . . . . & . . b
4,50 - 4,99 . . . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 0 b i8 78 190 107 84 98 102 108 147 41 6
MONTH
PERCENT OCCURRENCE(x10) DF HE JGHT AND PERIOD
AE IGHT (METERS) PER I0D{SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
2.8 3.9 49 5.9 49 7.9 8.9 9.9 10.9 11,9 3.9 16.9 LONGER
0.00 - .49 4 4 4 . 4 4 . 20 12 4 8 8 . 72
50 - .99 8 g8 59 YR Y| 75 35 47 39 Ny 8 24 12 300
1.00 - 1.49 . . 12 24 110 28 12 8 4 12 8 4 4 226
1.5¢ - .99 . . . 12 28 K} 12 . 12 . 12 . 107
2.00 - 2.49 . . . . 4 8 8 . . 8 4 4 . 36
2.50 - 2.99 . . . . 4 . 4 . 8 4 . . 2
.00 - 3.49 . . . . . 4 4 . . 4 4 . 16
3.50 - 3.99 . . . . . . . . 12 . 4 8 . 24
4.00 - 4.49 . . . . . . . . . . 4 . 4
4.50 - 4.99 . . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 12 12 7% 103 213 150 M 83 67 93 40 68 16
MONTH DEC
PERCENT OCCURRENCE(X10) DF HEIGHT AND PERIOD
HE IGHT (METERS) PERIOD(SECONDS) TOTAL
1,0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11,0- 12.0- 14.0- 17.0-
2,9 3.9 . . . . 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
0,00 - .49 . . 9 b . . J b 3 b 21 18 3 7
S0 - .99 18 12 4 79 33 N &8 K AU 18 2 9 388
1.00 - 1,49 . . 9 24 82 64 21 12 2 15 24 . . 272
i.90 - 1.99 . . . 18 64 12 12 & 6 & b . . 130
2,00 - 2.49 . . . . 18 21 X 9 . 9 12 9 . 81
2,50 - 2.99 . . . . . 3 . . . b . . . 9
3.00 - 3.49 . . . . . 12 3 . J 3 . . 21
3.50 - 3.99 . . . . . . . 3 . 9 . . . 12
4,00 ~ 4.49 . . . . . . . . . . . . . ]
4.50 - 4,99 . . . . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . 3 3 . é
TO7AL 6 18 30 88 243 133 B g8 79 1 8 i 12
(Sheet U of 4)
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a. Annual
o JAN-MAR 80-82
s4 APR-JUN 80-82
— —  JUL-SEP B0-82
o — OCT-DEC 80-82
n
[s 4
We
— <
(Ve
=
— o
Ip;-q
(&>}
w
I

Figure B20.
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PERCENT GREATER THAN INDICARTED
b. Seasonal

1980 through 1982 annual and seasonal cumulative
distribution of wave height for gage 620
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1980 through 1982 annual and seasonal distri-

bution of peak spectral wave period for gage 620

Figure B21.
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Figure B22. Time-history for gage 615
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Table B18
1982 Wave Statistics for Gage 615

. Standard
s Standard Mean Deviation
f Mean Deviation Period Period Extreme Number
D Month Height, m Height, m sec sec Height, m Date Observations
Es Jan 0.7 0.4 7.3 3.1 1.6 1 95
' Feb 0.9 0.4 7.7 2.7 1.9 19 91
- Mar 0.7 0.3 6.9 2.3 1.5 1 105
> Apr 0.7 0.3 6.9 2.4 1.4 7 72
N May 0.5 0.2 8.6 2.9 1.6 12 111
' Jun 0.6 0.2 8.7 3.5 1.3 10 14
Jul 0.4 0.2 7.0 2.3 1.2 1 14
, Aug 0.5 0.3 7.1 2.5 1.7 29 17
;: Sep 0.7 0.3 7.0 2.1 1.6 30 109
3 Oct 1.0 0.5 9.4 3.6 2.2 11 110
' Nov 0.9 0.3 7.8 2.8 1.8 23 1M
b Dec 0.7 0.3 8.8 3.5 1.7 13 104
fé Jan-Mar 0.3 0.4 7.3 2.7 1.9 Feb 291
_ Apr-Jun 0.6 0.3 8.2 3.2 1.6 May 297
3 Jul-Sep 0.5 0.3 7.0 2.3 1.7 Aug 340
Oct-Dec 0.7 0.4 3.6 3.4 2.2 Oct 325
Annual 0.7 0.4 7.8 3.0 2.2 Oct 1,253
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Figure B23. 1982 extreme, mean, and standard deviation
of wave heights and periods for gage 615
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:‘: Table B19
:’} 1982 Annual and Seasonal Joint Distribution of Wave
-
oy Height Versus Peak Period for Gage 615
1)
N ANNUAL
oy PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
Ay
! ;_: HE IGHT (METERS) PERI0D(SECONDS) TOTAL
A 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
29 39 49 59 69 7.9 8.9 9.9 10.9 (1.9 13.9 16.9 LONGER
o 0.00 - .49 2 10 14 42 3 M ¥ 4 W 28 15 2% 9 327
0 .50 - .99 . 10 M 93 B9 49 2% 39 40 2% 0 & b 448
\ 1.00 - 1.49 . . .03 &2 B8 9 & 1 9 b ] 175
s
(o 1.50 - 1.99 . ) . 25 10 1 2 2 6 13 7 3 51
N 2.00 - 2,49 X . . . . 1 . . . . 2 2 ) 5
Rt 2.50 - 2.9 . . . . . . . . . . . ) . 0
3.00 - 3.49 . . . . . . . ) . . . . . 0
n 3.50 - 3.99 . . . . X ) . . 0
50 8,00 - 4,49 ) . . . . . . . . 0
‘,'\ 4.50 - 4 99 . . . . . 0
x 5.00 - GREATER . . ) . . . . ) ) . . . . 0
3 TOTAL 2 20 S8 170 187 134 &9 91 80 1S9 47 18
")
¢ SEASONAL  JAN-MAR
e PERCENT CCCURRENCE(X10) OF HEIGHT AND PERIOD
WX .
j ;3 HE IGHT (METERS) PERI0D!SECONDS) TOTAL
e 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14,0- 17.0-
Y 2.9 3.9 49 S.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
". n
0,00 - .49 303 10 4 10 7 10 24 4 u {7 AN 3 234
. 50 - .99 . 7 S8 14! 9% 38 10 24 3B 4 3 3 . 442
1.00 - 1.49 . . .M 110 82 17 14 .1 . . . 251
o 1.50 - 1.99 . . . . 7 24 3 3 3 10 1 3 . &7
m— 2.00 - 2.49 . . . . . . . . . . . . . 0
< 2.50 - 2.99 . . . . . . . ) . 0
N 3.00 - 3.49 . . . . . . . . 0
' 2,50 - 3.99 . . . . . . . . 0
, 4,00 - 4.49 . . . . . . . . 0
e S ' 0
:'} “ToTAL 3010 68 223 223 120 46 &5 82 8 4 37 3
N SEASONAL  APR-JUN
53¢ PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
™
— HE IGKT (NETERS) PERIOD(SECONDS) TOTAL
N 1.0- 3.0- 4.0~ 5.0- 4.0~ 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
N 2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
'f-:;' 0.00 - .49 .17 20 44 24 84 27 &1 57 27 10 W% 2% 389
e 56 - 99 .13 4 M % 37 3 57 &7 47 3 7 W 490
e 1,00 - 1.49 . . .10 27 13 100 10 13 20 10 . . 113
S 1.50 - 1.99 . . . . . . . . . . 33 . b
b 2,00 - 2,49 . . . . . . . . . . . . 0
10 2.50 - 2.99 . . . . . . ) 9
S5 3.00 - 3.49 e e e e e 0
7R 3.50 - 3.99 . . . . . . . ) . . . 0
e 4,00 - 4.49 . . . . . ) . . . . . 0
3 4.50 - 4.99 L 0
Y 5,00 - GREATER , . ) . . ) . . ) . . . . 0
. TOTAL 0 0 48 128 145 94 74 128 137 9% 2% 44 4
e (Continued)
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Table B19 (Concluded)

