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PREFACE

This report is published to provide coastal engineers and coastal
researchers with summaries of nearshore wave measurements from 19 loca-
tions along the Atlantic, gulf, and Pacific coasts. The work was carried
out under the wave measurement program of the U.S. Army Coastal Engineer-
ing Research Center (CERC).

“

This report was prepared by Edward F. Thompson, Hydraulic Engineer,
under the supervision of Dr. D. Lee Harris, Chief, Oceanography Branch.

The success of the CERC wave measurement program has been a result
of the efforts of many people involved with the program since 1948, The
assistance provided by Dr. Harris in the planning and preparation of this
report is greatly appreciated. Particular recognition is given to the
following people who designed, built, installed, and maintained the wave
gages and associated electronics: C.M. Hare, F.W. Kellum, N.F. Lang,
E.A. Maiolatesi, W.E. Robertson, C.H. Shepherd, Jr., and L.C. Williams.

Comments on this publication are invited.

é Approved for publication in accordance with Public Law 166, 79th
Congress, approved 31 July 1945, as supplemented by Public Law 172, 88th
Congress, approved 7 November 1963.

% d—-—-——-—-— i
OHN H. COUSINS
Colonel, Corps of Engineers

Commander and Director
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to metrie (SI)

units as follows:

. Multiply by To (ll)lili;l
“inches 254 millimeters Gl
2.54 centimelers
square inches 0.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 mefers
square feet 0.0929 square meters
cubie feet 0.0283 cubic meters
vards 0.9144 meters
sipuare yards 0.836 square meters
cubic vards 0.7646 cubic meters
miles 1.6003 kilometers
square miles 259.0 hectares
knots - 1.8532 kilometers per hour
acres 0.4047 nectares
foot-pounds 1.3558 newton meters
millibars 1.0197 X 1073 Kilograms per square centimeter
ounces 28.35 grams
pounds 453.6 grams
0.4536 Kilograms
ton, long 1.0160 meltric tons
ton, shiort 0.9072 metric tons
degrees (angle) 0.1745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!
"To obtain (ll_ﬂ—ll_s(;)—l:;;:t;l_l-:l: ;‘vljll;;g:lnh»nn Falirenheit (I) readings. use formula: C (.')“))-F_-i;?;.
To obtain Kelvin (K) readings, use formula: K = (5/9) (F - 32) +273.15.
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WAVE CLIMATE AT SELECTED LOCATIONS ALONG U.S. COASTS

b
Edward F. Thompson

NS

3 I. INTRODUCTION

In support of its mission to conduct research on coastal phenomena of
engineering importance, the Coastal Engineering Research Center (CERC)
and its predecessor, the Beach Erosion Board (BEB) have operated wave
gages in the nearshore environment for more than 25 years. The results
of this effort provide the coastal researcher and the coastal engineer
with important data on waves arriving at U.S. coasts in response to a
variety of meteorological conditions; however, an equally important
result is the specification of the annual and seasonal significant wave
height and period climate at various coastal locations.

Knowledge of the ocean wave climate is important for planning coastal
operations, estimating coastal sediment movement, designing coastal struc-
tures, and for other applications. However, because recording and analyz-
ing reliable wave climate data are expensive and time consuming, there is
a paucity of field wave data. Thus, the primary purpose of this report
is to present summaries of significant heights and periods from the BEB-
CERC field wave-gaging program a* the 19 locations shown in Figure 1.

A secondary purpose is to provide details and a perspective on the vari-
ous wave measurement, recording, and analysis systems used by BEB-CERC.
Similar wave-gaging programs are ongoing in shallow water along the
southern California coast (Seymour, et al., 1976) and in deep water
along Canadian coasts (Wilson and Baird, 1972).

Although there is presently no suitable substitute for accurate near- ]
shore wave measurements, data obtained from the gages must be carefully
interpreted. The waves being measured must be considered: Are the waves
breaking or have they already broken? For surface gages, are these deep-
water waves not yet affected by refraction and shoaling? These questions
are discussed in Section II.

Aside from the variability of the waves being measured, the ability
of the wave recording and analysis system to translate the waves in
nature into accurate and useful results must be evaluated. Several
important problems in the BEB-CERC system were probably unavoidable in
a wave recording and analysis system under development for two decades.
Different gage types, recording schemes, and methods for analyzing wave
records have been used. Also, many gaps exist in the recording sequences.
Each of these factors can introduce biases in the summarized data.

Three basic wave gages have been used in the BEB-CERC wave data
collection program: Two staff gages (the step-resistance gage and the
continuous-wire gage) and an underwater pressure-sensitive gage. The
gages and the wave recording schemes used are discussed in Section III.

{ 9
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Data recording and analysis techniques are discussed in Sections 1V,
V, and VI. Section IV discusses the different methods used by CERC for
analyzing pen and ink records; Section V discusses the recording and
spectral analysis of CERC's digital wave records on magnetic tape. In
Section VI, significant wave heights and periods obtained from pen and
ink records are compared with results from digital records.

The dependence of annual wave summaries on data analysis techniques
and coastal location is described in Section VII,

The contents and format of the summaries of significant wave height
and period are explained in Appendix A. Most summarized data were
obtained with staff gages ranging from 4.6 to 13.7 meters (15 to 45 feet)
in length and mounted on or near the seaward end of a pier. The ocean
bottom at the gages ranged from 4 to 30 meters (13 to 100 feet) below
mean sea level (MSL); however, none of the shore-based gages were in
water deeper than 7.6 meters (25 feet).

The summaries, including results from both digital and pen and ink
data, are presented in Appendix A for locations on the Atlantic coast,
the gulf coast, and the Pacific coast.

II. NEARSHORE WAVE CHARACTERISTICS AT THE GAGES

Waves traveling from deep water into shallow water are modified by
such processes as refraction, shoaling, and reflection. When several
wave trains with different frequencies are present, these modifications
can be complex. In such cases, energy transfer between wave trains can
also be important.

Several different wave trains, each with a different wavelength and
coming from a different, clearly defined direction, are usually visible
in clear aerial photos of coastal waves. The photos often show short,
choppy sea waves superimposed on several trains of long, regular swell
waves. An example of multiple wave trains is shown in Figure 2.

Energy spectra obtained from CERC gages support the hypothesis that
several wave trains with different energy and frequency are common
(Thompson, 1974; McClenan and Harris, 1975). Examples from the Atlantic,
gulf, and Pacific coasts are shown in Figures 3, 4, and 5. These data
also indicate that occassionally, finely tuned unimodal spectra do occur.

Aerial photos of good quality are useful for observing wave modifica-
tion and often show a remarkable change in the relative dominance of
different frequency wave trains as the waves move into very shallow
water nearshore. Some low-frequency wave trains which are nearly
invisible offshore amidst higher frequency waves, have been observed
to increase in prominence very nearshore to the point that, in the
breaker zone, the train totally dominates the shorter waves present
(Harris, 1972a; McClenan and Harris, 1975; U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, 1975, p. 3-4). This phenomenon is
shown in Figure 6.
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Since offshore bottom topography, coastal exposure, and local currents
are different at every coastal location, the coastal wave climate can also
differ. Wave height can vary considerably, particularly alongshore be-
tween points on a given nearshore depth contour (Harris, 1972a; McClenan
and Harris, 1975; U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, 1975, pp. 2-65 to 2-77; p. 2-112). This variability is
expected to be small for short distances along a coastal area with rela-
tively uniform topography and exposure.

o

Wave frequency can usually be considered unchanged as waves move into
shallow water; aerial photos generally indicate no loss of integrity of
waves during the refraction and shoaling processes. However, in some
situations, a wave in shallow water can break down into several shorter
waves (Galvin, 1972; McClenan and Harris, 1975).

Wave frequency, as determined from a measurement point fixed in space,
can also be modified by local currents. A current opposing the waves
decreases the frequency; a following current increases the frequency.

The placement of wave gages by BEB-CERC has been limited by practical
considerations. Since staff gages require a rigid mounting structure,
most BEB-CERC staff gages have been located near the seaward end of ocean
piers to gain optimum exposure to waves from different directions and to |
keep the gages seaward of the breakers for most wave conditions. However, |
most waves reaching the gages have been appreciably altered by bottom |
effects. At times, waves arriving at a gage have already negotiated an
offshore bar seaward of the pier on which the gage is mounted; occasion-
ally, high waves break seaward of the gage.

Ocean waves measured at the gages are rarely either deepwater waves
or breakers; however, accurately measured and properly interpreted, the
waves provide a good indication of the wave frequencies and wave heights
approaching shore.

III. WAVE GAGES AND RECORDERS

1. Wave-Gage Types.

a. Step-Resistance Gage. Most step-resistance gages used in the
wave-gaging program at BEB and initially at CERC, were designed and
fabricated at BEB (Williams, 1969). These gages used electrical contact
points along the staff to sense water surface elevations. The contact
points are embedded, usually at 0.06-meter (0.2-foot) intervals, in 1.5-
meter-long (5-foot) epoxy resin sections which are designed to slide
easily into a steel or aluminum H-beam frame securely clamped to a piling,
steel pipe, or other rigid support.

Step-resistance gages are classified as spark plug, parallel, or
relay types, and are all similar in appearance. The spark plug type was
used only in the beginning of the BEB wave-gaging program. The parallel
type has been developed for use in saltwater of fairly constant salinity.

{ 20

PTG T N R S G . WL e




{

The relay type is designed for use in either saltwater, freshwater, or
water of highly variable salinity.

b. Continuous-Wire Gage. The continuous-wire gage now used by CERC
is a type manufactured by the Baylor Company, Sugar Land, Texas, and
consists of two parallel stainless-steel cables in tension, spaced about
23 centimeters (9 inches) apart. Braces at both ends of the cables are
firmly attached to a rigid support. Spacers are usually placed at inter-
mediate points along the cables to ensure proper separation. The gage
produces an electrical output proportional to the length of cable above
the short circuit imposed by the sea surface.

This rugged gage is capable of operating very well along any exposed
ocean coast and is insensitive to biological fouling or to small varia-
tions 1in salinity; however, it is unsatisfactory for use in freshwater,
or brackish water. Failure of the gage is frequently caused by light-
ning damage to gage circuitry. Continuous-wire gages are presently used
at all CERC staff-gage locations where electrical conductance of the
water is sufficiently high.

c. Pressure-Sensitive Gage. Submerged pressure-sensitive gages are
useful at locations with cold winters where ice would form on a staff
gage and render it inoperable and at locations where no suitable struc-
ture for gage mounting is available or where a staff gage would inter-
fere with navigation. Pressure gages can be placed on the ocean floor
in shallow water.

The first pressure gage used by the BEB had a bellows that changed
in length in response to water pressure variations (Williams, 1969).
The bellows movement was coupled to the core of a linear differential
transformer which produced an electrical signal that was amplified and
recorded. A new pressure-gage design was adopted in 1964 which used
strain gages rather than a bellows (Peacock, 1974).

A pressure-gage record is always damped in comparison to a staff-
gage record, because the pressure pulse due to a surface wave is atten-
uated with increasing depth of measurement. For intermediate and low-
frequency waves, the pressure record can usually be compensated for
gage submergence with frequency-dependent compensation factors (Esteva
and Harris, 1970); for high-frequency waves with wavelengths shorter
than twice the water depth, the pressure record is often attenuated
beyond recovery.

Local currents can affect apparent wave frequencies. A wave in a
current with a component of velocity in the direction of wave travel
passes a fixed gage more rapidly than a wave of equivalent length out-
side the current. Thus, the apparent frequency of the wave in the gage
record is inappropriately high for the wavelength. The frequency-
dependent compensation factor applied to such a record and the resultant
wave height estimate would be too high. Similarly, for a wave in a
current with a component of velocity opposing the wave motion, the wave
height estimate would be expected to be too low.
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Pressure gage ar isceptible to biological fouling; however, with
routine maintenat , fouling 15 not been a major problem with gages now
used by CERC
& "_“;l';i’ M ige 1yy

Since the three t f wave gages do not respond identically to a
given sea state, i ¢ assoclated with a small individual bias.
To evaluate the relat responses, a continuous-wire gage, a step-
resistance gage, ar ty Pre ire gages (2.6 and 4.3 meters below MSL),
were mounted 3.7 meten 12 feet) apart on the end of Steel Pier in
Atlantic City, New Jersey (Esteva and Harris, 1970). Wave data were
recorded as 20-minute digital records on magnetic tape, and 12 records

per day for 1 week were analyzed. The standard deviation of each digital
record, referred to as the root-mean-square (RMS) elevation, was computed
as an estimate of wave height, RMS elevations for pressure gages were
compensated according to linear wave theory to conform to surface measure-
ments. RMS elevations from the pressure- and step-resistance gages were
plotted as a function of RMS elevation from the continuous-wire gage
(Fig. 7). Data from both pressure gages compared favorably with data
from the wire gage. However, most data from the step gage were higher
than data from the wire gage. Significant height estimates (four times
the RMS elevation) obtained from a step-gage record appeared to be about
1 foot higher for low and moderate wave conditions and about 20 percent
higher for high-wave conditions (Fig. 7).

One reason why the step-resistance gage is biased toward higher wave
readings is that waves striking the gage tend to run up the inside of
the H-~beam which supports the gage (Fig. 8; see also Fig. 12 in Williams,
1969). During long-term unattended field use, thick biological growth
on the gage can slow gage response to wave troughs, and severe growth
can continue to short out the gage at a particular elevation even when
the sea surface drops momentarily below that elevation.

3. Wave Recorders.

a. Recorder Types. Data from two types of wave recorders have been
used for this study. The earlier BEB main recorder type was the pen and
ink strip-chart recorder; sample records are shown in Figures 9 and 10.
The pen motion is controlled by a voltage signal which increases and
decreases in response to momentary changes in sea surface elevation at
the gage. The pen and ink recorder was activated by timer-driven
switches at regular intervals.