\
N
.
2 SEASONAL  JUL-SEP
! PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
- HE IGHT {NETERS) PERIOD(SECONDS) TOTAL
\
2 1.0- 3.0- 4.0- 5.0- 4.0~ 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14,0~ 17.0-
. 2.9 3.9 49 59 69 7.9 8.9 9.9 0.9 1.9 13.9 16.9 LONGER
- 0.00 - .49 3 18 24 71 71 85 88 62 3 41 2 12 . 531
: S50 - .99 . & & 7% BS S & & 2 12 9 o, . 354
. 1,00 - 1.49 . . . ¥ 4 12 3 3 . . . . 104
A 1.50 - 1.99 . . . 3 . 9 . . . . . 12
. 2.00 - 2.49 . . . . . . . . . 0
o 2.50 - 2.99 . . . . . . . . 0
) 3.00 - 3.49 . . . . . . . 0
3.50 - 3.99 . . . . . . 0
4,00 - 4,49 . . . . . . . 0
4,50 - 4.99 . . . . . . . 0
5.00 - GREATER . . . . . . . . . . . . 0
» TOTAL 3024 68 192 200 162 97 106 S3 53 03} 12 0
é
\
N SEASONAL  OCT-DEC
b PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
i HE IGHT {METERS) PER10D(SECONDS) TOTAL
- 1.0- 3.0- 4.0- 5.0- 5.0~ 7.0- 8.0- 9.0- 10.0- 11.0- 12,0~ 14,0~ 17.0-
E. 2.9 3.9 49 5.9 &9 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
)
, 0.00 - .49 . . .9 15 2 & 15 9 28 9 131
50 - .99 . 12 3 B B3 2 4 W 33 25 62 12 12 505
1.00 - 1.49 . . . 3% 71 5 3 9 3 9§ ¥ . 231
1,50 - 1.9 . .3 12 b . b 6 15 34 212 116
" 2.00 - 2.49 . . . . 3 . . . . 6 b . 15
) 2.50 - 2.9 . . . . . . . . . . 0
: 3,00 - 3.49 . . . . . . . . . . 0
r 3.50 - 3.99 . . . . . . . . . 0
‘ 4,00 - 4.49 . . . . . . . . . . 0
’ 4,50 - 4.99 . . . . . . . . . . 0
5.00 - GREATER . . . . . . . . . 0
TOTAL 231 132 181 48 S8 64 S5 58 136 90 33
[}
)
[
)
¥
[}
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;" { Table B20
. 1982 Monthly Joint Distribution of Wave Height
A
2 Versus Peak Period for Gage 615
an MONTH JAN
o PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
\ <5 HE IGHT (NETERS) PER10D(SECONDS ) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0~ 14.0- 17.0-
29739 49 59 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
. 0.00 - .49 oMo, 1 R 5. n % 330
1 .50 - .99 A 2N T N T SN ST S S | SRR | R 360
o 1,00 - 1.49 ) .53 16 &3 Moo, i .. 245
oY 1,50 - 1.99 . o . . o2 .. 54
1o 2.00 - 2.49 . . . . 0
bl 2.50 - 2.99 ) . : .. .. 0
3.00 - 3.49 : . . .. . 0
. 3.50 - 3.99 . . . . 0
L. 1.00 - 4.49 . . .. . 0
“.--.' 4-50 - 4-99 L] ] [ [ L] . 1] L] 0
AN 5.00 - GREATER T T S 0
- TOTAL i1 53 285 212 106 2 e 75 432 106 0
AR NONTH FEB
" PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
X -*‘d HE IGHT (NETERS) PER10D(SECONDS) TOTAL
i
200 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0~ 9.0- 10,0~ 11,0- 12.0- 14,0~ 17,0
2ag 2,9 3.9 4.9 59 69 2.9 8.9 9.9 109 11.9 13.9 16.9 LONGER
"
s 0.00 ~ .49 . . u . » ., ., 3B %5 .o 132
.50 - .99 .2 05 oo % 1 3} 1l & 5 L 442
- 1.00 - 1.49 ... M 8 5 02 8 . 2 . . . 264
A 1.50 - 1.9 S E A T SR S T SN § SR 143
At 2.00 - 2.49 .. Ce e 0
oty 2.50 - 2,99 e . e e 0
W 3.00 - 3.49 . . L ; 0
e 3.50 - 3.9 Lo . Lol . 0
! 4.00 - 4.49 ... . ... ) 0
) 4.50 - 4.99 ... ... . 0
o 5.00 - GREATER S 0
TOTAL 0 22 55 165 198 143 S5 55 99 13 4 i 1
Q2 MONTH NAR
! :]E PERCENT DCCURRENCE (X10) OF HEIGHT AND PER10D
3 HE IGHT (NETERS) PER1OD (SECONDS) TOTAL
— 1.0- 3.0~ 4.0- 5.0- 6.0- 7.0- 8.0~ 9.0- 10,0- 11,0~ 12,0- 14,0~ 17.0-
A 2.9 3.9 49 59 69 7.9 8.9 9.9 0.9 11.9 13.9 16.9 LONGER
A
oy 0.00 - .49 . 9 3 19 ., 19 3B 3B/ 48 2 . 248
o .50 - .99 : 7% 152 4 &7 . B/ W/ 10 10 . 505
< 1.00 - 1.49 ) .29 124038 19 ., . 190, . 229
>0 1,50 - 1.99 . e L2 { T . 20
N 2.00 - 2.49 ) Ce e . 0
- 2.50 - 2.9 . . e e 0
“-.'.- 3-00 - 3-49 . . . » . . . . . 0
o 3.50 - 3.99 : .o . 0
5058 4,00 - 4,49 . .. .. 0
Ja 4.50 - 4,99 : . . L. 0
b 5.00 - GREATER . C e e, 0
g TOTAL 0 0 95 9 257 u5 48 % W% M ¥ O 0
. (Continued)
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‘ Table B20 (Continued)

3

o NONTH APR

! PERCENT OCCURRENCE{X10) OF HEIGHT AND PERIOD

. HE IGHT (NETERS) PERI0D(SECONDS) TOTAL

N 1.0~ 3.0- 4.0- 5.0- 8.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-

N 29 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER

" 0.00 - .49 . 8218 S6 . S6 4 42 28 M . W4 14 294

- .50 - .99 . W a2 o8l 2 &2 &£ 8 . . .. 502
1,00 - 1.49 . . . . B3 & 22 2 28 . . . . 209
1.50 - 1.99 C e e e 0

N 2.00 - 2.49 e e . 0

< 2.50 - 2.99 . 0

. 3.00 - 3.49 . 0

. 350 - 3.99 : 0

. 4.00 - 4.49 . . . 0

! 4.50 - 4,99 . . 0
5.00 - GREATER C el 0

. TOTAL 0 56 56 167 264 140 8 112 &4 4 O 14 14

E

MONTH MAY

- PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HE IGHT (NETERS) PER10D(SECONDS) TOTAL

1.0- 3.0- 4.0 5.0- 6.0~ 7.0~ B.0- 9.0- 10,0- 11,0- 12,0- 14,0- 17,0-

4 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER

. 0.00 - .49 . 18 27 S& ., 9 45 108 99 54 27 18 159

3 .50 - .99 . 18 3% &5 7 18 45 712 8 & 9 18 9 485

" 1.00 - 1.49 R 2 2 T %
1.50 - 1.99 . - 18
2.00 - 2.49 s e 0

y 2.50 - 2.99 Ce el 0

. 3.00 - 3.49 C e Ll 0

) 3.50 - 3.99 C e e e 0

3 .00 - 4.49 e Ll 0

: 4.50 - 4,99 e el 0
3.00 - GREATER S 0

TOTA 0 3 63 108 81 27 90 180 189 117 54 45 9§

MONTH JUN
PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD
K HE1GHT {METERS) PER1OD {SECONDS) TOTAL

1.9- 3.0- 4.0- 5.0- 6.0- 7.0~ 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 1
2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LUNGER

0.00 - .49 . . 18 26 8l 70 18 26 3 9 . b1 hX| N

.30 - .99 . 9 33 719 &6 53 2 3 N9 4 . . 18 492

1.00 - 1.49 . . . 18 9 9 9 9 9 53 18 . . 134

1.50 - 1.99 . . . . . . . . . 0

Y 2,00 - 2.89 . . . . . . . . . . . 0

X 2.5¢ - 2.99 . . a . . . . . . . 0

: 3.00 - 3.49 . . . . . . 0

: 3.50 - 3.99 . . ] . 0

1 ‘-00 = 4-49 . . . . [ . . . . . . . . 0

2 4-50 = 4.99 . . . . . . . . . . 0 0

v 5200 - GREATER &, = . e 0
), TOTAL t 9 71 123 11 1R 53 88 123 123 18 &t 1

(Continued)
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Table B20 (Continued)

HE IGHT (METERS)

(=]
»

F
~0

e e e e .
DNONDNDN N
Soooooooogoo
[ o Lo
e u » ®
0 O
~0-0-0-0

-
O g O S
~o~o~o£

LI S N T TR T T T T

(S PR AN XY N L
- .
>
r—cac-.;-wwm
. - .