A digital magnetic tape recording scheme has been implemented at
CERC within the last 10 years. In this recording scheme, the voltage
signal from the gage is converted to a frequency-modulated signal,
transmitted to the CERC laboratory via telephone line, reconverted to
a voltage signal, converted to a digital signal, and finally recorded
in a binary-coded decimal format on 0.5-inch magnetic tape at the rate
of four data points per second. The recorder operates continuously,
switching automatically to a new gage or group of gages every 20 minutes,
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b. Changes in Recording Procedure. For most of the recorded data,

-

the pen and ink strip-chart recorder ran for 7 minutes each time it was
activated (at 4-hour intervals before August 1971 and 6-hour intervals
after that date). After Aprii 1975, the standard record length was
decreased to 4 minutes. Records taken before January 1970 were on
curvilinear paper; records from 1970 to the present are on rectilinear
paper (Fig. 9).

Before 1966, all recorders were located at the gage sites and were
tended by local people under contract to mail the completed rolls of
chart paper to BEB-CERC, to install fresk rolls of chart paper when
necessary, and to report any malfunction of the equipment. After 1966,
the signals from some gages were sent instantaneously over telephone
lines to the CERC laboratory. Since November 1968, the signals from
most gages have been routinely sent over telephone lines, converted to
digital form, and recorded on magnetic tape.

Digital signals from four gages were recorded simultancously after
March 1971. This procedure is accomplished with an electronic multi-
plexer which successively samples each of the four gage signals every
1/16 second, so that a data point from any particular gage signal is
obtained every 1/4 second.

One 20-minute digital record per hour was obtained for each gage
signal before February 1973, accommodating 12 gage signals by the
recording sequence. However, since that date more than 12 gage signals
have been received and the recording sequence modified to provide one
20-minute record every 2 hours for each gage signal.

Although digital records for each gage recorded are available every
1 or 2 hours, only four digital records per day are routinely analyzed.
Pen and ink records taken during time periods covered by digital records
are not routinely analyzed, but are used mainly for quality control and
for special tests. The pen and ink records also provide a backup when
the digital recorder is inoperative. If known in advance that pen and
ink records will be analyzed, records longer than 4 minutes can be
obtained.

4. Gage and Recorder Problems.

Maintaining an operating wave gage in coastal waters is difficult.
To minimize problems, BEB-CERC generally performed routine maintenance
twice a year on both step-resistance and pressure gages which consisted
of a thorough cleaning and recalibration of the gage and often cleaning
and repainting of the H-beam or other supporting structures. Routine
maintenance of continuous-wire gages has not been necessary.

In spite of regular maintenance and improvements in wave-gaging
systems, interruptions in the recording sequence have been caused by
storm waves, lightning, fire, electricity cutoffs, biological organisms,
vandals, and errant boats striking the gage.
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Some of the common problems which result in missing records with the
onsite pen and ink recorders are: (a) Sticking of the recorder pen in
one position or running out of ink, (b) failure to promptly replace the
chart paper rolls, (c¢) failure to date the records, and (d) mailed records
never reaching CERC,

\ major problem with the digital magnetic tape recorder is electronic
noise in the data. Noise is fairly common on telephone lines, and
although analysis procedures can cope with some types of noise, it is
still a problem. Minor, less frequent problems are tape-reading diffi-
culties, power failures, and recorder malfunctions.

[V. ANALYSIS OF PEN AND INK WAVE RECORDS
hltroductiiﬁl.

Despite the many problems associated with efforts to measure ocean
waves, CERC has accunulated a large volume of pen and ink records.
Unless the sea is very calm, these records usually indicate waves with
a variety of heights and periods and often show a complex interaction
between several distinct wave trains with different heights and periods.
Examples of recorded waves are shown in Figure 9.

For practical use, the information in the pen and ink records is
usually reduced to a few concise parameters which define a sea state and
can be used to form statistical summaries of sea states. These simpli-
fied data can be used more readily than the original pen and ink records
for the solution of most coastal problems.

Each wave record is usually characterized by a wave height parameter
and a wave period parameter. The most commonly used characteristic wave
height has been the "significant'" height. Significant height was origi-

nally proposed by Sverdrup and Munk (1948), who recommended that the
4 wave height estimate be based on the higher waves in the record. They
proposed the average height of the one-third highest waves in the record
as a reasonable estimate of wave height. The concept of a significant
wave height has proved useful in coastal and ocean engineering, and
numerous methods have been developed for estimating significant height.

A single measure of wave period has not been as clearly defined.
Most pen and ink record analysis methods give no more than a rough
averaging of periods of the higher waves; this estimate is usually
referred to as the "significant'" period.

BEB-CERC has used several different methods to estimate significant
wave height and period from pen and ink records; these methods are dis-
cussed below.

4
3
t 2. Analysis Methods for Pen and Ink Wave Records.

a. First BEB Method. This first method of pen and ink wave record
analysis (started by BEB in 1948) used an average wave period (signifi-
cant period), measured crest-to-crest, determined from sequences of high,
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well-defined waves in the record. The record length was usually 7
minutes, and was divided by the significant period to obtain an estimate
of the total number of waves in the record. The heights, measured from
crest to preceding trough, of the highest one-third waves were then
measured and averaged to give a significant wave height for the record.

- b. Second BEB Method. The second BEB method for pen and ink record
analysis, adopted in 1953 or 1954, was quicker than the first method.
This procedure required the person performing the analysis to select a
lI-minute sample from the record which contained the highest and most

i uniform waves. Then, a wave-period template was used to estimate a

| significant period for the high, uniform waves. According to the sig-
nificant period, the height of the first, second, or third highest wave
in the l-minute sample was measured and used as an estimate of the sig-
nificant wave height.

c. CERC Method. 1In January 1965, a third pen and ink record analysis
was adopted at CERC. This method used the full 7-minute wave record, was
fairly fast, and was more discriminating than the second BEB method. A
3 wave-period template was used to estimate the period of the higher and
more uniform waves in the record. The length of the record divided by
the significant period, gave an estimate of the total number of waves in
the record. Assuming that the Rayleigh distribution applied for heights
of individual waves in a record (see U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, 1975, pp. 3-5 to 3-11), the rank, n,
P of the wave which would theoretically have a height equal to the signifi-
cant height, was determined. The height of the nth highest wave in the
record was measured and used as the estimate of significant height. Step-
by-step instructions for this analysis method are given in Appendix B.

This third analysis method is now used at CERC when significant wave
heights and periods must be estimated from pen and ink records. However,
the procedure is no longer carried out routinely.

5. Comparison of Pen and Ink Record Analysis Methods.

Methods used by BEB-CERC for analyzing pen and ink wave records often
give different results when applied to the same wave records. These
methods, particularly the second BEB method which required selection of
a l-minute sample, are also fairly subjective; the results are dependent
upon the individual analyzing the record. The CERC method is more objec-
tive, and is considered to give more reliable results.

Since results of all three pen and ink record analysis methods are
included in this study, some of the old BEB pen and ink records were
reanalyzed using the CERC method. Linear regression equations were
computed, relating results from the CERC method to the old analyses;
significant height estimates derived were found to average about 20
percent lower than height estimates from the BEB method. Significant
period estimates were reasonably comparable to each other., Additional
details of this study are in Appendix A.
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tHarris (1970) compared the CERC method with other accepted methods
for estimating significant wave height and period from pen and ink
records and found correlations above 0.9 with wave height estimates
from a method based on the highest crest and the lowest trough, as
recommended by Tucker (1961). Harris also found high correlations
between height estimates from the CERC method and the average height
of the one-third highest waves in the record.

Methods of estimating wave period from pen and ink records considered
by Harris (1970) were the CERC method, the average period between upward
zero crossings, the average period between all waves, and the average
period of the one-third highest waves. Correlations between estimates
from the CERC method and the other methods were below 0.25 except for
estimates from the zero-crossing method which gave correlations of
.39 to 0.55.

V. ANALYSIS OF DIGITAL WAVE RECORDS

Techniques for recording and analyzing digital wave data in the
last 15 years have improved considerably, and digital data are now
attractive for several reasons. Digital data permit direct computer
analysis, providing objective, repeatable estimates of significant
height and period, and facilitate computation of wave variance or energy
spectra which provide more information about the wave field. Spectra
are also useful for solving some engineering problems.

CERC has been recording digital wave data since 1966; data from each
gage are recorded at the rate of four points per second for a duration
of 20 minutes every 1 or 2 hours. The standard CERC computer analysis
uses 4,096 data points or 17 minutes and 4 seconds of data for each gage
record processed; one record is processed every 6 hours for each gage.
The standard analysis has been applied to most of the available accept-
able digital data.

The first step in the CERC computer analysis program is to edit the
digital record selected for analysis., Editing routines check for non-
numeric characters or anomalous spikes and jumps in the record, and
usually interpolate across a few bad or highly questionable data points;
however, if the data contain more than five consecutive bad points or if
more than 2.5 percent of the data points are bad, the routines reject
the record as unsuitable for analysis.

[f the record is accepted, the distribution function for the accepted
data points and its first five moments are computed. The second and
third moments are checked for a reasonable comparison against criteria
supplied in the program.

After the credibility of a record has been verified, the program
applies a data window to the data points of the form:

yYit) . 27t
2 ]l - CoO: §
5 ( CcCOS T )
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where y(t) is the data point at time, t, and T is the
Application of a data window results in greater resolution for the fre-
quency spectrum of the record. This procedure decreases the variance of
the data points, and the variance or energy of the original data points,
y(t), 1s retained for estimating significant wave height, The use of
data windows is discussed by Bingham, Godfrey, and Tukey (1967), Briscoe
(1972), and Harris (1974).

After application of the data window, the program computes the vari-
ance spectrum, often called the energy spectrum because the potential
energy in the wave record is proportional to the variance of the record.
This computation involves assigning a part of the energy to each of
1,024 different frequencies. The spectrum is computed by a method based
on the finite Fourier transform technique (Bingham, Godfrey, and Tukey,
1967; Tukey, 1967). To gain statistical stability and to reduce extra-
neous detail, the energy assigned to several successive frequencies in
the computed spectrum is combined to give an array of energy estimates
for a series of frequency bands of equal width (usually 0.0107 hertz).

In the standard CERC procedure, spectra are then normalized by divid-
ing the energy assigned to each band by the total spectal energy over a
specified range of frequencies. The range of frequencies which the total
energy represents is referred to as the normalization interval. The
normalization interval for surface wave records is usually 0.033 to 1.0
hertz for staff gages, which corresponds to wave periods of 1 to 30
seconds. Normalized spectra facilitate investigation of spectral shapes;
examples computed at CERC are shown in Figures 3, 4, and 5.

The spectral analysis of data from submerged pressure-sensitive gages
requires some additional calculations. The pressure gage senses a signal
which is attenuated by the water over the gage. The amount of attenua-
tion increases with the frequency of the surface waves and the depth of
submersion. To compensate the spectrum of a pressure-gage record for
attenuation, the variance assigned to each spectral band is multiplied
by a factor (greater than or equal to one) derived from linear wave
theory. The compensated spectrum is then renormalized.

Compensated pressure spectra arec generally based on a more restric-
tive normalization interval, with a lower high-frequency cutoff than
spectra derived from staff gage records. The selection of a high-
frequency cutoff for compensated pressure spectra becomes increasingly
difficult and critical as water depth over the gage increases.

The standard CERC spectral analysis program is occasionally modified
for special applications; e.g., successive data points obtained in lab-
oratory experiments may be separated by a smaller time interval than
the standard 0.25-second interval used for field data. A longer time
interval between data points and a longer duration of the record are
required for harbor resonance studies.
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The standard analysis program has also been applied to data not
acquired in the standard format, In these cases, the program controls
are usually chosen to make the analyses as comparable as possible to the
standard analyses. Nonstandard analyses have not been included in this
study.

Complete spectra are difficult to interpret for many engineering
applications; significant wave height and period provide a convenient
and readily used indicator of wave conditions, and for compiling sta-
tistical summaries of sea states, are easier to handle than complete,
but complex descriptions of wave conditions.

Significant wave height for a digital wave record is approximately
equal to four times the standard deviation of the record (U.S. Army,
Corps of Engineers, Coastal Engineering Research Center, 1975, p. 3-12).
For pressure records, this estimate of significant height must be suit-
ably compensated to represent surface wave conditions. The magnitude
of the compensated significant height is quite sensitive to the high-
frequency cutoff applied to the spectra, especially for data from
relatively deep gages or from locations with considerable high-frequency
wave energy.

At CERC and other organizations, the dominant wave period for a
digital record is defined as the period associated with the frequency
at the middle of the spectral band with maximum energy. Since the
spectral bands are of equal frequency width, the analysis provides
unitform resolution in frequency. However, wave period is the reciprocal
of frequency, and the resolution in period is not uniform, If the data
are summarized for equal resolution in period, the energy assigned to a
greater number of individual frequencies must be combined for short
periods than for long periods.

Only a discrete set of period values are possible with the standard

“digital analysis. When the data are summarized in equal width period
intervals, a given period interval may be distorted by one more or less
period value than is representative for the interval. This effect is
important only for adjacent intervals encompassing few discrete period
values or frequency bands; e.g., Table 1 shows that the 13- to ld4-second
interval contains no period values, and that the 8- to 9-second interval
contains two period values while both the 7- to 8- and the 9- to 10-second
intervals contain only one. Thus, a false concentration of period values
could be expected in the 8- to 9-second interval.

When two wave trains occur, the present system of defining the sig-
nificant wave period emphasizes the longer period waves. In using uni-
form period increments, the shorter period would be favored. The present
system was adopted because of: (a) Directness, (b) an accurate knowledge
of wave frequency is more important than an accurate knowledge of wave
period in many practical problems, and (c¢) longer waves are more impor-
tant than shorter waves of similar height in many applications. Complete
information about all wave trains can be obtained only from the full
spectrum.
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Table 1. Wave period resolution of the CERC procedure
for analyzing digital wave records.

Wave period interval Number of frequency bands
(s) | in interval
1 to 2 47
2.t 5 15
3 to 4 8
4 to 5 4
SN g6 4
6 ta 7 2
7 to 8 1
8 to 9 2
S to 10 1
10 to 11 1
11 ter 12 0
E2 ko 13 1
13 to 14 0
14 to 15 1
1S to 16 0
16 to 17 1
17 to 18 0
18 to 19 0
19 te: 20 0
L 20 to 21 ) 1 Cen

Another consideration in interpreting wave period for the band with
maximum energy in the spectrum arises from peculiarities of the wind-
wave generation process (Barnett, 1972; Hasselmann, et al., 1973).
Nonlinear transfer of wave energy between different frequencies during
wave generation causes a net gain of energy in the low-frequency part
of the spectrum. The energy transfer process also focuses most of the
energy into an increasingly narrow band of frequencies.

Waves traveling away from a generation area tend to segregate accord-
ing to frequency as low-frequency waves move faster than high-frequency
waves. The low-frequency waves also attenuate more slowly than the high-
frequency waves.

Thus, wave conditions can arise where a train of low-frequency waves
provides the maximum energy in any single spectral band; a train of
higher frequency waves contains more total energy but the energy is
spread over several frequency bands. In such conditions, the standard
analysis would report the period of the low-frequency waves.

VI. COMPARISON OF RESULTS FROM STMULTANEOUS
DIGITAL AND PEN AND INK RECORDS

1. Introduction.

BEB-CERC accumulated a large volume of significant wave heights and
periods obtained from pen and ink records. CERC is now in the process
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of accumulating and analyzing a considerable number of digital wave
records. Both of these data files represent a large investment of
money and effort, and provide valuable documentation of waves at many
U.S. coastal locations.

In using significant heights and periods from both pen and ink and ,
digital records in this study, the derivation is sometimes ignored; |
however, this approach can be misleading. Pen and ink record analyses
can depend on the method used to obtain them. With data recorded and
analyzed by two totally different procedures, discrepancies in the
analyses are even more likely.

Engineers are more familiar with pen and ink records because these
records have been available longer than digital records. Does the
engineer need to make special allowances when using heights and periods
derived from digital records? This question is best answered by the
following specific questions:

(1) How do individual significant height and period estimates from
pen and ink records compare with those from digital records taken at

about the same time?

(2) How do statistics such as mean and standard deviation of the
distribution functions compare?

(3) How do the distribution functions compare?

These questions are discussed in this section; conclusions are
briefly summarized at the end of the section.

2. Description of Data Sample.

To investigate the compatibility of significant wave heights and
periods from digital and pen and ink records, an 8-month sample of both
types of data, taken between September 1971 and April 1972, has been
analyzed. The digital data (discussed in Section V) were 1,024-second
records taken four times daily from gages at six Atlantic coast and two
gulf coast locations; 7-minute pen and ink records were also taken four
times daily from the same locations, each record beginning within 30
minutes of a digital record. Pen and ink records were then analyzed by
the CERC method (Section 1V, 2).

3. Comparison of Results.

a. Individual Estimates.

(1) Significant Height. Significant height estimates from digi-
tal and pen and ink records taken at an Atlantic coast gage location
(Savannah Light Tower, Georgia) are compared in Table 2. The table is
a joint distribution of the ratio of pen and ink height estimate to
digital height estimate as a function of digital height estimate.
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Over half of the pen and ink estimates in Table 2 are within *10
percent of the corresponding digital estimates; however, a few height
ratios are substantially different from unity. Seven of the pen and

ink estimates differ from the digital estimates by more than +40 percent.
The table shows a decrease in percentage variability of pen and ink esti-
mates for higher wave conditions, indicating that the dispersion betwee;
estimates may be absolute rather than wave height dependent.

Table 2 shows no consistent tendency for pen and ink height esti-
mates to fall above or below digital estimates; the average pen and ink
height estimate was 98 percent of the average digital height estimate.
This difference in averages amounts to only 0.05 foot.

Comparisons of height estimates from seven other gage locations lead
to the following similar conclusions: (a) About half of the digital and
pen and ink estimates agree within 10 percent, (b) 4 out of 100 esti-
mates can differ by *+40 percent or more, and (c¢) percentage variability
of estimates decreases with increasing wave height.

Correlations between estimates in the full 8-month data sample
(Table 3) also indicate that, in general, individual significant height
estimates compare favorably (between 0.93 and 0.96 for every location).
Correlations between digital and pen and ink height estimates obtained
by Harris (1970), using the same methods for two l-month data samples
from Atlantic City, New Jersey, also fall within this range.

For high wave conditions at some locations, the pen and ink height
estimates tend to be relatively high; e.g., Wrightsville Beach, North
Carolina (Table 4). This tendency derives from the nonlinear wave
shapes characteristic of high, long waves in shallow water (see Fig. 10).
In the analysis of the pen and ink record in Figure 10, individual wave
heights were measured as the difference between crest and preceding
trough elevations. The wave height estimate from the corresponding
digital record is based on the total potential energy in the record.
For a record with sharp crests and flat troughs, the energy in each
wave is considerably less than that in a sinusoidal wave of the same
height (Fig. 11). The pen and ink height estimate is over 2 feet
higher than the digital estimate for the record shown in Figure 10.

Pen and ink height estimates are based on 7-minute records; digital
estimates are based on records nearly 2.5 times as long. Since high
waves sometimes occur in groups (Rye, 1974), height estimates from the
shorter 7-minute records can be unrepresertatively high or low due to
poor statistical sampling.

Although height estimates derived from pen and ink records of high,
long waves in shallow water tend to be excessive, the reverse would be
true for purely sinusoidal waves of uniform height. Ideally, this pen
and ink height estimate would be the height of the waves. The digital
estimate would be four times the standard deviation or 1.414 times the
individual wave height. Thus, the pen and ink estimate would be 30
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Locat 1
Che Sdapeance pay
Bridee Tunnel,
Nags Head, N.C. o4y
Wrightsville
Beach; N.C. 764 |
Holden, N.C. 698 ‘
Savannah Light, Ga. 199 1,94 199 N ;
Daytona Beach, Fla.- 714 . O 705
Naples, Fla. 297 0.94 203
| |
Destin, Fla. | 624 | 0.96 544 ! 0.79

1pigital and pen and ink records were taken within 30
minutes of each other.

Zpigital estimates were not compensated for hydrodynamic
attenuation due to submergence of the gage (7 feet
below MSL).
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percent less than the digital estimate for a purely sinusoidal wave.

[n practice, when wave conditions indicate relatively uniform heights
and approximately sinusoidal waveforms, the digital height estimate may
be higher than the pen and ink estimate (Fig. 12).

When wave conditions are nearly calm, the recorded wave heights fall
within a very small height range. The waves have a nearly uniform height
and their shape is often more nearly sinusoidal than the shape of high
waves in shallow water (Fig. 10). Therefore, for very low wave condi-
tions, the pen and ink height estimate tends to be lower than the digi-
tal estimate (see Tables 2 and 4).

Both the digital and the pen and ink record analysis methods have
peculiarities in dealing with records of low wave conditions. The digi-
tal analysis is designed to reject spectral calculations when the signi-
ficant height estimate is less than 0.4 foot. The convention for pen
and ink record analysis is to report 'calm +'" if waves are between 0.5
and 1 foot high, and for summarization to assign a significant height
estimate of 0.7 foot. If waves are less than 0.5 foot high, the pen
and ink analysis reports ''calm' which is counted as a significant height
estimate of 0. These peculiarities are generally unimportant except for
records from a few locations where calms are relatively common.

(2) Wave Period. Wave period estimates from digital and pen
and ink records taken at Savannah Light Tower, Georgia, are compared in
Table 5. The table gives the joint distribution of digital period
estimate versus pen and ink period estimate; the dashline indicates
the points at which digital and pen and ink estimates agree.

Most pefiod estimates are within 1 second of each other, which is
reasonable agreement considering the approximate method of determining
wave period from pen and ink records. In some records, the period
estimates differ considerably. The general agreement and the occasional

c

large differences between estimates in Table 5 are typical of the records
from seven other gage locations.

Correlations between individual period estimates for the full 8-month
data sample are lower than those for heights (Table 3). Except for the
gage in Chesapeake Bay, correlations range between 0.61 and 0.79. Com-
parable correlations were found by Harris (1970) for two 1-month data
samples from the Atlantic City gage.

In several records, the period estimates were quite different. A
pen and ink record where the period estimates differ by 10 seconds is
shown in Figure 13. Each period in the figure appears to be associated
with a different wave train. In this situation the trains have com-
parable wave heights, and a technician looking at the pen and ink record
usually reports the period of the shorter waves. The short length of
pen and ink records also limits a technician from identifying a long-
period pattern in the waves when both short-period energy and long-
period energy are present.
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Another pen and ink record (Fig. 14) shows a wave period estimate
of 6 seconds and a corresponding digital estimate of 4.5 seconds. Again,
the presence of several wave trains appears to be responsible for the
discrepancy.

Therefore, much of the scatter in Table 5 can be attributed to the
presence of multiple wave trains.

b. Means and Standard Deviations.

(1) Significant Height. Significant height estimates for the
full data sample from eight locations are summarized in Table 6. Except
for estimates from Chesapeake Bay Bridge-Tunnel, Virginia, and Naples,
Florida, mean digital and pen and ink estimates of significant height
agree within 10 percent. For four of the seven locations, the mean
estimates agree within 4 percent or about 0.1 foot.

Pen and ink height estimates are larger than digital estimates for
data from Nags Head and Wrightsville Beach, North Carolina (Table 6).
Except for Savannah Light, Georgia, in significantly deeper water, these
locations also have the highest mean wave conditions. Thus, the ten-
dency for higher pen and ink estimates is believed due to the nonlinear
wave shapes often exhibited by high waves in shallow water as discussed
earlier in Sectiom VI, 3,a.

Mean pen and ink height estimates from Chesapeake Bay Biidge-Tunnel
and Naples are lower than mean digital estimates (Table 6). The differ-
ences are related primarily to the frequent occurrence of relatively
calm wave conditions at both locations. For individual pen and ink
height estimates which are less than 1 foot, the estimate is usually
less than the digital estimate as discussed earlier in Section IV, 3,a.
The effect is seen on mean significant height at a location with fre-
quent very low wave conditions. Holden Beach, North Carolina, and
Destin, Florida, also have low mean heights, but seldom experience
calm conditions.

The engineer is often interested in monthly or seasonal wave condi-
tions at a location. Since the relationship between monthly mean digital
and pen and ink height estimates is more variable than mean estimates
based on a data sample of several months, the maximum observed difference
in monthly mean height estimates for each location is included in Table 6.
Most of the maximum differences are less than 20 percent.

Another uscful statistic of the distribution function is the stan-
dard deviation of significant heights. It is the most important param-
eter in a simple exponential model of the cumulative distribution
function (Thompson and Harris 1972; Harris 1972b; U.S. Army, Corps of
Engineers, Coastal Engineering Research Center, 1975, p. 4-35).

The standard deviation of digital significant height estimates and
the percentage difference between standard deviations of the digital
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and pen and ink height estimates for each location are included in Table
6. Standard deviations of the pen and ink estimates are between 9 and
33 percent greater in every estimate.

Standard deviations of pen and ink height estimates are high because
each estimate is based on only a few of the higher waves in a 7-minute
record; each digital estimate is based on a full 1,024-second record.
Thus, the pen and ink estimates would be expected to show more scatter,
and also the tendency for pen and ink estimates to be relatively high
for high waves in shallow water leads to larger standard deviations of
the estimates.

(2) Wave Period. Wave period estimates for all eight locations
are summarized in Table 7. At each location, the mean pen and ink esti-
mate is lower than the mean digital estimate; however, the differences
are small, about one-half a second or less.

Differences between observed monthly mean period estimates are
greater, although the pen and ink estimates are never more than 1 second
or 15 percent less than the digital estimates. This tendency for pen
and ink period estimates to be lower than digital estimates was discussed
previously.

The standard deviation of wave period estimates at each location
(Table 7) is between 6 and 40 percent smaller for pen and ink estimates
than for digital estimates.

¢. Distribution Functions. Since many engineering applications of
wave data require a distribution function giving the frequency of occur-
rence of height or period estimates in specified intervals, a comparison
of distribution functions from digital and pen and ink estimates is
warranted.

Distribution functions of significant height estimates for two loca-
tions are plotted in Figure 15. The figure shows that the pen and ink
analysis gives more height estimates in the highest intervals of the
distribution function, as expected from previous discussion of high
waves in shallow water (a characteristic which is particularly notice-
able for Wrightsville Beach in Fig. 15,b).

The pen and ink analysis also gives an excessive number of heights
in the lowest interval of the distribution function. This character-
1stic can be attributed to the instructions for the record analysis
which state that records with all waves lower than 1 foot be reported
as "calm +" or "calm'". Since this procedure is simpler than that for
records with waves higher than 1 foot, the analyzer tends to facilitate
the job by reporting marginal cases as '"calm +'".

The situation is reversed for wave period estimates. Digital period
estimates are more common than pen and ink estimates at both the high
and low ends of the distribution function (Fig. 16). Discontinuities
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in the distribution functions for digital estimates are due to the low
resolution of the digital analysis for long wave periods (see Section V).