EATER

HEIGHT (METERS)

HE IGHT (METERS)

1.0~ 3.0- 4.0-
2.9 3.9 49 5.9

MONTH JuL
PERCENT DCCURRENCE(X10) OF HEIGHT AND PERIOD

$ 2 53 88
. . M0
L] 18

9 2 97 17

6.9

Al
0
9

158

PERIOD(SECONDS)

5.0- 6.0- 7.0- 8.0~ 9.0- 10,0-
79 8.9 9.9 109

93 184 8 N9
26 .18

79 18% 106 79

TOTAL

11.0- 12,0- 14,0~ 17.0-
11.9 13.9 16.9 LONGER

Ik

79

MONTH AUG
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

26 17 103
17 17 83

0 43 W 197

1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0~ 9.0- 10.0-
2.9 39 49 359

PERI0D(SECONDS)
6.9 7.9 8.9 9.9 10.9
85 137 51 8 9
i st 9.9
w . ...
.1 L
220 205 &0 85 18

9

TOTAL

11.0- 12.0- 14.0- 17.0-

11.9 13.9 16.9 LONGER

26

35

MONTH SEP
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

. 18
73 44
N $1)
9

o o0 73 201

J‘f--r‘ i RN

£.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0-
2.9 3.9 49 5.9

PER10D(SECONDS)
6.9 7.9 8.9 9.9 10.9
% 64 28 9 9
7092 9 10 S5
2 37 s 9 .
.9,

21 202 86 128 o4

(Continued)
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Table B20 (Concluded)

A

) MONTH OCT
i PERCENT DCCURRENCE(X10) OF HEIGHT AND PERIOD
4 HE IGHT {METERS) PERIOD(SECONDS) TOTAL
b, 1.0- 3.0- 4,0- 5.0- &4.0- 7.0- 8.,0- 9.0- 10.0- 11,0- 12.0- 14.0- 17.0-
s 29 3.9 49 5.9 4.9 7.9 8.9 9.9 10.9 11.9 13.9 (6.9 LONGER
0.00 - .49 . . . . 18 36 . 9 9 . 18 . . 90
W50 - .99 . 9 45 2 27 9 27 9 73 27 100 36 9 398
1.00 - 1,49 . . . 5 82 53 . 9 . 18 18 27 . 254
1.50 - 1,99 . . . 9 34 18 . 9 9 18 27 45 34 207
\ 2.00 - 2.49 . . . . 9 . . . . 18 18 . 43
2.50 - 2,99 . . . . . . . . . . . . 0
3 3.00 - 3.49 . . . . . . . . . . . . 0
3.50 - 3,99 . . . . . . . . . 0
. 3.00 - 4,49 . . . . . . . . . . 0
v 4.50 - 4,99 . . . . . . . . . . . \
5.00 - GREATER . . . . . . . . . . . . 0
TOTAL 0 9 45 81 183 127 27 3 91 83 181 128 45
[
MONTH NOV
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
A HE IGHT (METERS) PERI0D(SECONDS) TOTAL
: 1.0- 3.0- 4.0- 5.0- 4.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17,0~
- 29 1.9 49 S.9 5.9 7.9 8.9 9.9 10.9 11.9 13.9 146.9 LONGER
. 0.00 - .49 . . . . 9 . 9 . . 18 9 . . ]
o .50 - .99 9 3 14 83 133 90 43 16 27 . . 9 576
s 1,00 - 1,49 . . 36 81 72 9 9 9 9 27 27 . 279
1.50 -~ 1,99 . . . . . . . . 9 27 45 18 R 99
2.00 - 2.49 . . . . . . . . . . . . . 0
W 2.50 - 2.99 . . . . . . . . . . . . 0
\, 3.00 - 3.49 . . . . . . . . . . . . 0
P 3.50 - 3.99 . . . . . . . . . . . . . 0
{ 4,00 - 4,49 . . . . . . . . . . . . 0
[} 4.50 - 4.99 . . . . . . . . . . . . . 0
T 5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 0 9 3% 180 153 207 108 54 36 B1 Bt L H) 9
L MONTH DEC
' PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
: ‘ HE IGHT {METERS) PERIOD(SECONDS} TOTAL
1.0- 3.0- 4,0- 5.0- 4.0- 7.0- 8.0- 9.0- 10.0- 11,0- 12.0- 14.0- 17,0-
29 3.9 49 5.9 49 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
: 0.00 - .49 . . . 29 19 29 10 38 19 10 . 87 29 270
) .50 - 99 . 19 10 87 143 38 29 48 19 19 87 . 19 533
5 1,00 - 1,49 . . . 19 48 38 . 10 . . 29 10 . 154
; 1,50 - 1.99 . . . . . . . 10 . . 29 . . 39
: 2.00 - 2.49 L . . . . 0
. 2,50 - 2,99 . . . . . . . . . 0
3.00 - J3.49 . . . . . . . . . . . . . 0
: 3.50 - 3.99 . . . . . . . . . . i\
‘ 3,00 - 4.49 . . . . . . . . . . . 0
; 4.50 - 4.99 . . . . . . R . . . . . . 9
5.00 - GREATER . . . . . . . . . . . . . 0
o 19 10 135 23¢ 105 9 104 38 29 145 97 48
(Sheet 4 of 14)
! B71
.
]
L T R S R S e




SO TR -
e
LAM }
RES
i
? “ °.
."‘\h o~ )
e o ANNUAL 82
. o]
N
o 2
:\,:: — v
ot wn
— -
- ¥
[ z 5:: .
3 & ]
iag 5
4,® r
W S
: 2
54 =
by
' S
& o . L L T'T7l'[ T LB 1 IIIIYT L) L) ﬁ'l'l
MO 10" 10 10 10
i;” PERCENT GREATER THAN [NDICATED
Y
e a. Annual
-,
»"i;' o
ry- ~7]
B )

- e JAN-MAR 82
a0 s4 e APR-JUN B2
AN T JuL-SEP 82
e . 0OCT-DEC B2
a8 2 " ANNUAL 82
han w
M 0

) 5o

[ — ]
.# léj
l‘s T :4
‘.' C.E
! x

ol o

‘\;-‘

g “'
,:.I ]

3y o
0 2]
't.: °
“’ o T f‘r‘("l'l L) Ll l'Vl'l' | Al T v vV T
foa 10" 10 1 1¢°
t PERCENT GREATER THAN INDICATED
E’; b. Seasonal
-.p.: .
Mol Figure B24. 1982 annual and seasonal cumulative
i distribution of wave height for gage 615
S
M
g
'A"..:.

e B72
S

,i' ‘6

s“;‘(

B " AL .' +99
i W) N £) 4
T ‘n!"i"ab.‘«"‘f‘ "\9" ":Q'~

O Y0 x 0 ow . f'\(\-{h,’- s S n - B AT KA OO SR AR p ~u *-‘,‘\ |
\ () NN v A . . . - ()
AT R WA A W LN e <P A 2o e S AT B Y

-4 X}



L
b a_
2 o ... JAN 82
; 4 FEB 82
MAR 82
’ (=]
[) w
@*
5o
f— w7
Ll
z
= o
I.,;-.
©
w3
IO
)y r“.-4
i e
:
¢ o
o 'l T T T T lltll T L] L] Yll]'] L ¥ T ""IIY"
10 10 10 1
PERCENT GREATER THAN INDICATED
) o
0 ~7
o ... APR 82
s MAY 82
JUN 82
o
2
o
. SheR
§ J
: L
P = o
T, I .4
P En
| X
2
o
el T
e \
o -t T L T LR BLE S T L IIIIIIF’ L v T LELRIRRA
10 10 10 1¢*

PERCENT GREATER THAN INDICATED

Figure B25. 1982 monthly cumulative distribution
of wave height for gage 615 (Continued)

B73 :

LS

R ITA N A, .(_, P L Bl v 1 e, .' <. N VIS IA o>
A‘.&'M' DA l"'& "‘ L ¥ . "" "". -f. o ; ; )& r ’ * " }.ﬁl& !’i\(«nﬁ’&'}& .




. <
P N-
: . .. JuL 82
) s4 AUG 82
F SEP 82
\ ()
w
; "
! e
[} [
(78]
z
K = o
] I.-;"
: ot
[P ]
" I
° |
A (o]
‘ 31
4
o
; o T T T lllll[
10" 10 10
PERCENT GREATER THAN INDICATED
’ Q
2.
K . o 0CT 82
1 D NOV 82
A ____ DEC 82
o
! ]
o
¥ 5o
¢ =
R z
§ T -
) o~
w
IO
f\i—
, e ]
:{ -
: S
: o _‘ L T I'l'll] B ¥ VIVIIIT| L] L IIIII!|Ef
‘ ] 10° 10 1
N PERCENT GREATER THAN [NDICATED

. Figure B25. (Concluded)

)

]

5 BTU

¥

)

.7

.\

\ - . oY - P PR I - LT AL T IR B N IR B VR R B LEE AR DRV S o I G S L ", O " e
RO A WS W NN L TR AT S s T T AT T T AT R s RN . - -."ﬂ"\.
"A‘:.z‘.‘t%.»‘..l‘.‘.t’.n.’ 0, " -"l‘w)‘ O ..__,-._.ﬂ..-_'. P A A R A N N RN A A N M2,




11.9 13.9 16.9 UONGER

E ANNUAL 82

10.0- 11.0- 12.0- 14.0- 17,0~

10.9

7,0- 8.0- 9.0-
9 7.9 89 9.9

6.0-
6.

[
0

v T
e e

% ‘N3NNI 4O AONINO3YJ

PERI00, SEC

Annual

a.

1

~T A\l
w o

% ‘3IN3u¥NI00 40 AININO3YJ

SEC

PERI0D,

Seasonal

b.

1982 annual and seasonal distribution

of peak spectral wave period for gage 615

Figure B26.