The tendency of pen and ink period estimates to be shorter than
digital estimates was discussed earlier in this section (VI, 3,a). The
scarcity of pen and ink estimates at the other end of the distribution
function is partially due to the subjectivity of the analysis. Since
multiple wave trains are common, a technician analyzing pen and ink
records often has several alternative wave periods to report, and when
given a choice, usually favors wave periods close to the overall mean.

4. Summary of Comparisons between Simultancous Digital and Pen and Ink
Records.

Comparisons of digital and pen and ink records taken within 30
minutes of each other are summarized below.

(a) Individual significant wave height estimates agree
within *#10 percent one-half the time, but occasionally differ
by *40 percent or more.

(b) Individual wave period estimates generally agree
within *1 second, but can differ by 10 seconds if several
wave trains are present.

(c) Mean significant height estimates generally agree
within 10 percent or less; standard deviations of height
estimates based on pen and ink data are about 20 percent
greater than those based on digital data.

(d) Mean wave period estimates from pen and ink data
are about 10 percent less than period estimates from digital
data; standard deviations are about 20 percent smaller than
those based on digital data.

(e) Pen and ink estimates generally give more heights
at the upper and lower extremes than digital estimates.

(f) Pen and ink estimates generally give fewer periods
at the upper and lower extremes than digital estimates.

VII. COMPARISON OF WAVE CLIMATE FROM DIGITAL AND PEN AND INK RECORDS

Although digital and pen and ink wave records taken within 30 minutes
of each other during an 8-month period generally give comparable esti- 1
mates of significant wave height and period, it is also important to
compare wave climate determined from a large sample of both types of
data. If these data indicate basically the same wave climate at loca-
tions where both types are available, both digital and pen and ink
estimates can be used with confidence in determining wave climate at
other locations.

Il




Thompson and Harris (1972) showed that the cumulative distribution
function of significant wave height for a full year of data is generally
characteristic of a location for the lower 99 percent of the significant
waves. This is supported by the more recent and complete years of data
included in Appendix A, Large wave heights can vary from year to year;
however, except for extremes, a year of data will provide a good sampling
of local meteorological conditions and the waves they generate., Thompson
and Harris also indicated that the annual distribution function of signi-
ficant height is independent of the time of day when the data were col-
lected. « Thus, to check the climatological validity of significant height

estimates, annual summaries are desirable,

\nnual means and standard deviations of significant height estimates
ire plotted in Figure 17 for most reasonably complete years of data
included in Appendix A. Most differences between annual mean signifi-
cant height estimates for the same data type from different years are
as great as differences between annual means for different data types.
Except for Huntington Beach, California, estimates of annual mean sig-
nificant height are within about 30 percent or 1 foot of each other, and
differences at most locations can be attributed to annual variability in
wave conditions. The pen and ink estimates for Huntington Beach differ
substantially from the digital estimates due to the old design of the
gage at Huntington Beach before July 1969 and to the difficulty of
maintaining a gage located so far from BEB-CERC.

Most annual standard deviations of significant height estimates from
digital and pen and ink data compare favorably (Fig. 17).

\nnual means and standard deviations of significant period estimates
are plotted in Figure 18. Annual mean pen and ink period estimates are
slightly lower than the digital estimates, although both estimates are
generally within 15 percent or 1 second of each other. Standard devia-
tions of period estimates are also comparable, generally differing by
Iess than 30 percent.

\nnual distribution functions of significant height estimates can
conveniently be compared when plotted in a semilog format (Thompson
and Harris, 1972: Harris, 1972b). BEB-CERC data for seven different
locations are sufficient to permit such comparisons between digital and
pen and ink estimates. The comparisons are best illustrated in Appendix
A which summarizes data from Atlantic City, New Jersey, Virginia Beach,
Virginia, Nags Head, North Carolina, Naples, Florida, and Huntington
Beach, California. Data in the appendix for each of these locations
show that, for the more recent and complete years of data, the annual
variability in the distribution function of significant height estimates
from one data type is as great as the variations between distribution
functions from different data types. For Huntington Beach, the distri-
bution functions from digital data are higher than distribution functions
from pen and ink data for reasons noted earlier in this section.
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Annual probability density functions of wave period estimates indi-
cate reasonable consistency between digital and pen and ink estimates.

The comparison is shown by simple bar graphs in Appendix A for the above
five gage locations and for Daytona Beach and Lake Worth, Florida. The
peak density for all seven locations occurs in the same or an adjacent
period interval for both digital and pen and ink estimates.
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APPENDIX A

XPLANATION OF SUMMARIES OF SIGNIFICANT HEIGHT AND PERIOD

1. General Format of Summaries.

Significant heights and periods are summarized in Appendixes A-1
(U.S. Atlantic coast gages), A-2 (gulf coast gages), and A-3 (Pacific
coast gages). Each appendix includes a map showing gage locations. The
data summaries are ordered according to gage location, from north to
south for the oceanic coasts and from east to west for the gulf coast.

The following data are included in the summaries for each location:
(a) Gage history;
(b) number of records analyzed for each month and year;

(¢) plot of monthly maxima, means, and standard devia-
tions of significant height;

(d) plot of monthly means and standard deviations of
significant period;

(e) plot of annual significant height distribution
functions;

(f) plot of annual significant period distribution

functions;

(g) plot of seasonal significant height distribution
functions; and

(h) seasonal and total joint distribution functions
of significant height versus period.

2. Explanation of Summary Formats

a. Gage Histories. A tabular history of the wave gage or gages
which acquired the data is included in the summaries. The history
includes pertinent physical information about the gage, the gage
supporting structure, and dates for wave records obtained with no
continuous interruptions longer than 1 month. Some of the interrup-
tions are documented and explained, but many short interruptions in
the recording sequence are not mentioned.

b Number of Analyzed Records. The number of analyzed wave records

available for each month and year is presented in each appendix. Since
pen and ink records taken before 1971 were made at 4-hour intervals, the
naximum number of pen and ink record analyses in a 30-day month was 180;
he maximum number of analyses in a 365-day year was 2,190. Recent
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digital records have been analyzed at 6-hour intervals; therefore, the
maximum number of digital analyses in a 30-day month is 120, and in a
365-day year is 1,460.

c. Monthly Maxima, Means, and Standard Deviations of Significant
Height. Plots of monthly significant height statistics are included as
figures in each appendix. Monthly means, identified by year and data
type, are plotted for the recent and reliable data from each location.
The range of monthly standard deviations obtained for each month of the
year is also shown. Means and standard deviations are included only for
months with 100 or more analyzed pen and ink records or 60 or more
digital records.

The maximum significant height obtained for each month of the year
1s also shown in the plots. In several cases two maxima are plotted for
each month, one maximum for digital analyses and one maximum for pen and
ink record analyses.

Annual means and standard deviations of significant height are
plotted at the right-hand edge of the figures for the more reliable and
complete years of data. A complete plot of annual height statistics is
given in Figure 17 of the text.

The data for Palm Beach and Port Hueneme were obtained by an old
method of pen and ink record analysis and have been compensated to com-
pare with data obtained by recent analysis methods (the compensation
procedure is discussed later in this section).

d. Monthly Means and Standard Deviations of Significant Period.
Each appendix contains figures of monthly significant period statistics.
Monthly mean significant periods and the range of monthly standard
deviations are plotted for the same months and in the same format as
the significant height statistics. Annual significant period statistics
are also included for the more reliable and complete years of data. A
complete plot of annual period statistics is given in Figure 18 of the
text.

e. Annual Significant Height Distribution Functions. Semilog plots
of annual cumulative distribution functions of significant wave height
are included as figures in the appendixes. At locations where more than
4 years of data are available, the distribution functions are plotted in
clusters of from one to four curves, with the origin for each successive
cluster spaced 5 scale meters above the previous origin. A distribution
function corresponding to a relatively complete year of data is repre-
sented by a dashline common to all clusters. Distribution functions
derived from both digital and pen and ink data are included in the plots.

In most years with less than 1,600 analyzed pen and ink records at
6 per day or less than 700 analyzed digital records at 4 per day, annual
significant height distribution functions have been omitted. These cut-
offs, discounting years of pen and ink results less than 73 percent
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complete and years of digital results less than 48 percent complete,
were chosen arbitrarily after examination of the data. A lenient cut-
off for digital analyses seems justified since a digital estimate of
significant height is more reliable than a pen and ink estimate, and
gaps in the digital analyses are often unrelated to wave conditions.

The number of analyzed records in each year is listed within the
boundaries of the plot. The plot for Pt. Conception, California, has
been omitted because insufficient analyses were available to provide a
meaningtul annual distribution function of significant wave heights.

Some of the data for Atlantic City, Palm Beach, Naples, Port Hueneme,
and Huntington Beach were obtained by an old method of pen and ink record
analysis, and compensated to compare with data obtained by recent
analysis methods (the compensation procedure is discussed later in
this section).

f. Annual Significant Period Distribution Functions. Bar graphs of
annual distribution functions of significant wave period obtained by the
most reliable analysis method, preferably digital analysis, are presented
in each appendix. Many of the graphs indicate the range of percentages
in each interval obtained by an older, less reliable analysis method.

The median period for Atlantic coast gages is generally 8 to 9
seconds, although the number of wave periods occurring in the 8- to
9-second interval is exaggerated by the digital analysis (see Section V).
For gulf coast gages, the median period ranges between 2 and 6 seconds;
for Pacific coast gages, the median period is generally 14 to 15 seconds.

The figure for Pt. Conception has been cmitted because of insuffi-
cient data.

g. Seasonal Significant Height Distribution Functions. Figures
showing seasonal cumulative distribution functions of significant
height for several individual months combined are included in each
appendix. The distribution functions represent only data from months
with 100 or more analyzed pen and ink records or 60 or more digital
records, except in several months where insufficient data were available.
The distribution functions also represent analyses from one homogeneous
data source: Digital data, pen and ink data analyzed by the CERC method,
or, for Palm Beach and Port Hueneme, pen and ink data analyzed by old
BEB methods and suitably compensated by regression equations (the com-
pensation procedure is discussed later in this section).

h. Joint Distribution Functions of Significant Height versus Period.

lables in most of the appendixes contain 13 tabular joint distribution
functions of significant height and period. Results are summarized by

months with 60 or more digital records or 100 or more pen and ink records.
Each table summarizes monthly results from 1 to 4 years derived from a
homogeneous data source: Digital data, pen and ink data analyzed by the

CERC method, or, for Palm Beach and Port Hueneme, pen and ink data
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analyzed by old BEB methods, with heights suitably compensated by regres-
sion equations (discussed later). The monthly tables of joint distribu-
tion functions are followed by a single table summarizing all monthly
data.

For locations with sizable quantities of both digital and pen and
ink data, results are summarized from the more abundant source as dis-
cussed above. Results from the less abundant source are summarized in
an additional table for use in evaluating extreme conditions.

Each table indicates the months and years and the total number of
observations represented. The main body of the table gives the number
ot observations for which the significant height and period were within
the specified intervals. All numbers in the interior of the table have
been normalized to give the number of observations per 1,000 observations.
These numbers can be converted to percent by dividing by 10.

Marginal totals are also included. The row labeled "Total' gives
the total number of observations out of 1,000 which fell within each
specified significant height interval. The column total gives the
number of observations out of 1,000 which fell within each specified
period interval. Observations in the lowest period interval usually
represent calm conditions, but were not considered in normalizing the
column totals. The cumulative totals in the tables are totals of the
entries in the "Total" row and column.

Each entry in the "Row Average" column gives the average significant
height for all observations within a specified period interval. Entries
under "Column Average" are the average significant period for all obser-
vations within a specified height interval. The row and column averages
are useful for investigating the relationship between significant height
and period. For most ocean coastal locations the largest significant
heights are usually associated with intermediate periods. However, the
tables show no consistent simple relationship between significant height
and period. A tendency for significant period to increase with increas-
ing significant height is apparent for gulf coast and Chesapeake Bay

locations.

A\t the bottom of each table is a list of the average, variance, and
standard deviation of both significant heights and significant periods.
The type of data and gage used to obtain the data summarized in the
table along with other remarks are footnoted.

i. Compensation for Different Pen and Ink Analysis Methods. Results
obtained by the older, less reliable methods of pen and ink record
analysis discussed in Section IV are included for several locations.
These results are grouped into relatively homogeneous blocks according
to the method of analysis and the person performing the analysis.

For Atlantic City, Palm Beach, and Huntington Beach, a 1- to 2-month
sample of pen and ink records from each block was reanalyzed with the
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CERC method. For each sample, a linear regression equation was computed
for significant height estimates obtained by the two methods and for
significant period estimates. Where necessary, the appropriate regres-
sion equation was applied to significant wave height statistics obtained
by the old methods of analysis. Regression equations from the above
locations were applied to data from Virginia Beach, Naples, and Port
Hueneme to compensate old significant wave height statistics.

2 Significant wave period statistics obtained by the old methods of

pen and ink record analysis are included for Palm Beach and Port Hueneme,
but have not been compensated.

Details of the compensation for each location are included in a
table.

j. Time History of Significant Height and Period. Figures for an
east coast location (Atlantic City) and a west coast location (Huntington
Beach), are included in the appendixes to give perspective on the time
history of significant height and period during 4 months of high wave
activity.

k. Monthly Significant Height Distribution Functions. Each curve
in the plots of seasonal significant height distribution functions repre-
sents an average of from 1 to 4 months. A number of plotted monthly
significant height distribution functions are included in the appendixes
for Atlantic City and Huntington Beach. The monthly distribution func-
tions are plotted in the standard format and show trends toward high or
low wave conditions in some months, but also show considerable varia-
bility for different years. The plots do not include the number of
analyzed records for each month; however, the number can be determined
from the tables listing the number of analyzed records for each month

o

and year.
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APPENDIX A-1

SIGNIFICANT WAVE HEIGHT AND PERIOD SUMMARIES, U.S. ATLANTIC COAST
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lable A-2. Number of analyzed pen and ink records from Buzzards Bay,
Massachusetts. ! i e e =e o R o N |
Ma
JAN FEB MAR APR MAY JUN JUL AUG SEP BCT NGV DEC | TOT
YR
1963 84 101 85 124 161 118 673
1964 |SO0 167 123 162 176 122 158 150 145 166 66 181 | 1666
1965|183 144 182 104 33 78 86 30 84 147 179 | 1256
lprom 7-minute records taken six times daily; analyzed by the second

BEB method for 1963 and by the CERC method

67
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¢ CALMS ARE OM]TTeO,
311 Opsitvalliung BURRARY FOR #i8 0w FED %
PERIOD MEIGHT (r7)
(secs)
Um, WCw
Qe 1=2 2%} et ey L LY b7 Ted B89 9v10 i0el] 1le|d JAei) TOT.* TOT,0 ave,
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| COLy AVG, 70500 6,26 7455 7,45 8,5 8,83 g,
AVERAGE S1G, HEIGHY & 2,26 FT AVERAGE whAvE PEXICOD » 7, St(e
VARIANCE OF 811G, HEIGHT » «92 T B0 VARJANCE UF wavhk PERIQD = 2,57 BEC S5Ge
. STANDARD DEVIATIUN OF HWEIGHT & W96 BT STANDARD OEVIATION UF PERJOD & |,60 SLCe
! RESULTS UBTAINED PRUM TemINUTE PEN AND INX RECURDS TAKEN W]TH A PHREISURE
I WAVE GAGE LUCATED AT CUASY GUAKD LJGuY
[ & CALMS ARE OMITTED,
150 OWSERVATIONS SUMMAKRY FOR alUG o4
PERIQD HEJGHT (FY)
(SECS)
cum, ROw
Qel 12 FLE} ey TOT,® YOT & AVL,®
W0 @ 1,9 4“7 1000 400
2,0 = 2,4 1000 ,00
2,5 = 2,9 1000 00
3,0 o 3,4 1000 L00
3,5 « 3,9 20 27 13 63 1000 1,39
: G0 » 4,9 “7 ‘o 7 QR Q37 2,07
: 540 = 5,9 20 120 33 182 839 1,586
6,0 = 6,9 33 113 u? e0s 657 1.%7
740 = 7,9 20 60 87 7 182 €SS 1,98
8,0 « 8,9 20 27 L1 18] 126 273 2400
9,0 « 9,9 20 7 7 7 W2 JuY 1,450
1040 10,9 13 “7 63 105 1,28
1140 =11,9 20 7 26 62 475
) 12,0 12,9 7 7 14 14 1,00
* T0TAL 220 “b0 287 33 IR
1 CuM, TOTAL 1000 780 30 53
COL, AVG, 7:487% 6,73 6,77 71,70 6,98
L AVERAGE SIG, WLIGHT & j.6) ¢7T AVERAGE wAvVE PEWKIUD & ¢,98 StCs
9 VARIANCE OF S1G, HEIGHT & 02 F1 58 VARJANCE UF wavt PERIOD = 4,090 SEC 5Qe
o STANDARD DEvIATION OF REIGHY & o799 ET STANDAKD VQEVIATION OF PERIOD ® 2,02 SECe
-

N

L ————— . W
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0 DEIMLRULL LUr

1% "aSEA aTIl S S_“wadY gOE €3 .
LI wEIGmy (F7;
- srcs
Cum, Lo
0=t 1e2 FERY Yeu =S Se3 o=? Ted Be9 010 10ei! 11ei2 §2=13 13 & TCT.® TCY,0 AVGeo
W00« 1,9 1000 400
8,0 « 2,4 1600 490
2,8 « 2.9 1000 ,L00
3,0 « Y4 1000 ,00
3,8 « 3,09 61 1090 2,00
6,0 « 4,0 16 959 3,57
$.0 = %,9 2 83 9us 3,33 ]
8,0 « 4,9 T 147 882 ¢,97 |
T.0 = 7,9 02 7uS 2.8! |
8,0 « A9 7 9¢ o83 ¢,73
9,4 =« 9,0 2: 105 §93 ¢.9°
10,8 =11,9 v 1 97 W§C 3,79 {
11,0 11,9 ‘ 7 136 393 «,.2 |
12,0 «12,9 - 1o ¥ 110 255 S.0¢
13,0 13,9 7 1 o2 108 §,8% |
14,0 «14,9 14 v 16 e 16 a3 Ay 7,87
TATaL 21 ta 2 22 1 ’ ? 3,90
Cum, Tor, (51e Qy T8 <5 28 1 14 ?
CoL. 4va, Se?< 1807 490 13¢50 13450 16,50 13,50 022 1250 9.%2
AVERWGE 8§71~ ~ 93,5 wavE PERTO0 w9, me SECH
VARIANCE Op 87 SI3v%k CF savE PERICO 3 9,11 SEC Sue
STANDARY Aevia £ 7330 SEvIATION OF PERIOC s 3,22 SECe
RESULTS CRralNEn FAT E2I528 TACEN w]TH 4 PRESSUNAE
“AvE faGE L0 ar 1G-~ ]
®  CaL™Y aoE DPTTED
{
4
166 OpSERVATIUNY SUMMAKY POR OCY ¢
PELAL0D rEIGRT (FT) 1
(8ECS)
CUM, ®Onw
Qe 1o FOD) Jeu L1} o0 be7  TQOT 4% TOT,® AVG.® 1
0 = 1,9 ie 1000 400
2,0 @ 2,4 1000 400
245 @ 2,9 1000 400
3,0 = 3,4 2u 1¢ 37 1000 1,83 .
3,5 % 3,9 6 72 .30 12 3 [y 63 4,07
4,0 = 4,9 48 ey 36 110 835 2,39
540 ® 5,9 18 ue ue 18 1e [} 140 726 €450
6,0 = 6,9 42 Se 6 14 122 385 2,65
7,0 = 7,9 ] 24 18 12 6 67 uby 2,44l
8,0 « 8,9 30 e 84 12 18 1e¢ 201 396 2,41
9,0 @« 9,9 ) ® 66 ) 1e 9 195 2.6¢
10,0 »30,9 [} 24 6 3o 67 98 G,ul
11,0 31,9 [} 6 30 6,50
12,0 =12,9 L [} 24 5,50
13,0 =13,9 [} ® 18 2,50
14,0 =14,9 6 (] 1e 12 2,00
TOYAL 78 Jor 349 127 3 90 12 245t 3
CuM, TOTAL 1000 V22 ol 2es 139 102 12
COL, AYG, Ted5® 5,72 Te3Z 6,71 9,17 8,25 8,50 6.93
AVERAGE 815, HEIGWT & 2,55 7 AVERAGE WAVE PENKIUD ® ¢,91 BEC®
VARIANCE Or 8[G, Htlow! « 189 #Y S§Q VARIANCE OF maVvE PERIOD ® 6,04 SEC 300
BTANDAKD DEVIATION OF WEIGHT ® | ,38 FT STANDAKD ODEVIATION OF PLRIOD ® 2,4t BECe
4




1«7 ORSERYATIONS JUMMAKY FOR KUV b)Y
PERIOD HEIGWT (FT) ,
($ECS)

Cum, ROn
[ le2 rLr) el TOT4® 10T, Avi,s

- 0 W 1,9 5S4 1000 00
3 2,0 & 2,4 1000 400 1

2,5 « 2,9 1000 00 E
§,0 « 3,4 1000 00

3,5 « 3,9 21 e9 1000 450

WD = 4,9 S 27 65 971 v 3
S0 ® 5,9 27 109 ] 158 906 1,4}

0,0 = 6,9 S5« i1e e 1 247 T4l 1,58

7.0 = 7,9 34 ua us 27 §65 511 1493

8,0 = 8,9 ‘b ["SY 3¢ 14 14 3US 3,00

9,0 = 9,9 LL] 61! 115 €01 1406

10,0 »10,9 Lu 20 7 “) 86 1,33

11,0 11,9 20 14 3o ey V0

12,0 @12,9 7 7 T W50
10TaL 3o? URE} 150 L) 1,38
CumM, T0TAL 1000 ey 197 ub
COL, AVG, T.40¢ 7,19 y,l6 7,64 7,33
AVERAGE S1G, MEIGHT & | 38 »T AVEHAGE wave PERKIUD & 7,3y siCe
VARIANCE 0F SJG, HLIGHY = W09 BT 8G VARJANCL UP mwAVE PEXIOD @ 3,58 3EC 80
STANDARD DEVIATIUN OF HEIGHY ® 83 FT STANDARD UEVIATION UF PELRIOp ® 1,89 BECe

REBULTS OBTAINED FKOM 7mMINUTE PEN AND INK RRCOURDS TAKEN WITH A PHESBURE
WAVE GAGE LUCATRD AT  CUABY GUARD LILKWT

® CALMS ARE OMITTLD,
360 OBSERYATIUNS SuMmakY FON DEC 04 DECL €5 »3
PeR]OD REIGRTY (FT)
(SECS) E
Cum, KOm
0wy 12 FLE) Jek ‘s Seo o=7 Teb TCTe® T07,% AVOL,r 4
W0 v 1,9 \? 1000 400
2,0 = 2,4 1000 4,00
2,5 e 2,9 1000 4,00 g
3,0 ¢ 3,4 b} 3 1000 ,50 i
3,5 « 3,9 19 28 3 St Q97 1,17 i
Ge0 @ 4,9 22 S0 8 17 3 6 110 e 2,08 /|
Se0 » 5,9 17 103 iy 22 3 & 8 ) L 636 2,38
6,0 o 6,9 17 86 3 3o . . 3 186 64T 2,27
7.0 @ 7,9 8 33 1 28 3 1 107 W0 2,87
8,0 « 8,9 §7 89 25 28 L b 3 158 353 2,30 3
9,0 ® 9,9 25 50 8 (] 3 9o 195 1,479 3
10,0 10,9 11 22 3 3 o 99 1,79
11,0 13,9 [ 11 0 89 1,17
12,0 12,9 6 16 20 G2 1@t
13,0 «13,9 L] 3 & 2y .83
16,0 w149 11 1 16 1,50
15,0 «15,9 3} W00 3
16,0 »16,9 3 3 3 1.50
TOTAL 17¢ ‘B 300 138 3 “y 1e 8 2412
CuM, TOTAL 1000 628 Jee 2wl 106 69 22 [] i
COLy AVG, 7056% T34 6,70 65,88 T,88 6474 7,10 5,83 7,19 ﬂ
AVERAGE §1G, WEIG™T & 2,1¢ #7 AVERAGE «kvt PEWILD ® 7,10 SECS i
VARIANCE OF S16, =tlGnT & 2417 FT SQ VARJANCE UF =ave WERICD = S.36 StC 80Ce {
STANCARD DevIATION OF mEIGHT & | o7 FT STANDARD UbvIATYON OF PERIOD w 2,3} SECe
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ANEEAGE eavE FE 7.30 SECe
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Fable A-5. Number of analyzed records from Atlantic City, New Jersey.*

Mo
YR
1957 14 150 141 169|474

JAN FEB HMAR APR MAY JUN JUL AUG SEP OCT NOV DEC | 74T

1958 (1St 154 70 180 186 180 186 186 178 175 179 131} 19587

1969 {114 112 186 164 162 161 163 120 177 173 167 136 | 1816

1960 {172 93 153 138 168 148 148 143 123 162 153 136} 1737

1961 {35 101 118 79 136 111 168 132 122 182 1S3 171 | 1510

1962 |186 167 16 2 123 (68 176 173 1016

1963|178 t60 162 175 165 172 186 178 111 180 179 180 | 2028

1964 |186 159 185 1S9 83 178 186 185 168 188 173 1862042

1966 {186 162 186 178 160 66 129 141 106 166 164 181 | 1813

1966 168 141 185 169 161 178 142 154 178 183 | 16589

1967 | 186 (47 183 177 162 172 182 175 163 (81 178 178 |2083

1968 g 1

1869 (109 106 109 t16 91 71 121 121 110 92 1044

IResults before November 1968 obtained from 7-minute pen and ink records
taken six times daily; analyzed by the second BEB for 1957 to March 1964
and by the CERC method for April 1964 to 1967. Results after November

1968 obtained from 1,024-second digital records taken four times daily.
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HEIGHT SCALE IN METERS

f—

_é’ { s i _T( - F 8 ETT 01 JTI!TT,H ‘l | R N
1 QEpr-08s : h iy
| 1959-181§ S e
rJSSB-lSS? ~ 410

| 1964-2042
| 1963-2026
1961 -1727
C1960-1737

b — o - e e e e e e e e e e e e —————

r1869—1163+

1967-2083 =
1966-1659
T1965-1813 (967

0-2

{3

1959 * ~
¥ 1967—~7

MAR6l- FEB 62 *

—t
(=]

HEIGHT SCALE IN FEET

1967

o

1965

=1
fe i
T I 8

Q,

i 1 llllllll 1

s G0 A R

PERCENT GREATER THAN INDICATED

Unmarked =

9.

computed from 1,024-second digital wave records taken
four times daily.

determined by an old analysis method from 7-minute pen
and ink records taken six times daily and compensated
to compare with results from recent analysis methods
(see Tables A-7 and A-8).

determined from 7-minute pen and ink records taken six
times daily.