B75




u
.0?'.I
_g\ L d

Ry g o
1) N

O
.*' "' ﬁl (221
S
Y o
5'0: ¢
X
K> N
o" N
.-!3'1 ¥
¢ 4 —
[§V]
nh o wn
“, \'Q' N
-,C\\e'
N
f,' " -—
A »
“4.3%), .
—
!.‘
’ =

1982 Persistence of Wave Heights for Gage 615
Consecutive Day(s) or Longer
M

- -
o
m
) ™o =
i —t
," g
we
& o
iy
4
85 o ©
NN -—
: ¥
LS o
W Co] ™
0.
f"'. o~
RN
Wy 0|
‘l.l \n
+. 4%
W n v -
2508 | ©
', . Tl 2@
AN -—
"’if:
- Mg =T -
Ll
A NI - M W
e ™M ™
iJ b
J2, |8 R =
:$ ‘$. M N o~
g
! 3
'Q,q'l‘
SR gln o wowouwnao
T o - 0 & Mmoo =
Yo 3
’.' x
MY
it B76
(L%
N
P\
L a3

' '. '(‘ 'q ‘f\
WA P L e o

e O e P R T T Ty PR AL LR R R CL Lt DL P L P L LT, 1L
foapt e T e e e T T T T TR R T T e Y } 3




r‘l( L www - - -_--“_m“ww"mmmw
X
. Table B22
o
? 1980 Through 1982 Wave Statistics for Gage 615
y
£ Standard
. Standard Mean Deviation
3 Mean Deviation Period Period Extreme Mumber
:§ Month Height, m Height, m sec sec Height, m Date Observations
! Jan 0.7 0.4 6.8 2.9 2.0 1980 221
v
e Feb 0.8 0.4 8.5 3.0 1.9 1982 233
1 Mar 0.8 0.4 8.8 3.8 2.3 1980 294
o Apr 0.6 0.3 8.1 3.2 A 1981 240
% 1982
May 0 0.3 1 1 1981 318
Jun .5 0.2 T . 1. 1981 281
oy 1982
o Jul 0.5 0.2 7.3 2.6 1.2 1982 292
o Aug 0.6 0.3 7.7 2.9 1.7 1982 275
L)
3 Sep 0.7 0.3 8.5 3.2 1.6 1982 247
& Oct 0.8 0.4 8.9 3.3 2.2 1982 331
- Nov 0.8 0.4 8.4 3.4 2.0 1981 319
& Dec 0.7 0.3 7.8 3.3 1.7 1982 293
R Jan-Mar 0.8 0.4 8.1 3.4 2.3 Mar 748
e 1980
’.
o Apr-Jun 0.6 0.2 8.0 3.0 1.7 May 839
6% 1981
. Jul-Sep 0.6 0.3 7.8 2.9 1.7 Aug 814
1 1982
o
N Oct-Dec 0.8 0.4 8.4 3.4 2.2 Oct 9uY
* 1982
E
¢ Annual 0.7 0.3 8.1 3.2 2.3 Mar 3,344
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Table B23
1980 Through 1982 Annual and Seasonal Joint Distribution
of Wave Height Versus Peak Period for Gage 615

ANNUAL
PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD
HE IGHT (METERS) PERIOD(SECONDS) TOTAL

1.0- 3.0- 4,0- 5.0- 6.0~ 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
2,9 3.9 4.9 5.9 69 19 8.9 9.9 10.9 1.9 13.9 16.9 LONGER

0.00 - .49 3 YR LIS X A B S T T« R ) B C A 33 7 320
30 - .99 1 13 &7 %2 8 4 ¥ W M U ¥ 2 3 474
1.00 - 1.49 . . 3 28 &4 N 8 9 8 1 b 1 t 169
1.50 - 1.99 . . . 1 4 4 . 2 1 3 7 N ! 30
2.00 - 2.49 . . . . . . . . . . ! ! . 2
2.30 - 2.99 . . . . . . . . . . . . . 0
3.00 - 3.49 . . . . . . . . . ¢
.56 - 3.99 . . . . . . . . . . 0
4.00 - 4.49 . . . . . . . 0
4.50 - 4,99 . . . . . . . . . ] . . G
5,00 - GREATER . . . . . . . . . . . . ]
TOTAL 4 19 44 154 161 106 B3 85 B4 61 A2 W™ 12

SEASONAL  JAN-MAR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HEIGHT (METERS) PERIOD(SECONDS) TOTAL

1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0~ 9.0- 10.0- 11,0- 12.0- 14,0- 17.0-
2,9 3.9 49 5.9 &9 1.9 8.9 9.9 10.9 1.9 3.9 16.9 LONGER

0.00 - .49 4 o122 ¥ 23 o 13w’ w9 27 ! 228
50 - .99 4§ 19 4 120 0 28 27 12 2 2 4 X2 . S04
[.0¢ - 1.49 . . A ¥ A Y 2 1l 8 1 1 1 A . 214
1.50 - 1.99 . . . 1 5 1 7 1 7 7 9 . 19
2,00 - 2.49 . . . . . . . . 1 K| . L]
2.50 - 2.99 . . . . . . . . . . 0
3.00 - 3.49 . . . . . . . . . 0
3.50 - 3.99 . . . . . . . . . . . . 0
4,00 - 4.49 . . . . . . . ; . . 0
4,50 - 4.99 . . . ] ] . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
TOTAL 24 82 197 150 88 62 52 93 60 87 115 1

SEASONAL  APR-JUN
PERCENT OCCURRENCE (10} OF HEIGHT AND PERIOD

HE IGHT {METERS) PERI0D (SECONDS) TOTAL

1.0- 3.0- 4.0- 5.0- 6.0- 7.0~ 8.0- 9.0- 10.0- 1i.0- 12,0- 14.0- 17.0-
2.9 39 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER

0,00 - .49 1 8 i2 36 29 48 63 59 33 13 K} 41 12 382
50 - .99 t 12 58 99 b 44 56 52 58 38 10 i c )
1,00 - 1.49 . . | 13 17 7 il 7 13 10 10 1 . 90
1,50 - 1.99 . . . . 1 . . . ! . i H . 4
2,00 - 2.49 . . . . . . . . . . . . ¢
2,50 - 2.99 . . . . . . . . . . 0
3.00 - 3.49 . . . . . . . . . . 0
3.50 - 3.99 . . . . . . . . . . 0
§.00 - 4.49 . . . . . . . . . . . . 0
4,50 - 4,39 . . . . . . . . . . . . )
5.00 - GREATER . . . . . . . . . . . . . 3
TOTAL 2 20 71 148 124 10! 130 114 10§ s S2 54 17
(Continued)
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1" Table B23 (Concluded)

o

1)

SEASONAL  JUL-SEP

PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HE IGHT {METERS) PERIOD(SECONDS) TOTAL

X 1.0- 2,0- 4.0- 5.0- 8.0- T.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-

:é 2.9 3.9 4.9 5.9 69 7.9 8.9 9.9 16.9 119 13.9 16.9 LONGER

X 0.00 - .49 20010 25 42 45 7 0MW & 4 N9 w9 7 464

. .50 - .99 . il 4 77 88 S0 28 3% 27 14 29 1§ ! 403
1,00 - 1.49 . . {o0% 3% 170 & 4 7 10 ot 2 122

R 1,50 - 1.99 . . . 1 2 8 . . . ! . ! . 9

R 2.00 - 2,49 . ) . . . . ) 0
2.50 - 2,99 0

e 7,00 - 3.49 . . . . ) . 0

b 3,50 - 3,99 . . . ) ) ) . . ) 0

ny 3.00 - 4.49 . Ce e 0

¢ 4.50 - ) . . . . . . 0
son-GRemEn . . . . ) . ) . . ) )

& TOTAL 2002 7 14 154 128 112 102 78 St M 50 10

2

Al

»

) SEASONAL  OCT-DEC

i PERCENT OCCURRENCE!X10) OF HEIGHT AND PERIOD

& HE IGHT (NETERS) PERICD(SECONDS) TOTAL

&

a3 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12.0- 14.0- 17.0-

N 2.9 3.9 49 5.9 &9 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER

3y 0.00 - .49 3. 0 17 19 17 1301 17 19 MU W% 7 215

: 50 - .99 1 13 4 77 108 49 31 33 38 23 3H 18 3 471
1.00 - 1.49 ) ) 3 03 72 ¥ S 14 & 17 8/ 2 3 284

28] .50 - 1.99 ) . ) 1 7 4 ) 3 3 i1 18 10 4 b1

"N 73?73; S (N E S S 3

: 3,00 - 3.49 L LT 0

Q) .50 - 3.99 . . ... s

¥y 4,00 - 4,49 . . . . . . . . 0
4.50 - 4.99 . . . . . . . . . . 0
5.00 - GREATER \ . . . . . . . . . . . . 0

’ TOTAL & 13 0S4 132 206 110 49 MM &5 0 t6  Bs 19
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Table B2y
1980 Through 1982 Monthly Joint Distribution of Wave
Height Versus Peak Period for Gage 625

HE IGHT (METERS)

0.00 - .49

S0 - .99

1.5

) - 1,49

- 1.99
249

.99
'50 - 3.99
200 - 4.49
.50 - 4.99

.00 - GREATER
TOTAL

©wn
>
]

A T3y

[T R T RY Y T
Pttt

HEIGHT (METERS)

0,00 - .49

HE IGHT (METERS)