\nnual cumulative significant height distributions from
Atlantic City, New Jersey.
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IN METERS

HEIGHT SCALE

| T |7[Vll| ] s & lllrﬂ[ T T lllerI T e e & R R
L MON-0BS
4 | SEP-436 SEP
| BCT-689
NBV-697
2 I~ pEC-729
D ________________________
4 L nAY-473
| JUN-528
JUL-639
2 - qug-501
-
O _______________________
4 L JAN-539
FEB-450
MAR-554
MAR

2 E APR-683 1967

‘0-2 =1 1
Lol llllLllll Ll Lty

PERCENT GREHTER THQN INDICRTED

distributions from Atlantic City, New Jersey;
determined from 7-minute pen and ink records
taken six times daily.
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HEIGHT SCALE IN FEET

Fioure A-11. Seasonal summaries of cumulative significant height
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Fable A-¢ Wave limate for Atlant Cit v (
Pistribution of ) f t heioht [
wservation )y hservat
330 OBBEAVATIONS BUNRARY POR JAN &3 JAN &4 Jaw oY
£ PER10D KEIONY (PT)
(sece)
Cu=, Rne
el 1e2 2e) Jea s Ses bet Teb Ge® 900 10wi] 1lel2 12e13 13 ¢ TOT,® TOY.¢ 4vi,e
+0 @ . 1000 400
2,0 « 1000 00
2.5 - ? 2 1060 1,30
3.0 b (R} 14 22 oop 1,28
1.8 . . . . 15 e (.82
1 4.0 - ? 1. 2 4 ? S0 8y 2,28
k $.0 = . Iy 11 1. 14 T 75 %10 2,0
8,0 « v 22 . 20 22 . 2 A2 838 3,00
] 7,0 o . 1Y 24 1 . v . 11 . 13 4 5,20
8.0 o 1" . 20 3 . . . 2 2 10a 825 2.5¢
0,0 o 13 . 1e . 7 . . . . [} 2 138 521 2,088
10,0 « 1y 2 28 1" . v . . 2 . 2 [ A LT 2 T8 1)
11.0 18 b3 L4 . v . 1] A 33 0 7% 1]
12,0 « . LT Y F .y 162 1.%3
13,0 o 33 . F e 75 1.9
16,0 » . v . 2 1. 10 1,60
1018 128 410 173 102 Te 3 13 28 . " 1 r ' toey
Cu=, TovalL 1000 82 62 28 187 (38} A3 s 2 22 1" . . 2
COL, ave, 9,30% 9,00 8,73 7,88 7,99 A.30 8,50 8,77 10,10 8,83 10,25 .00 6.0 18,30 8,%
AVERAGE SIG, MEIGHT & p 43 FY AVENALE wavE PENIOD W
YARIANCE OF $1C, ~CLIGHT & a,33 FT 80 VARIANCE CF mavE PERION & 7,65 BEC 808
STANDLRD OEVIATION OF wEJCnT & 2,08 FY BTANDARD DEvIATION OF PrRiDD & 2,7 BECE
REBULYS OBTAINED FROM JemIAUTE PEN AND INK mECOROB TANEN wITW 4 BTEP REQIBTANCE RELaY
“AYE CACE LOCATED AT BTEEL PIER
® CALMS 4RE OWITTED,
45N OBSERVATIONS JUMMARY FOR FER 65 FEB 66 FER &7
PERIND HEIGKY (FY)
(SECS)
cum,
Ol 1»2 Pe} Jeu Ues Seb be? Tebd BaQ Qei0 {0e]] TOT,® I0T,s
W0 @ 1,9 2 1000
2,0 » 2,4 1000
2.5 « 2,9 2 2 tof2 LS80
3,0 » 3,4 13 33 99R |87
3,5 = 3,9 16 g ¢ 964 | ,80
Gy0 = 4,9 18 20 7 65 QU2 2,02
5,0 « 5,90 U 27 2u 22 7 “ X RTR 2,KS
6,0 = 6,9 9 22 38 16 13 v 1 11 TR8 3,00
7,0 o 7,9 13 20 22 20 81 7 2 ¢ 108 677 3,12
B,0 » A,9 7 u9 13 20 1 2 2 9 2 138 $72 2,89
9,0 « 9,9 11 58 36 13 ? y“ 2 2 ‘¢ 2 14¢ U3Y 2,868
10,0 «10,9 Q 14 20 7 " 2 4 " 9 1 2 109 296 3,74
110 =11,9 9 ' 16 u 2 4 “ 2 G 9y 192 2,79
12,0 »12,9 P 4 4 2 2 S6 100 2,42
13,0 13,9 0/ oy T 2 22 “s 1,80
16,0 @14,9 14 1 22 22 1,00
& TOTAL 84 wp2 &2Y 113 60 31 11 31 20 16 “ 2,712
4 CuM, ToTAL 1000 916  S13 287 173 1§ 82 7 uo 20 u
E, COL, AVG, 9,708 A,u7 A, 02 7,74 A,06 A 14 9,30 AT 0,83 10,93 (1,50 @,uu
E AVERAGE 811G, HEIGMT ®= 2 72 FY AVERAGE wAVE PERIOD w A uu StCe
P VARIANCE OF 81G, WEIGHT ® 4,085 FT 8G VARIANCE OF wWaVE PERIOD = 7.51 SEC SO
STANDARD DEVIATION OF HEIGHT & 2,01 FT STANDARD DEVIATION OF PERIOD = 2,74 SECS
87
2
4

A ——— —— ¢ W e




5540 DASERVATIONS

PERLIND
(SECS)

W=D OB AP S E AN -

CO0LDLOLDOOOLOLOLEOE O

WAVE GaGt

PERIND
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EHWN—O 0D AT NE WA

EAMN—=O 0B 4F S E AN
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1

1440
1074
Climy TOTAL
COL, AVG,

AVERAGE 816, MEIGHT @
vARTANCE OF 816,
STANDARD DEVIATIUN OF WEIGHY ®

De}

s
%

1

e

4
1
™
7
9
11
7
87
1000

A 708 B,19

AVERAGE SIn, HEIGHT »
VARIANCE OF S1G,
STANDARD DEVIATION OF

LOCATED aY

8  CALM8 ARF OMITTED,

683 NASERVATIONS

HEIGKY (FT)
L3 =2 FI3) Jou ey Sep be? Tef 8e9 107,
! 1
3 s
“ 1 5 20
3 26 16 1 .1
1 16 25 18 80
3 13 uy 20 15 6 3 (01
37 3u 19 12 10 6 117
3 &7 us 25 18 6 6 3 170
12 ur 22 6 10 3 7 u 171
1 70 31 20 9 7 4 t t 1ub
¥ 29 13 10 ] 1 1 1 61
28 Ve b 1 1 1 50
9 13 1 1 1 1 28
1 ° u 1 3 )
| 3 5
272 39u 2R? 1us 61 du 2S 12 10
1000 qra 584 297 152 91 a4 ?e 10
Ae27% A 11 7,65 7,60 7,69 7,97 $03 9,29 A,64  y_gas
2,68 57 AVERAGE WAVE PERIOD w 7,88 SEC®
HEIGHT & 2,30 F1 8G RIANCE OF wAVE PERIOD »
151 F7 ANDARD DEVIAYION OF PRRIDD @

12 2%}
22 5
14 7
29 23
20 20
°e 25,
'R 52
67 31
67 34
A7 25
13 13

9 13
2
397 235
9%y 536
7,97
2.70 k7
HEIGHT = AR
HEIGHTY ®

SUMMARY FOR

HEIGHT (F

e Uns
2
9
fd 14
27 16
2s 1u
1R 13
13 i
7 5
7 2
2 2
129 78
103 179
Teby T.78
9 FT 80
a9 FT

STEEL PJIER

MAR 65 HAR 66 MAR &7

AR

ANNEEOE RS

51
1014
R,56

AVERAGE wAVE PERIOD &

onn

~

22
10
A7

VARIANCE OF

STANDARD OEVIATION OF PERIOD &

RESULTS DRTAINEN FROM JaMINUTE PEN AND INK RECORDS TAKEN wITw 4

SUMMARY FOR APR 64 APKR 65 APR 86 APR 67
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29 16 2 2
w9 20 u 2

9,62 9,9U 11,50 12,50 8,1

8,17 SECH
WAVE PERIOD = $,48 SEC SOe
2434 SECE

.
9
]
1
]
]
b
8 582
S “ou
S 2u9
6 9
& 36
4 é
7

STEP RFSISTANCE RELAY

s, 78 3EC 30

2,00 SECe




4Ty ORSERVATIONS BUMMARY FOR MAY 65 MAY b6 MaY b7
b PeRICD REIGKHY (FY)
i t8ECS)
cum, BN
De) o2 2%} You Yt Seb be! Teh 8e9 Qei0 YOT,® 107,88 AV,
3 W0 e 1,9 q {o0n .00
2,0 » 2,8 2 2 1000 §,50
2,5 » 2,9 99k ,00
1 3,0 » 3,0 4 “ A 99k «00
3,5 = 3,9 21 17 2 ag 9A9 2,03
4,0 ~» 4,9 27 L3 [ 2 LA Que 2,3!
S0 = 59 RO ue 27 13 y ) a%xa 2,4
6,0 = 4,9 up 55 A s 8 2 2 125 690 2,70
T40 o 7,9 89 70 2 6 2 2 19} 565 2,30
B,0 = A,9 LF] 5% 25 13 § 2 2 183 374 2,89
: 9,0 « 9,9 Al 27 27 5 4 4 ? 2 136 191 2,75
10,0 «10,9 2 21 6 4 6 2 w 55 2,70
1140 11,9 2 2 e b 13 2,83
12,0 «12,9 u 4 © 6 1,83
TOTAL 6 PR 3Y4 123 uq 10 R (3 2 2 2.4k
CUM, TOTAL 1000 994 556 222 99 51 21 13 y 2
COL, AVG, 10450% 7,28 4,78 7,52 7T,44 A8,00 B8,%0 9,00 6.50 9,50 7,21
AVERAGE 816G, HEIGHT & 2,46 §7 AVERAGE wWAVE PFRIOD w 7,21 SECs
VARIANCE OF SIG, HEIGHT & 187 F7 8Q VARIANCE OF WaAVE PERIOD = 3,68 SEC SGs
SYANDARD OFVIATION QF MEIGHY & {28 FY STANDARD DEVIATION OF pERIOD & | ,92 SEC®

REBULTS OBTATNED FROM TwMINUTE PEN AND INK RECORDY TAKEN WITW A STEP RESISTANCE RELAY
AAVE GAGF LOCATED AT STEEL PIER
4 CALMS ARF OMITTED,

528 ORSERVATIONS SUMMARY FOR JUN &4 JUN 66 JUN 63
PERIND HEIGNY (FT)
(8ECS)

CuM, ROw
0wl 1=2 23 Yal e Sup bel Tal 8eS TOT®* TOT,® AVG,*

0 = 1,9 j000 L00
2,0 w 2,4 1000 L00
2.5 = 2,9 ¢ 2 1000 1,50
3,0 = 3,4 A 2 9 998 1,70
3.5 = 3,9 2% u 28 989 {,.63
4,0 « 4,9 28 Gy 4 ¥ 14 960 2.23
S,0 » %,9 12 w2 21 u 98 BRY 2,ub
b, » 4,9 2 L2 61 [ 2 133 TR4 2,21
T & 1.9 4 Ay 100 17 2 8 21e 652 2,29
BR,0 = 2,9 8 112 93 u U “ 2S¢ 119 2,272
9,0 « 9,9 8 b6 30 13 ] 2 2 125 86 2,18
10,0 «10,9 13 L] 8 2 28 61 2,50
L 1140 =11,9 6 ] 2 2 1S 32 3,37
3 1240 =12,9 2 4 2 é 9 1Y 4,10
1 13,0 ©13%,9 2 4 2 8 8 4,00
2 TOTAL 21 Gy 186 106 27 13 & 4 4 2,29
CuM, toTAL 1000 979 545 159 3 CA 13 8 u
COL, AVG, 8,50% 7,047 7,23 7,91 8,43 A,64 9,50 11,00 16,50 7,52
AVERAGE 8IG, HEIGHY = 2,29 §FT AVERAGE WAVE PERIOD w 7,52 SECe
VARIANCE Or 816G, WEIGNT » 1,13 FT 80 VARJANCE OF WAVE PERIOD ® 3,60 SEC 80Qe
IYANUUIQ DFVIATION OF wWpIGHY a 1,06 77 STANDARD DEVIATION OF PERIOD ® 1,90 Sige
89

SR ST PR P SG -




539 ORSERVATIONS BUMMARY PFOR UL 64 JUL 6% JUL &6 JUL 67

PERIOD HEIGHT (FT) E
(SECS) 1
»
Cum, KDw 1
5 Del  1e2 293 Jed  Ues Seb  bel  TeB TOT,s TOT,s AVG,®
. W0 1,9 2 1000 400 ;
2,0 = 2,4 1000 400 :
gadlie 2g9 1000 400 |
3,0 ~ 3,4 3 6 1000 1,50 ;
Y5 = 309 L] 6 5 19 994 2,33 '
4,0 » 4,0 13 19 3 14 9714 2,23 I
S0 » 8,9 1e 23 A 5 ] 5% Uy 2,76
6,0 = 4,9 ur 56 2S £ 2 141 BAY 2,%%
7.0 = 7,9 fi6 1te 4 ) 5 3 284 Yue 2,37 j
A0 « A.Q 100 117 Ly A 3 5 2 276 4s2 2,47 {
9,0 = 9,9 uy 53 19 6 3 127 1Ry 2,49
10,0 =10,9 2 i3 11 8 e 2 s 60 2,50
11,0 =11,9 & 2 B 24 3,160
12,0 12,9 2 3 S 16 §,8%
13,0 »13,9 2 2 11 1,50
b 14,0 «14,9 2 3 2 3 9 9 Y.57
TOTAL ¢ 165 (38} 14u 4r 16 11 2 2,47
Cum, TOTAL 1000 997 632 219 75 2K 13 2
COL. AVG, 10,50% 7,72 7,81 7Y,81 B8,40 7,90 8,50 A,%0 7,82
AVERAGE 816, HEIGHT B 2 uY FTY AVERAGE WAVE PERIOD = 7,82 SECe
VARIANCF OF S1G, HEIGHY & 1406 FT SO VARIANCE OF wavVek PERIOD & 2,81 8KC §Gs
STANDARD DEVIATION OF WEIGHY = {,0) FT STANDARD DEVIATION OF PERIOD & 1,68 SECe