0.00
50
1.00
1.50
2.00
2.50
3.00 - 3.
3.50 - 3.99
4,00 - 4,49
4.50 - 4.99
5.00 - GREATER
TOTAL

.49

[ B TR N R T |
COPI Py e e

et .
0 g O S

MONTH JAN
PERCENT QCCURRENCE(X10) OF HEIGHT AND PERICD
PER10D{SECONDS) TOTAL
(- 2.0- 8.0- 5.0- 6.0- 7.0~ 8.0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-
29739 &9 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
4 14 14 72 45 32 3% 18 27 . 18 4l 331
5 23 S0 149 8 3 9 9 18 5 18 14 418
R TV S TR, THNN S, S V N S S 218
A S5 18 ) 34
/A § 5
oo L. 0
: A A, 0
. L L 0
: L o 0
L ] . . . L] . . ] 0
[ 1 ] » . L3 » 3 . . [ ] e . . 0
9 37 07 w9 199 105 54 37 &4 28 3 65 0
MONTH FER
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
PER10D(SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11.0- 12.0- 14,0- 17.0-
2.97°3.9 4.9 5.9 4.9 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
.. & 8 17178 WMo 179 4 153
P13 3 107 & 20 S& 39 99 43 S& 52 . 580
oL oM l® 13179 217 9. 194
R t: T/ S T SEN ) Y S 7%
L, 0
. . . t ] L] . » » . . L ] 0
S L 0
L. .. 0
'] 1 ] ] . L] ’ " . - . (] ] ] g
§ 13 34 150 120 103 86 69 142 94 107 4 4
NONTH MAR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
PERIOD(SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 0.0- 11.0- 12.0- 14.0- 17.0-
29 3.9 4.9 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
. 3 17 0% 20 7 17 17 2 0 0 A . 210
3 20 48 109 & 31 17 224 4 17 & 8 . 511
.. 1o st 10 3w {7 st . 227
. 3 . 3 3 3 . 3 3 w0 . &
A H: R b
o ) e, 0
. . . : 0
. . L 0
C ) o X 0
. N . %
3023 % 167 1% &5 47 SI 78 ST 107 187 0
(Continued)
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5 Table B24 (Continued)
i
a
4 HONTH APR
B PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
Yy HE IGHT (METERS) PERIOD(SECONDS) TOTAL
£
B 1.0- 3.0- 4.0- 5.0- 6.0- T.0- 8.0 9.0- 10.0-  11,0- 12,0 14,0- 17.0-
‘::‘ 2,9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 16.9 LONGER
e
:Q':' 0.00 - .49 § 12 8 3 3B S0 4 29 17 12 37 & 8 355
L 20 - .99 4 8 4 17 9% 21 42 37 S0 N 12 0 s 521
1.00 - 1.49 . . . 12 % 17 12 8 1n 8 17 . . 120
ok 1150 = 1-99 . . . . . . . . . . . . . 0
f:‘ 2-00 - 2.49 . . N . . . . . . . . . 0
" 2-50 - 2-99 . . . . . . . . 0
f“ 3.00 - 3-49 . . . . . . . . . . . o
" 3-50 = 3.99 ’ . . . . . . . . 0
!"" 4.00 - 4.49 . . . . . . . . . 0 0
g 4.50 - 4.99 . . . . . 0
5.00 - GREATER . . . . . . . . . . . . . 0
§ TOTAL 8 20 50 166 158 88 100 74 84 91 66 9 12
&
o NONTH MAY
i PERCENT OCCURRENCE(X10) OF HEIGHT AND PERI0D
b HE IGHT (NETERS) PERIOD(SECONDS) TOTAL
Py
& 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12.0- 14,0- 17.0-
::i 2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
]
::‘ 0.00 - .49 . 8 19 3 9 2 & 57 & 22 53 A b 370
53: 50 - .99 . 13 47 88 8 &0 57 57 66 B 6 16 3 530
oy 1.00 - 1.49 . . 3 19 19 I 3 ¥ 13 . b 3 . 88
1.50 - 1.99 . . . . 3 . . . 3 . K| 3 . 12
) 2.00 - 2.49 . . . . . . . . . . . . . 0
;“ 2-50 = 2199 . . . . . » . . . . . . . 0
0 3.00 - 3-49 . . . . . . . . . . 0
K1 3.50 - 3.9 . L 0
’. ‘-00 - 4-49 . . . . . . . . . 0
v 4.50 - 4.99 . . . . . . . . . . 0
;‘. 5.00 - GREATER . » 1] . » . . [ [} ] » . 0
' AL 0 19 49 142 113 88 130 123 129 47 MW 53 9
KD
R NONTH JUN
¢
Rh PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
!
i;’ HEIGHT {METERS) PERIOD(SECONDS) TOTAL
)
1.0- 3.0~ 4.0- 5.0- 6.0- 7.0- 8.0- 9.0~ 10.0- 11.0- 12.0- 14.0- 17.0-
,;:: 2.9 3.9 49 59 69 7.9 8.9 9.9 109 11.9 13.9 16.9 LONGER
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EB‘,"
:ﬂ!;;‘l
N MONTH JUL
KR, PERCENT DCCURRENCE(X10) OF HEIGHT AND PERIOD
i . HE IGHT (METERS) PERIOD(SECONDS) TOTAL
Yy K
AN 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0~ 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
; .9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER
‘.ﬁu 0.00 - .49 7 10 45 338 55 S1 134 92 S8 3B 4 24 3 579
o', S50 - .99 . 14 5% 99 85 4 8 27 14 . 3 7 . N
e 1.00 - 1-49 . . 3 17 10 7 7 . 3 . . . . 47
; 1-50 - 1099 » . . . . . a2 . . . . . » 0
""";l 2.00 - Zl‘q » . . . . [] . . . . 0
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Table B24 (Concluded)

HONTH OCT
PERCENT OCCURRENCE{(X10) OF HEIGHY AND PERIOD
HE IGHT (METERS) PER 10D (SECONDS) TOTAL
1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0~ 14,0- 17.0-
5.9 5.9

2.9 1.9 69 7.9 8.9 9.9 10,9 11.9 13.9 16.9 LONGER

0.00 - .49 3 . 3 15 12 18 18 24 18 15 S5 27 K| 207
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1.50 - 1,99 . . . ] 18 b . 3 3 2 15 15 12 87
2.00 - 2.49 . . . . . 3 . . . 6 b . 15
2'50 = 2-99 . . . . . . 0
3.00 - 3.49 . . . . . . . . . . 0
3.50 - 3.99 . . . . . . . . . . . 0
4-00 = 4-49 . . . : . . 0 . . . . . 0
4,50 - 4.99 . . . . . . . . . . . . . 0
5-00 - GREATER . . . . . . . . . . . . 0

TOTAL 3 9 21 120 179 102 54 81 97 87 144 M 2

MONTH NOV
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIDD
HE IGHT (METERS} PERIOD(SECONDS) TOTAL
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o Table B26
‘.\- 1982 Wave Statistics for Gage 610
?!
R Standard

Ny Standard Mean Deviation
o Mean Deviation Period  Period  Extreme Number
;: Month Height, m Height, m sec sec Height, m Date Observations
by Jan 0.9 0.5 9.1 3.4 2.9 1 114
Y,
e Feb 1.3 0.7 8.9 2.4 3.5 18 11
a Mar 0.9 0.3 8.3 2.1 2.2 1 116
By
,k Apr 0.9 0.4 7.7 1.8 2.2 28 11
r May 0.8 0.3 9.7 1.6 2.3 12 120
G

T Jun 0.8 0.4 9.4 2.7 1.8 10 104
" Jul 0.5 0.3 8.1 2.2 2.2 1 94
_, Aug 0.6 0.2 7.7 2.4 1.7 13 58
': \ Jan-Mar 1.0 0.5 8.8 2.7 3.5 Feb 341
Ja

i Apr-Jun 0.8 0.4 8.9 2.2 2.3 May 335
B Jul-Sep 0.5 0.3 8.0 2.3 2.2 Jul 152
1,23

N Annual 0.8 0.5 8.7 2.5 3.5 Feb 828
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Table B27

1982 Annual and Seasonal Joint Distribution of Wave

Height Versus Peak Period for Gage 610

ANNUAL
PERCENT OCCURRENCE (X10) OF HEIGHT AND PERIOD
HE IGHT (METERS) PERIOD(SECONDS) TOTAL

1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11.0- 12.0- 14.0- 17.0-
29 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 12.9 16.9 LONGER

0.00 - .49 1 2 2 4 6 14 3% & 29 1l 5 17 5 175

.30 - .99 . & 12 % 4 70 ¥ 98 9 5 2 6 519
1.00 - 1.49 . . 7 18 & 3 13 2 & 28 3 1 2 214
1.50 - 1.99 . . . 2 10 1 3 6 8 8 3 . . 60
2,00 - 2.49 . . . . 4 7 2 . . 2 2 1 18
2.50 - 2.99 . . . . » . 1 1 1 . . . 3
3.00 - 3.49 ] . . . . . . 1 . 4 N
3.50 - 3.99 . . . 2 2
4.00 - 4-‘9 2 . . . 0 . . . . 0
4.50 - 4.99 . . . . . . . . . 0
3.00 ~ GREATER . . . . . . . . . . . . . 0

TAL { 8 21 &0 105 140 16 1M 177 106 & N 13

SEASONAL  JAN-MAR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HEIGHT (METERS) PERIOD(SECONDS) TOTAL

1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10.0- 11,0~ 12.0- 14,0- 17.0-
29 3.9 49 5.9 69 7.9 89 9.9 10.9 (1.9 13.9 6.9 LONGER

0.00 = 149 . 3 3 3 . 3 . 12 3 . 6 9 ‘2

20 - .99 . 5 9 53 332 4 M &7 1 9 M 29 9 939
1.00 - 1,89 . . 9 21 0 & 18 2 41 2 & . J 262
1.50 - 1.99 . . . &8 24 B 12 4 9 6 3 . . 98
2.00 - 2.49 . . LI & . . ) 3 3
2,50 - 2.99 . . . 3 3 K] . . 9
3.00 - 3.49 . . . 3 . 9 12
3.50 - 3.99 . . b 6
4,00 - 4.49 . . . . 0
4.50 - 4,99 ) . ]
5.00 - GREATER . . . . . . . . . . . 0