RESULTS ORTAINED FROM yJeMINUTE PEN AND INK RECORDY TAKEN WITHW A STEP RESISTANCE Rp_LAY
WAVE GAGE LOCATED AT STEEL PJER
& CALMS ARF OMITTED,

S01 OmMSERVATIONS SUMMARY FOR AUG 64 4AUG 65 AUG 67 ,
PERIND HEIGHY (FT) i
(SECS)
1
Cu», ROw
Oel fw2 203 Jeu Ues Swb 6e7  T0T,% TOT,s AVG,®
o0 1,9 1000 400
240 = 2,4 feno  L00
2eS W 249 1000 ,00
5.0 = 3,8 2 2 1000 2,50
3,5 = 3,9 ? s 12 20 998 2,00
U0 = 4,9 3 ud [} L 978 2,20
5,0 = 5,9 12 LT Y0 12 fun BR3P 2,h4
b0 @ 4,9 2 70 78 ?s 12 10 198 7182 2.53%
4 V0 = 159 aR 104 16 u 2 4 22K 855 2.2%
A,0 » A,Q 6 ue 60 22 2 138 329 2,25
- 9,0 = 9,9 [ uu 1e ] Q0 §92 1487
10,0 =10,9 1A 2¢ u u 2 S0 102 2,90
3 1140 »11,9 6 y (] 2 e 20 52 3,00
) 12,0 »12,9 2 2 2 2 8 32 3,00
3 19,0 «13,9 2 4 4 10 24 1,70
Y 14,0 14,9 6 4 2 2 14 14 §,50
TOTAL 2u LCL) “s 124 3e 16 2 2,34
Cum, T0TAL 1000 976 611 180 L) 18 e
COL, AVG, §0,10% 7,85 97,17 7,00 Y.30 7,78 7,50 7,43
k. 3 AVERAGE 8IG, HEIGHT & 2,34 7Y AVERAGE wAVvE PFRIQD @ 7,4% SECe
] VARTANCE OF 81G, HEIGHT a B9 kT 80 VARIANCE OF wAVE PERIOD e 6,35 SZC 30«
STANDARD NEVIATION OF KEIGHT ® 94 FY STANDARD DEVIATION OF PERIOD = 2,09 SfCe
90
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|
|
|
| J
E ' :
E
| a3s OBBEAVATIONS BUNNARY FON SEP be BEP &3 EXF 67
| rerioo HEIOMY (PY)
b ceece)
cu¥, RoOs
| LE3) 1=2 23 Jeou 4eS  Ses o7 Teb Se% 9010 10e11 11w12 12ei) 43 ¢ TOY,® TOT.® 4V,
1000
1000
1000
. v 1000
23 s 26 ee
11 11 1 L] & ey
| 28 18 2 1e 1 by 929
| 14 18 . i s 2 o7 Be0
| 37 21 23 2% . Y 2 2 2 131 1%
3 “ 30 16 1s 7 2 2 s s 131 ey
| S0 . 18 16 1 . e v s 151 %2
39 28 11 1s 18 s 2 2 19 p L3
21 18 ] L 7 s 1 s ? s T8 266
2 S % 2 | . s 2 2 . s S s 188
s 2 7 s A 2 s 11 . L4 2 s .2 153
s 5 7 . S 2 2 5 1 s L } so T
2 2 2 H . nit
2 s 2 2 "ooote, »
7 284 208 ° 134 a3 s 23 25 0 AL 18 1¢ 1" L
Cux, TOTAL 1000 993 709 %05 413 282 200 1%1 128 (03 73 AL 23 11
COL, VG, 9,850 A,08 8,05 8,30 8,85 10,53 10,98 11460 10,32 11,50 13,23 13,67 13,83 14,30 .32
AVERAGE 81G, MEIGHT & 4,13 FY AVERAGE WAVE PERIOO = 9,32 8ECe
YANTANCE OF B1G, NEIGWT « 8,80 #T 8 VARIANCE OF wavE PERTOD = 8,31 SEC 308
STANDARD OEVIATION OF WEIGWT & 2,07 FY BTANDARD DEVIAYION OF pERIOD & 2,92 BECE
REBULTS ORTAINED FNO™ JeINUTE PEN AND INK RECORDSE TAKEN WITH 4 BYEP RESIBTANCE RELAY
WAVE GCAGE (OCATED AT BTEZEL PIER
®  CAL®D ARg OWITTED.
“a89 OBAEAVATIONS BUMMARY FOR OCT 66 OCT 0% OCT b4 OCT 67
PERICOD MEIOWT (FY)
L(sece)y
Cum, ROw
Qe 1e2 2e) Jed [ETY gy (T34 7e8 89 o100 10eil 1le12 TOT,® TOT .0 AVG.®
W0 @ 1,9 1000
2,0 = 2,8 1000
2,8 « 2 1000
3,0 « 3 13 13 1060
3.9 = 3 1 19 10 30 Ay
4.0 - 8 § ™ B s 1 73 938
5,0 « 9 a 20 15 15 a ] 3 5 d8a
6,0 « & 1 23 L 12 10 12 i 1 1 73
7,0 7 a 18 38 29 10 3 1 1 1 126
8,0 « 8 [ 8 L) as 10 [} 3 1 s
908 « @ L 1S &4 23 LY ) 3 3
10,0 1 s 22 [} . 1 1 3 1 . 100
11,9 3 23 7 3 i 1 3 1 “
12,0 i . \ 1 e
13,0 1 1 3
14,0 o .
| TOTAL ey a2y 270 tae 60 23 16 . ’ . )4 1
I Cum, TOTAL 1000 999 538 269 (2% (1} (3] 2% 29 13 9 1
B COL, AVG, 0,010 8,28 8,09 7,93 8,18 7,03 7,93 9,17 A,30 0,83 13,90 11,950 6,20
: AVERAGE 81G, WEIGHT & 2,97 T AVERAGE WAVE PERTOD & 5,20 SEC®
VARIANCE OF 81G, EIGHT a  2.60 7T VARIANCE OF WAVE PERIOD » 6,66 3EC SO¢
STANOARD OEVIATION OF wplGNT ® |, STANDARD DEVIATION OF Prmi0D ® 2,15 3fCe
|
.
|
. i
5
|3
'
|
|
|
.
9l
E ’
4
Kl
v s . . . e . ~

WL Rl Al




%7 OasrRysTiONg

L1 Gl
tsecy)

CN—C 83 4P AB s

booboonocoooAd A0l

s

ToTAL
Cum, TOTAL
COL. VG,

L3} Il =)
0

1
1 10 ‘.

1. 2)
3 1Y 2a
} AL 33
. i) .0
. "2 3o
1o 3 k3l
10 L 24
. 1" 22
A . 19
1 1 .
1 3 3

1

92 3y 28
1000 %oA 87}
w,62% 8,00 A, 48

AVERAGE BIG, METGHT & 2,08 0T
VARIANCE Or 810, MEIGKT & 341
STANDARD DEVIATION OF WEIONY ®

REBULTS DATAINED FROM TaMINUTE PEN AND INK RECORDE TAKEN WITW A

WAVE GAGE LOCATED AT 8TERE
# Calmd amg Om177E0,

729 OasERvATION®

PERICO
tgece}

CuM, YOTAL
COL, AvG,

LL3] 1e2 ¢}
32

3 16
. 16 [}
1 22 21
19 18
1 21 13
22 16
a St 3
7 b9 Ja
13 80 e
1 ey s
) 32 23
1 13 8
3 1

a0 3as 237
1000 920 932
0,010 A,08 9,00

AVERAGE 91G, MEIGHT & .09 F

L
VARTANCE OF B1G, WE1owY1 s ),82 71 80

STANDARD OFyIATION OF WEIOMY ®

SURKARY FOR WOV 68 NOY @9 NOY &4 WOV 67

HELIGWY (FY)

17 1
13 10
) 1
17 .
0 .
2) 16
e .
b 3
11 1

.

1

128 o
288 1Y
8,68 8,32

AVERAGE WAVE PERIOD e 8
AN L] VARLANCE OF WaAVE PERIOD ®

Yeou

“—wm—eo

(3}
e
tar

Yot

10

AL
8,00 10430

cu=

S0 9a10 H0eil Hlell TOT,¢ TOT.¢
1090

3
.
3 |
i !
1
] .

. 1

20 e 1 1
90 10,90 3).2% 10,90 8,00

Le78 71 STANDARD DEVIATION OF PERIOD »

L orien

HEIOMY (FY)

3ot (11} L L1
T
10 8 L}
19 1e .
10 1 -
12 10
14 1 8
18 1 3
s 4 3
. 3
3 1 1
s s 3
1
110 L1 s
% 108 106
8,8% V.02

Y
.
1
1
.
1

—-—

AVERAGE WAVE PERIOD »
VANTANCE OF wavi PERIOD o T

SUMMARY POR DEC &4 OEC 63 OEC 6e DEC 67

p 8eCe
6 8IC 80

2,50 atce

STeP RESINTANCE RELAY

1060
1000
994

cux,
8s) o0 f0efl fletl TOT.* YOT.
1000
3 1000
L1}
20 097
28 L2AJ
.2 °"?
[} LA}
LI A L]
1 1 Te Tau
1 1 132
S . 3 169
1 133
1 9
[}
p L}
18
L) L]
2

12
0,00 9,17

1,09 77 STANDARD DEVIATION OF PERIOD ®
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8,91 8ECe

. .
W00 10,17 8,91

30
2,08 Skce
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S%18 OgRERYATIONE BURRARY FOR 41 MOWTHS  APR 64 THAOUCE DEC 67

PERIOD NEIC Y (FY)

(3EC8)

Cux, anw
0el 1e2 =) Jea  aeS  3e6 esT  Te8 av® eell 1Cell Lletd 12«1} (3 @ TOT.0 T0T,¢ dvC,@

. ] 1000 .00
- 1 1000 1,60
- 1 I 999 {30
. 2 13 1 16 e%a |00
- 2 1 [} 1 21 982 1,80
- ! 23 28 . 1 o1 9% 2,28
- 2 25 28 18 10 L] 1 81 a%y 2,77
. ) e 36 1o 13 7 2 1 113 8o 2,89
. A L34 82 21 1 3 3 2 1 1 15¢ 0 .
- ) 1] 53 20 [} . 3 3 1 1 1 3
- B a7 3¢ 17 . a . 3 13 1 15¢ LT
. a0 20 . s 3 1 2 ] 1 ) AL 1§
Ll 1 13 . 3 2 1 2 1 1 1 LT 118
3 13 . 3 1 i 1 33 .
2 1 3 1 2 1 1 1 1" 32
2 2 2 1 1 l 1 13
15,0 15,9 | 2
18,0 wfo,¢ i ]
1oTaL a9 ya1 290 12} s 33 17 1e . . . ? 1 1
Cum, TOTAL 1000 98§  Sea 2% 1%y 87 sa 37 23 18 ) 3 T [
COL. 4vG, 9,130 8,15 T,A8 7,03 8,21 A,52 8,80 9,33 9,55 10,01 12,08 12,23 13,36 13,07 6,19
AVERAGE SIG, “EIGWT & 2,80 F7 AVERAGE wavE PFRIOD & 8,18 SECe
VARTANCE OF SIG, “EIGWNT » 3,00 r1 50 VARIANCE OF wavE PERIOD » $.91 3EC B30
BTANDARD DEVIATION OF WEJGNT & 7y FT BTANDARD DEVIATION OF PERIOD » 2,4} BECe
AEBULTS OBYAINED PROm JawINUTE PEn AnD INK RECQROB YAKEN ®WITH A BTEP RESISTANCE RELAY
waVE GAGP LOCATED aY OTEEL PIER
& CALWS Anp O=1YTED,
1163 NBSERVATIONS 8UMMARY FNR 1] MONTHS DEC 68 THROUGH OCT 69
PERIOD 816G, HELGHY (¢T)
(SECS)
tu*, ROw
ne} 12 2#3 el deS Seb be? Teh Be9 G910 TOT,® TOT,® AVG,®
040 = 4,9 1000 0400
140 = 1,9 1000 0400
2¢0 = 2,9 1 d 3 8 1000 (.72
340 » 3.9 {15 19 3 37 992 2420
4o = 449 15 2s 18 3 61 955 2464
5¢0 = 5,9 19 29 11 15 15 { ! 91 BOd 3,38
He0 = K,9 13 36 2R 18 7 ? 3 107 803 3,40
740 = 7,9 12 26 14 9 4 ? 1 87 696 S.14
8,0 = R,9 2 71 as us 15 8 S 3 3 237 629 2.8}
940 = 9,9 2 us uo 16 13 6 3 1 1 1 127 392 2,80
1060 =10.9 3 37 2e 19 9 u 2 3 1 1 101 695 2,489
1140 =11,9 164 0400
12¢0 =42,9 1 YU 10 {u 12 10 2 1 | au 64 3,09
1360 «13,9 80 0,00
1de0 =14,9 1 22 © “ g 1 1 u 8% A0 d.2¢
1540 =15.,9 19 0,400
1640 =16,9 ) 7 1 1 i 2 18 19 2.3¢
TOTAL 18 292 307 174 99 62 e 18 & 2 2%
CuM, rotaL 1000 982 690 383 209 140 us 28 L 2
CoL, AVG, 12,608 9,15 7,80 8,21 8,69 9,03 10,58 10,64 9,50 (0,00 .88
AVERAGE 816G, WEIGHT & 2,9u FT AVFRAGEL wAVE PERIOD 8,67 SEL®
VARJANCE OF 816G, HLIGHY = 2:32 FY 8@ VARTANCE QF wAVE PLRIND ® 8,43 SEC 8Q¢
STANDARD DEVIATION OF WEIGHT @ 1,52 T STANDARD DEVIATION OF PERIOD ® 2,90 StCe

REBULTS 0BTAINED FROM 102u=SECOND DIGITAL RECORDS TAXKEN wI1TM A STEP RENISTANCE RELAY
“AVE GAGE LOCATED AT STEelL PlER,
®  CALM3 aRp OMITTED,
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lable A-7. Comparison of results from different pen and ink wave
record analysis methods, Atlantic City, New Jersey.