TOTAL 6 21 83 132 141 86 100 176 132 M ¥ U

SEASONAL  APR-JUN
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

HE IGHT (METERS) PERIOD(SECONDS) TOTAL

1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12.0- 14.0- 17.0-
29 3.9 49 59 49 7.9 89 9.9 10.9 11.9 13.9 16.9 LONGER

0.00 - .49 . . . K| 12 30 31 30 12 . 24 K| 165

50 - .99 . . 15 18 3% 7’ 137 13l 45 . & [ 544
1.00 - 1.49 . . 9 12 0 27 15 3§57 42 6 K] K] 237
1.50 - 1.99 . . . . 3 . . 9 12 15 9 . . 48
2.00 - 2.49 . 3 . . . 3 3 9
2.50 - 2.99 . . . . . . . . . . . . . 0
3.00 - .49 . . . . . . . . . . . . . 0
3.50 - 3-99 . . . » . . . . . . . . . 0
4,00 - 4.49 . . . . . . . . . 0
4.50 - 4,99 . . . . . . . . 0
5.00 - GREATER . . . . . . . . . . . . 0

107 0 24 30 69 138 120 230 212 114 18 36 12
(Continued)
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Table B27 (Concluded)

phd SERSONAL  JUL-SEP
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

L HE IGHT(METERS) PERI0D(SECONDS) TOTAL

&i 1.0- 3.¢- 4.0- 5.0- 6.0- 7,0- 8.0- 9,0-10.0- 11,0~ 12,0- 14.0- 17.0-
./4, 2.9 3.y 49 5.9 69 7.9 8.9 9.9 10.9 11.9 13.9 156.9 LONGER
S

' 0.00 - .49 7 1 1320 53 125 125 46 2% 2% 2 . 507
e .50 - .99 .20 ¥ 7 oS P o 71 o .

. 1.00 - 1.49 . % 20 13 . . . .
1,50 - 1.99 . .. T

o 2.00 - 2.49 A
- 2.50 - 2.99 ...
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: Table B28
B\
| :: 1982 Monthly Joint Distribution of Wave Height
‘ L] »
:..‘ Versus Peak Period for Gage 610
o MONTH JAN
- PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
l‘; HE IGHT (METERS) PER10D(SECONDS) TOTAL
14 1.0- 3.0- 4.0- 5.0- 6.0- 7.0- 8.0- 9.0- 10,0- 11.0- 12.0- 14,0- 17.0-
2.9 3.9 49 59 69 7.9 8.9 9.9 10.9 11.9 12.9 15.9 LONGER
W 0.00 - .49 .. 9 9 9§ . 9 . 33®m 9 . 18 2 124
o .50 - .99 .9 . 88 S3 & 18 9 M s 9% 19 18 519
G 1.00 - 1.49 .. . 18 4 3% 9 3J W B . . 9 202
I 1,50 - 1.99 A S S | D R 114
oy 2.00 - 2.49 2 T 2 3%
0 2.50 - 2.99 A 9
3.00 - 3.49 ... s e 0
- 3.50 - 3.99 . L. L. 0
i .00 - 4,49 .. L )
N §38 - Gaezrsa A ) g
= = . . . . . . . . . .
s T 0 9 9 115 14 175 S& 44 123 88 96 97 53
L MONTH FEB
L PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD
o HE IGHT {METERS) PERIOD{SECONDS) TOTAL
= £.0- 3.0- 4.0- 5.0- 6.0- 7.0- B.0- 9.0- 10.0- 11.0- 12,0~ 14.0- 17.0-
o 29739 4.9 59 69 7.9 8.9 9.9 10.9 11.9 13 9 15.9 LONGER
o~ 0.00 - .49 0
L . - . . . . . . . . . . . . .
y .50 - .99 .. 9 ! 9 ¢ &5 45 135 108 18 9 9 423
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o
Y Table B30
L 1980 Through 1982 Wave Statistics for Gage 610
1
X Standard
" Standard Mean Deviation
o Mean Deviation Period Period Extreme Number
kf Month Height, m Height, m sec sec Height, m Date Observations
LY
:: Jan 1.1 0.7 8.8 3.0 3.4 1980 235
- Feb 1.2 0.6 9.0 2.4 3.5 1982 181
By Mar 1.1 0.6 9.3 2.8 3.4 1980 280
N Apr 0.8 0.4 8.7 2.7 2.3 1980 270
i May 0.8 0.4 8.6 2.2 3.0 1981 315
' Jun 0.7 0.4 8.2 2.6 2.2 1981 234
0 Jul 0.5 0.3 7.9 2.3 2.2 1982 195
N Aug 0.7 0.6 8.4 2.3 3.2 1981 173
?% Sep 0.9 0.5 10.2 2.5 3.0 1981 148
N Oct 1.1 0.7 8.5 2.7 3.8 1980 217
o Nov 1.1 0.8 9.0 3.3 4.0 1981 213
e Dec 1.0 0.6 8.3 2.9 3.3 1980 207
A
2 Jan-Mar 1.1 0.6 9.1 2.8 3.5 Feb 696
) 1982
- Apr-Jun 0.7 0.4 8.5 2.5 3.0 May 819
9 1981
; Jul-Sep 0.7 0.5 8.7 2.6 3.2 Aug 516
§ 1981

Oct-Dec 1.1 0.7 8.6 3.0 4,0 Nov 637
o 1981
0
b Annual 0.9 0.6 8.7 2.7 4.0 Nov 2,668
" 1981
&
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Figure B35. 1980 through 1982 extreme, mean, and standard
deviation of wave heights and periods for Gage 610
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Table B31

1980 Through 1982 Annual and Seasonal Joint Distribution

of Wave Height Versus Peak Period for Gage 610

HEIGHT (METERS)
0.00 - .49
.50 - .99
1.00 - 1,49
1.50 - 1.99
2.00 - 2.49
2,50 - 2.99
3.00 - 3.49
3.50 - 3.99
4,00 - 4,49
4.50 - 4,99
5.00 - GREATER
TOTAL
HE IGHT (METERS)
0.00 - .49
ns = -99
1.00 - 1.49
1.50 - 1.99
2-00 = 2.49
2.90 - 2.99
3.00 - 3.49
3.50 - 3.99
4.0v - 4,49
4.50 - 4,99
5.00 - GREATER
TOTAL
HE IGHT (NETERS)
0.00 - .49
B0 - .99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.89
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4,99
3.00 - GREATER
TOTAL

1.0-
2.9

i

1.0-
2.9

1.0-
2.9
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Ple = = o & » o =
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ANNUAL
PERCENT OCCURRENCE(X10) OF WEIGHT AND PERIDD
PERI0D(SECONDS)

3.0- 4,0- 5.0- 6.0- 7.0- B.0-
1.9 8.9

.9 49 5.9 6.9
3 b 8 17 4
10 5 50

20 43 28 18
4 15 12 6
1 8 2
. 2 3

{

~

. oty
r Y
—
-
o

30”1 n2 u2 o3

9.0- 10.0-
9.9 10.9
2 3
62 &7
15 29

7 9
2 4
2 2
2 .
. !
133 18

SEASONAL  JAN-MAR
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

PER]OD{SECONDS)

3.0~ 8,0- 5.0- 6.0- 7.0- 8.0-

3.9 49 59 69 7.9 8.9

10 & 4 37 37 9

10 20 M 122 107 8

9.0- 10.0-
9.9 10.9
16 17
9”8
19 39
10 19

37
P
31
102 172

SEASONAL  APR-JUN
PERCENT OCCURRENCE(X10) OF HEIGHT AND PERIOD

PERI0D{SECONDS)

3.0- 4.0- 5.0- 6.0~ 7.0- 8.0-

3.9 49 5.9 69 7.9 8.9

2 4 10 13 2 9
9 W & 2] & 95
6 13 2 17 2%

2 4 4 2

. 4 1

H 4 71 N ous s

(Continued)
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9.9 10.9
8 B
98 7

700N
10 4
1S
179 156

1,8 C LT g b
NN

TOTAL
11.0- 12.0- 14,0- 17,0-
11.9 13.9 16.9 LONGER
121 18 3 205
4 5 2 2 448
18 18 b 1 202
6 10 7 . 77
b i 3 35
K 2 2 16
1 4 1 9
{ i 1 4
. . . 0
. 0
. . . . 0
92 88 &1 8
TOTAL
11,0~ 12.0- 14,0- 17.0-
11.9 13.9 16.9 LONGER
4 14 6 4 8
30 8V 2% 4 432
2 3 10 1 263
9 10 13 . 121
) 7 9 . 30
L K| 6 . 2
. 10 1 . 16
3 . . 3
* o
0
. . . L 0
% 33 N 9
TOTAL
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17 b 1 1 175
5 6 1 4)
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" SEASONAL  JUL-SEP

- PERCENT OCCURRENCE(X10) OF MEIGHT AND PER10D

% HE IGHT (METERS) PER 10D ¢SECONDS) TOTAL

K's 1.0- 3,0- 4, 0- 5.0- 6.0- 7.0- 8,0- 9.0- 10.0- 11.0- 12,0- 14.0- 17.0-

2 2.9 3.9 49 5.9 69 7.9 8.9 9.9 10.9 1.9 13.9 16.9 LONGER

;,l 0.00 - .49 2 10 2 10 8 K} 81 103 42 23 12 27 2 33
.90 - 99 . 12 L) K] 48 39 &b 62 b4 37 3 i6 . 426

. 1.00 ~ 1,49 . . . 17 39 17 10 4 16 8 12 ) . 129

N 1.50 - 1.99 . . . 2 6 2 4§ 2 2 4 12 ) 38

W 2.00 -~ 2.49 . R . . 2 . . . . 4 12 4 . 2

1y 2.50 - 2.99 . . . . . 2 . . 4 . 4 . 10

: 3.00 - 2.49 . . . . . . . 4 . 2 . 2 . 8

: 3'50 s 3.99 . . . . . » . . . . . . 0

N 4.00 - 4.49 . . . . . . . . . . . 0
450'499 . . N . » . . » 0
5.00 - GREATER . . . . . . . . . . . . . 0

" TOTAL 2 22 16 6 103 91 161 175 1M4 82 81 83 2
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j 2.9 3.9 49 5.9 &9 7.9 89 9.9 10.9 11.9 13.9 15.9 LONGER

' 0.00 - .49 . 3 3 3 [ 13 3l 19 17 16 36 20 ) 173
.50 - .99 . i1 33 39 75 30 28 31 42 §7 17 20 . N
1.00 - 1,49 . . 8 27 52 45 20 13 16 4 17 b . 227

N 1.50 - 1.99 . . 2 8 27 20 9 3 [} 6 13 13 . 107

. 2.00 - 2.49 . . . . . 17 yd S S 13 ) [ . 53

- 2.50 - 2.99 . . . . 2 [ 9 S 3 5 ) 37

3.00 - 3.49 e 2 2 B 15
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A £00-449 . . . . . . . . . . 2.2
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1980 Through 1982 Monthly Joint Distribution of Wave

Table B32

Height Versus Peak Period for Gage 610

HE IGHT(NETERS)
0.00 - .49
20 - .99
1.00 - 1.49
1.90 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 2.99
4,00 - 4.4%
4.50 - 4.99
5.00 - GREATER
10
HE IGHT (NETERS)
0.00 - .49
S0 - .99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2,50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 -
5.00 - GREQTER
TOTAL
HE IGHT (METERS)
0.00 - .49
30 - N
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 2.49
3.50 - 3.99
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Table B33
1980 Through 1982 Persistence of Wave Heights for Gage 610
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" APPENDIX C: SURVEY DATA

Contour diagrams constructed from the bathymetric survey data are pre-
sented in this appendix. The profile lines surveyed are identified on each
3: diagram. Contours are in half meters referenced to National Geodetic Vertical
18 Datum. The distance offshore is referenced to the Field Research Facility

0 (FRF) monumentation baseline behind the dune.
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APPENDIX D: STORM DATA

During times when the wave height Hm exceeded 2 m at the seaward end

o}
of the Field Research Facility (FRF) pier, data were collected hourly. The

available data for the 16 storms during the year are presented in this

appendix.
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Atmospheric pressure. Reported in millibars, these data are
useful for documenting the type of storm, the passage of fronts,
and the intensity of the atmospheric pressure system.

Wind speed. Local winds are generally responsible for the wave
conditions at the FRF. Wind speed is reported in metres per
second.

Wind direction. Referenced to true (star) north, the wind
direction indicates the direction from which the winds are
blowing, e.g., winds blowing from west to east are referred to
as west winds.

Wave direction. Referenced to true north, the wave direction
measurements are taken at the seaward end of the FRF pier. The
pier axis (considered perpendicular to the beach at the FRF) is
oriented 70 deg east of true north; consequently, wave angles
greater than 70 deg imply the waves were coming from the south
side of the pier.

Gage 625, wave height. The wave height, measured in metres, was
that obtained from the Baylor staff wave gage located at the
seaward end of the FRF pier.

Wave period. The peak spectral wave period (in seconds) from
gage 625 is reported.

Water levels. Reported in centimetres and referenced to the
local National Geodetic Vertical Datum (NGVD), the water levels
were obtained from National Ocean Services (NOS) primary tide
sta 865-1370 at the seaward end of the FRF pier.

D1

L4 f'(..(\',-(' "Rq f,!q%-‘; -5- . oy - ..“ .F»...A e "%
' .'

! ! '\* [ ] ..
YOt M e



W IV

2861 Kaenuep J2-92

2861 Aaenuep |

p
3
;
3 JOJ ejep wao03s '2q 94ndtjg J0J BIEp WJI03S ‘|q 24nd1y
p
p
w 2861 2861
: XHUNNYr XYUNNGr
1 ez & "4 (4 1
; L 1 4 e01- L. | a01-
[ [ g
1 : ‘\\"”l’{} H
4 (] %
- ol
. WO, ‘“BAT W3t ._.! L W3 ‘“TGATT MILumM X ﬂ_
k S / $
s o - -— — to
" st )
1 . S ‘001434 JAUM L L S ‘00134 AWM L
] ) . ]
3 [ 4 T // 4
! 3 £ o
m . W ‘DM 1579 399 ot _ R ) . a
" v/t @ bt
1 % x «
) i =
m N N4l "930 ‘NDI1O3WIA IAUM e . N 3Nyl 830 “‘NOILIZYIC UM -
] - -
1 o ]
1 oz o
m . 3wl 930 ‘N01LICHIG ONTW N N N 3l "830 ‘NOIIO3NIO ONIM o
. : \\5 :
y o o
_ $1 o
m ® ped
1 S/ ‘03345 ONIM « S/W ‘03345 ONIM el
L : 4 eant - 900!
SO01 oo
] [-]1 ] o101
] stot ‘\‘\\‘"\\I} m.e“
o1 !
NSSIud ITUIHJSONIY oot BM “3UNSSI¥d I1AHLSOHLY ool

Flkv-\l?lf‘ﬂ?.m
PR

P e
- -~
L e T




" g

WAVE DIRECTION, DEB. TRUE N

Storm data for

WIND SPEXD, M/S

v

WAVE PERIOD, S

¥

WATER LEVEL, CM

>
ATMOSPHERIC PRESSURE, B

17-19 February 1982

WIND DIRECTION

‘/‘
Figure DY,

TR ——
A o

3 |3

-, (-] LR2evre '.;gn'ngvnn-;nnemesgsa
o BYBSSEE RR=="°RRES RN =S2TTEBERTY

17
FEBRURRY
1982

14

1
—
]
al
.
v

1

Storm data for

TION,

13 February 1982

-

z z 2N
WAVE DIRECTION, DEG. TRUE N

ATMOSPHERIC PRESSURE, MB
NIND SPEED, M/S

NIND DI

GABE 625; MO, N

WAVE PERIOO, S

WATER LEVEL, CM

Figure D3.

y

3

3

5 Y,
j S A0 3

1 77+ 7t e
RES o gRERegRAEOT"N-coReen

13
FEBRUARY
1982

0+
1%
100
0
9
“®
-l. r

L
8885388 ©

-
D
L )

: .'.:.'- o

-

D3

(o

-

UOSICOON R ‘,. AN A" Pl L o« ~‘( ‘-$. -H.
BN R A A TN IATCTERIA T A A UAT NTDMNIAL T 0 T

R

P

ot

4 VR ZR S COT T NN P e o0 2R ot
-‘9-|.=0‘l".5 K WLl

3



286l yoJeW | y3nouuyj 2861 Auaenuqay g2
faenaqag Lg 403 ejep wao3ls °9q a4ndry JOJ ®B3Bp WJI03S 'Gq 2J4nd1g
2861 Z861
, Iow_&z ° AyyNy834 AyunNy83 4
&Z
L 1 | ® <z
001- L toor-
ml. o
oo ®
‘ s o
. . MO ‘CA3T W3LuM o . O “TATT ¥3luM Lo
s
o i\...\l\\i!t\.l/!\tlt\tli\t\tlt\it ”_
(1) $1
‘ or
N , S _"00143d 3AuM fo . S ‘00134 IAUM x
1
T f — —e o —— ”“
c -
| 4
¢ 1 ]
. . N ‘OWH 1529 3949 o . W ‘M 1529 98 ﬁ.
'I\l\l\.\.\\‘ln e L g L 3 Iﬂ’
06
o8
N INNL °930 ‘NO1IJ3WIC JAuM ”“ [t
bor- —0 N M1 830 ‘NOIIIGNIO0 3AUM .ﬂ.
ot o«
- 081 ™.,
- 02 o2
. 7 - O0E
o N YL "930 ‘NO11I3YIO ONIM o . N ML 830 ‘NOTII3NIC ONIM ..ol
o ‘
by ot
n *
‘ &
. . S/k ‘T3S ONIN -l . S/4 ‘03345 ONIN e
3101 0!
L1010 [ 1] )]
[« 4] s
2ot oro!
9 T3uN5S3ud 1HIHISONLY ool &0

S A A3HdSOWlY

SSFSIEL ., T SIEEES aiafale Gk SEEETTN0 L RANYMYY. WAL R DL IR A S SR o S Al



beadd Lo bl - o b il S AN el na o ha Bt Rt Ll aat Sat had fal Sat Rat Sat Fal Saf Sel uibbE AL AL Al ik o)

2861 Ttady ge

2861 udJaew 9|

JOJ ejep wJo3l§ ‘gq 24n3dtg J0J B3EBp WJO3S " LQ 24ndry
¢861 2861
1 ¥dy HONUMW
62 4 zl 9t
L 4 o01- — } osi-
05 [ g
[ [
0s .3
[ )] o
) HD ‘T3A37 ¥3LUM o ) ¥J “T3ATV M3Ilum e
g . s s
hadll el el —_— o Py ey gy gyl o
E1] St
) S ‘001u3d JAUM by ) S ‘001¥3d AWM o
! 1
II‘IQTL-IU\.\\‘II‘.\\\\\\\ T 5 ¢
[ 3 [ 4
) M “OWH fSP9 3948 e ) R “OMH 1529 3949 e
» @ 1=
[ ) x o8
= L1}
) N 3041 630 ‘NO1LIGMIO 3AUM - . N YL 830 ‘NOLLINIO AWM o
e o o
- 1] [
o [ 4
) N 3Nyl 830 ‘NO11J3WI0 ONIM ) ”n . N YL 930 ‘NOILI3NIO ONIM . “u
6t e s €
ol ot
st 14
s 4 [ 4
S/W ‘0334S ONIM e S/M ‘03345 ONIM <
- 000! . [ ]
S00! }- SOD1
B e &
oeol - hal llﬁ\l/..{! .- > \g arol
— - - ——e - P01 - <Pt
B ‘3uNSS3ud I UMdSOMLL ol @ ‘3UNS538d I1UIHISOMLY - ot
RAASIPY. amB =Rl RTeRpmme e RETIE. - PPEEVNS LT WIS DAl AT RA S TS

D5

WA

b

.

l’ ’
s’

r

&

v,

4

Ay Tty Ry A
3

R

X

)
(3% Y

’\'lQ!‘g.

L N Y

. LK

5 L&
L A%, \ .
Ce b —‘!. ‘I‘.p“."ﬂ’!."l.l_l‘gei.xl .51?1.9 fad |

P

('5.



286l 3sn3dny 62 2861 Aew zI
J0J ejep wao3s  ‘0Lg 8Jandty J0J Bjep wJol§ " fQ 9Jn31y

2861 Z861
1SNany A6W
22

ot £1 21
L | o01- (- 4 on1-
os5- -
] [
[ 05
ant [ 1)
. W “13AT1 daluM o o B “TATV ¥3LM o
- 2 oame . asnnalietl * S s
— - ot ——— ot
- St 14
) S ‘00143d 3AUM S - S ‘001434 AWM iy
al _ i
"/‘/‘I‘l‘l’l\ -2 L [
- € [ 4 *
. I -y . v =4 C~d
M O‘OMH 1529 39u9 W ‘OMH 1S29 398 a A
L +0 — —t-0 -
x =Y @ k4 A
o "3 v o]
=) =i oL
) N 3041 "630 ‘NOIL33WIQ AWM o o N MWL ‘830 ‘NOILIGNIO AWM - 7
— gyt Bt Batl e o L s .
L ost \l‘l‘\"\'/ ot 24
8.7 4 | o oy Y o - !
e ¢ L oae e ¢ ox 2
. N 3Nl 930 ‘NOILI3MIO ONIM s . N MYl “S30 ‘NOILI3NIO ONIM o ‘X
s s rﬂh..
o ot <o
g g o 3l ;
o o <
S/M ‘03345 ONIM hol S/W ‘03345 ONIN = w5
L — - 000! — 0001 9
00! - SO0 -
0101 - ot0t R =
$101 _ L - $101 pr
0go! — Aot Nt -0 aroy » B
— - — bt po—toe—t0 SPO! [ 520! &9
M ‘IUNSS3¥d I YIHISOoMIY 0! BN ‘JANESINd D1NIHHSOMLY (] iwﬂ
=
o3
-
\n..\ﬁ-\aw.ih v R -«F-..-\-\ " T A R .:,\ I ..n.n\.-ﬂ?unu)L -, - ool (o,.n»h-‘u: UM o ‘-..-.nv--- TR PRl o MR P A oA - P .Hhua-w
RITry., HERAEE Xtk AN JERYY: YRRREN - SVRy| ONSERRE VRl [RRE |7 T



Oy

¢gbl JOQUIAON G2-61 286l 13Q0300 Ge-f¢

JOJ B3Ep WJI03S 2L aJndryg JOJ B4Ep W103S || q 94n3d14g
861 2861
439W3A0ON 4380130
9z 4 %4 £z (<4 12 (14 61 92 sz ¥e £z
L 1 1 i 1 1 1 Ps—. 1 I | { 0o1-
[ 0s-
0 0
s [+ 3
oot [ 1}
) . . , WO “TATT y3luM X Lo ) WO ‘T3A37 ¥3luM o
S SO0 iLF‘It.\t..m
ot Py 01
S! é‘q al
o ) . .S ‘00]¥3d A . o S ‘00134 3AM by
\ -t
4 a4
[3 Wn W
- . M ‘M 1523 390 . o WO 1579 399 ,
» . Bl
— —- —— [ v s 08
£ 2 4
ost . P) - 0Bt
0 ) N Iyl '930 ‘NOLLIMIO M 4o Ba
[ g hatiiag [ .4(1.
ez !\\l)\\q o ye
[,V 4 o Y
. . N Wl 930 ‘NOILOZYIO ONIM . o N 30yl 930 ‘NDILI3NIO ONIM o ..w.v;
S - $ 0
ol o D
Sl st v
o ® s
S/N ‘0334S ONIN < S/H ‘033dS ONIN ol s
— 1 " A A A S {- Q00! N 4 4 [ ] v
<00 - S0t ‘e
S0 Fotol o
Qrol - R0 .\afm
S2O! SO 2ot N
84 ‘IUNSSIud O1AHSOMLY x B ‘3MNSSIWd I14IHISONLY - a1 s
£
-&i.h
LI,
e
2
@, MONVEER UVYYY. YN YRET L LRRARPFS KK  SIPYYPNY | CDTRRT R A R AR - (e | =



Pl
e
2861 J9quadaq 2| 2861 Joquadaq 6 g
JOJ BjEp wJdo3S “hHlq 94nd1g J0J Bjep wJdo3s €1 q aandt] e
\
2861 Z861 :
¥38W3030 338W3330
£ 2 ol 6 oS
L ! oo1- L } 001-
bl - ‘.
[} o -1
= - 0
ol o o
N KO ‘T3A37 ¥31luM 1 WO “T3ATT M3LM ”m_ S
0 — } 5
» —x [S —— - — IS ... .-J
P S ot (1] s
sl st v,
N S ‘001434 IAuM o S ‘001434 IAGM o
D —_ 4 [ LI
s ‘\\.ﬁlﬂ.\\\.\\l\.\!\l\.\\l\l\\‘k — .“J\
f\"l’l‘l‘\ & 4 .-nv. ]
£ [ 4 o0} ..-A- .
. W ‘OWH 1529 39u9 -v WOOMH 1S29 3949 ' e "o
0 — 4 r
x - o g oy ]
- oa x o -~
-4 s S
R N ¥l 930 ‘NO1IJGHIQ 3AUM ost N JN¥L 8930 ‘NOILI3HIO JAUM ol
— o R o T r— }o
Y o
- OBt amn
o [ 4
. N 3N4l "930 ‘NOILIBYIO ONIM “l o N 3N¥1 830 ‘NO1LI3MIO ONIN ”n
[ 1
ol [+]]
sl e S sl
[+ J oz
) S/W ‘0T3S ONIM i S/W ‘03345 ONIM ol
4- ooot C 4 0001
ool £001
0101 o
ciot sion
aeol ot
20l £ d
BH ‘3WNSSId I THIHISOMLY oeot oM ‘3unSSiud Wl oeox g
A,
L &
e
VM...
1 4
. .“
PR
. 5" --\\\-.\. . ‘h R PORS “.‘.‘-.‘. V-,. .-d-u!--....yi\-“\ﬂ...(i .7 -\_-m.->1. g \‘F-t\-\\ Py .----.-h.\.-..q.-_ k...\.‘ .-...--L .A.~ .’-fnclwﬂ-l,v- ' Rl N .-,)J K I.W'\»



RS
Y P e B Yy A

ATMOSPHERIC PRESSURE, MB

T

WIND SPEED, W/S

iy f.p’ 'n’,"f\‘-r' u

U s
Sﬂl.'&-‘. .

&

. TREEN

T

NAVE OIRECTION, DES

"$(1'($5'-'$d'
(] » W (S,

3 A

»”

-'0?4'{' (_
r'a.

N

6RGE 625; HMD, M

3

D9

o

T

WRVE PERIOD, S

Wy Sy R
‘\1'\'\ ¢

»

L Aol - Al aSE aig a1l adf ade o antode - i

- - R
'3
)
ot
[ - = @ o
o ©
« O
o —
E
=
o
e o a
- J_)E
é 0o
3]
4 R
rE . @ 2o
o~
e —
=
&0
o
=
o
LJ
no
_:Z@
~cgarcps 2T
' J
(=]

AERCLY (%<
A CAOROCTT

¥
()




S/ ; .
UL ANA NN ) ; LAY
o 8%, 00 8%, Y

AN AR AP NI SR DT '-}-‘r;mmmﬁ