= R S e VI" Pt by e S ——— ’T" ""jr— e A "'}"'“i"'
Dat > Significant heights* | Significant periods*
rates 01 3 LT '__“ el e ~..-;,-v~v.<_._ ol NN
5 data samnple {| Correlation A | B ﬂ_()urr('l:‘t iulﬂ G D
S reanalyvzed by between between
3] method heights (ft) | periods (s)
Oct. to Nov. 1958 0.93 0.47 | 0.91 0.87 1.68 | 0.79
——— 3
Oct. to Nov. 1961 0.88 0.12 | 0.81 0.66 1.90 } 0..73
Oct. 1961 0.88] {().1&)"'1.5(? |10.62 ‘_’ 87 (110.64 |
‘ v‘ , u o | | PR
Nov. 1961 l0.88 10.03]{/0.83] 0.69 13/{l0.79
Jan. to Feb. 1964 0.93 0.2310.76 ~ 0.74 1.37 | 0.76
Jam. 15m~1j [0.94 | [0.23[][0.76| [0.85 [1.59{[0.76 |
- ) = = 'Y e
Feb. 1964 | ‘lu.sn‘ t0.23{l0.76] 10.67] 11.13]l0.77]
e e = — =

!

Significant height from CERC metho
= A + B x (significant height from old method).
Significant period from CERC method

= C + D x (significant period from old method).

Table A-8. Regression equations used to
: compensate significant height
statistics for Atlantic City,
New Jersey.

[ e

Date Compensation equations (ft)

1958 ‘to 1959 1> Hyrrr = 0L A7 = QS H

1960 to Mar. 1964 [

Apr. 1964 to 1971 | No compensation

3 NOTE :

; ! Hymw = estimate of significant height that

g : would have been obtained by the CERC
3 method of pen and ink record analysis.
; Hyo;p = significant height obtained by old

method of pen and ink record analysis.
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PERCENT GREATER THAN INDICATED
NOTE:
+ = computed from 1,024-second digital wave records taken

four times daily.

Unmarked = determined from 7-minute pen and ink records taken six
times daily.

Figure A-16. Monthly cumulative significant height distributions for
Atlantic City, New Jersey.
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HEIGHT SCALE IN METERS

NOTE:

e =

Unmarked =

Figure A-17.
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PERCENT GREATER THAN INDICATED

computed from 1,024-second digital wave records taken
four times daily.

determined from 7-minute pen and ink records taken six
times daily.

Monthly cumulative significant height distributions for
Atlantic City, New Jersey.
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Table A-10. Number of analyzed digital records from Chesapeake
Bay-Bridge Tunnel, Virginia.}

Mo
YR
19N 37 102 98 83 80 107 102 108 69 @82 |[4858

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NGV DEC | TOT

1972104 116 123 108 120 S2 86 112 82 106 80 7S5 | 1214

1973 (74 70 87 6L 44 64 66 90 80 81 84 44 |826

1974 ({84 95 68 61 79 79 65 60 28 41 880
lfrom 1,024-second records taken four times daily. ’
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HEIGHT SCALE IN METERS
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NOTE:

4

PERCENT GREATER THAN INDICATED

computed from 1,024-second digital wave records taken four
times daily.

Figure A-20. Annual cumulative significant height distributions from

TR o= sesmi B SRR T SR TR T TP 7 W R ORI T

Chesapeake Bay Bridge-Tunnel, Virginia.

105




‘Touuny, -

*A[TBP SOWIl INOJ USYBI SPIOdSI 9AeM [BITZIP PucIAs-4z0‘[ woxy pandwod

adprag

{ 3351 Donmm

Aeg oyeadesoy) woaj suorinqraisip poraad Jurdrjrudrs jenuuy

"1Z-V @an3ty

mmm T rmmm \Jnunu“wuﬁuﬂu %1 A‘arunulﬁpwuwhrﬂLﬂg mW i B L 0
- + — m
M
§ . ot
| 1581
3 e 102
L. 2
+
3 1s2m
=
3 .wk. o€
B “1S€E
461 elO9NY - | L d3S X
B 608 £.90V-2.d3S + Hov
0L8 PLONY -¢2 43S v
| ~35a0 gv3X  T08WAS e
] O S S 1R Mg [POEAN) toan (SO e | TR R R (N | 05

106




_é oL L R '1‘ r TrarrTr T S G T %N NV EAAE
vy 4 | SEP-264 15
x # 0CT-299 SEP 10’—
Eg NOV-164 DEC L
2 [ 0EC-157 T ocT i
s SEP 71-AUG 72
NOV =
= O ———————————————————————— . —
— 4 | nAY-297
JUN-235 e
wJ | = JUN 10 =
Eé 5 JUL-96 MAY a
— i - e Cy
& L_HUG 262 o 10 5 o
n SEP 7I-AUG 72 —
AUG=e ' = =
—_ 0 —————————————————————— g =
Eg 4 |- JAN-262 o> S
Pt
— | FEB-281 sep 71-AUG 72 FEB 10 w
w NAR-278 _(‘) MAR T
T 2 aPR-271 Sy S c
-2 - JAN o~
0 1 y Ty 0 18 1 4 L it 1 1 lJllll} 1 { S [ -

PERCENT GREATER THAN INDICATED

Figure A-22. Seasonal summaries of cumulative significant height
distributions from Chesapeake Bay Bridge-Tunnel,
Virginia; computed from 1,024-second digital wave
records taken four times daily.




Fable A-11. Wave climate for Ciiesaneake bBay-"ridee Tunnel, Virgin
Distribution of significant height versus period
(in observations per 1,090 observations
26e OBSERVATIONS SUMMARY FOR JAN T2 JAN 73 JAN T4
PERIOD $1G, MEIGWT (FT)
(8ECS)
= CuM, RUw
Oel 1w 2e) Jad ush Seb 6e7 TOT,® TOT,® Avi,*
040 » .9 1000 0,00
100 = 1,9 ue 19 61 1000 ,61
2.0 * 2,9 130 157 15 4 286 939 1,13
3.0 = 3,9 88 115 73 15 8 298 653 1,68
Gel ® G,W9 65 6% 'r4 23 3 4 [} 233 358 2,14
5S¢0 * 5,9 38 1 8 [} 4 [ 09 122 1483
6.0 = A,9 [ u 8 53 1,00
Te0 ® 7,9 11 (¢ 23 46 {400
840 = 8,9 ] 15 23 4,50
9.0 » 9,9 8 0,00
1040 =10,9 8 0,00
1140 =11,9 8 0,00
12,0 »12,9 8 0,00
13,0 #13,9 8 0,00
14e0 @149 ¢ u 8,80
1340 =15,9 4 0,00
1640 ©16,9 4 4 4 450
ToTAL 4ol 363 130 50 ue 8 8 152
CUM, TOTAL 1000 899 237 107 S7 15 [}
COL, AVG, 3,68% 3,42 3,71 4,19 4,41 S,00 5,00 3,74
AVERAGE 816G, MEIGHT 3 | 84 PT AVERAGE wayk PERIOD ® 3,73 8kC®
YARIANCE OF SIG, MEIGHT m 1,22 FT 8G VAKIANCE OF wAVE PERIOD ® 2,77 SEC SQ*
STANDARD DEVIATION OF WNEIGHT & q,10 FT STANDARD DEVIATION OF PERIOD ® 1.66 SECe

REBULTS OBTAINED FHOM 1024e3ECOND DIGITAL RECORDS TAKEN WITH A BTYEP RESISTANCE RELAY
WAVE GAGE LOCATED AT THIMBLE 9HOALS CHANNEL,
® CALMS ARE OMITTED,

281 OBSFRVATIONS BUMMARY FOK FFB T2 FEB 73 FEB 7¢
PERIOD SIG, HEIGKTY (FT)
(StCS)
Cu®, ROw
0*1 1e2 z=3 3e4  uwS  Seb  6°7  Te8  Be9 TOT,* TOT,s AVG,*

0¢0 @& L9 1000 0,00
140 » 1,9 28 7 36 1000 o790
240 = 2,9 6d 103 28 196 964 1432
300 = 3,9 64 93 78 6u 7 306 769 2,0}
4a0 = 4,9 36 75 4l 60 71 (] (] 292 463 2,76
Se0 = 5,9 7 7 14 21 11 16 1 q (] 93 171 4,08
640 = 6,9 q ¢ u q 14 78 4,75
140 & 7,9 64 0,00
8,0 = A,9 4 14 18 64 1,30
9,0 » 9,9 7 Y 14 4d 2,00
10,0 10,9 7 7 3¢ SO
1140 =11,9 2% 0,00
12.0 «12,9 7 7 7 el a5 1.50
13,0 ®13,9 4 0,00
14e0 »14,9 “ 3 4 2,%0
TOTAL 217 317 185 1us 89 18 18 ) kg 2,20
CuM™, T0TAL 1000 783 uss 281 135 ub 28 1 7
CoL, AVG, 3,78% 4,01 4,58 4,21 @,5¢ 5,30 5,50 5,50 6,00 4,21

AVERAGE SIG, HEIGHY = 2 .25 FY AVERAGE wAVE PERIOD ® 4,17 SEC*
YARJANCE OF 816G, HEIGHT = 2,35 FT 80 VARIANCE OF wAVE PERIOD ® 4 05 SEC 8Q¢

STANDARD DEVIATION UF HEIGHT & 1,53 FT STANDARD DEVIATION OF PERIOD ® 2,01 SECe




278 OBSFRVATIONS BUMMARY FOR MAR 72 MAR T7) MAR T4
|
PERIOD 81G, HMEIGHMTY (FT) :
(SECS)
Cumr, HOw
(LB} 1e2 e} Jed '} Seb 6e? TO0T,® 107,98 AVG,®
0.0 = 49 1000 0,00
140 = 1,9 36 14 S0 §000 L79
2.0 = 2,9 72 165 29 266 950 1434
3.0 = 3,9 36 137 97 58 18 3uY 683 2,17
LaQ = 4,9 u? L) 36 4y 18 201 338 2,14
5S¢0 @ 5,9 2e 36 11 L} 7 79 137 2,27
640 » 6,9 ¢ ) § 1 58 1,83
T.0 =« 7,9 7 7 WT 450 |
B840 » B,9 “ “ 40 1450 |
9.0 « 9,9 1l ¢ 14 36 475 |
1040 ©1049 22 0,00
1140 @t1,9 22 0,00
12.0 ®12.9 7 7 14 22 1,00
13,0 =13,9 7 0,00
1de0 @14,9 4 ] 7 T 2,50
TOTAL 237 u3? 169 101 S0 (] 7 1.83 .
Cum, TOTAL 1000 763 331 162 61 11 7
CoL, AVG, 4W,03% 3,66 3,67 3,93 S,07 5,50 5,50 3,87
AVERAGE SI1G, MEIGHT & 1,79 FT AVERAGE wAVE PERIOD = 3,84 BEC® |
VARIANCE OF SIG, HEIGHY ® 1,27 FT 80 VARIANCE OF WAVE PERIOD ® 3.57 SEC 80+
STANDARD DEVIATION OF MEIGHT 8 1,13 FT STANDARD DEVIATION OF PERIOD & 1,89 BECs

RESULTS OBTAINED FROM {02ueSFECUND DIGITAL RECORDS TAKEN WITH A STEP RESISTANCE RELAY
wAVE GAGE LOCATED AT THIMBLE SHOALS CHANNFL,
®  CALMS ARg OMITTED,

271 OBSERVATIONS SUMMARY FOR APR 71 APR 72 APR 74
PERIOD 816G, HEIGKY (FT)
(8ECS)
CuM, KOw
Omi w2 2e3 el aeS Seb oo’ Te8 TOT,* T07,% AVG,S
0¢0 » 49 15 1000 0,00
1e0 @ 1,9 22 b/ 30 1000 7%
240 @ 2,9 103 196 22 326 970 1425 |
340 3,9 122 133 66 22 4 352  buu 1,50 E
Uel = 4,9 4 55 26 26 18 15 187 292 2430
: 540 w 5,9 () 15 15 4 4 4 82 105 2,05
E; 540 ® 6,9 4 4 22 50
s 7.0 =« 7,9 ) 4 19 %0
i 840 = 8,9 7 r 1S 450
E 940 » 9,9 Y 0,00
3 1060 =10,9 7 0,00
d 1140 @11,9 7 0,00
; 1240 »12,9 7 7 T %0
e TOTAL 369 ) 114 63 22 18 (] 4 159
L CuM, TOTAL 1000 631 229 111 48 26 7 ]
y COL. AVG, 5,80 3,19 3,83 4,38 4,33 4,70 5,50 98,50 3,60
AVERAGE 310, WEIGHT ® {,56 F1 AVERAGE WAVE PERIOD ®» 3,89 SEC® |
VARIANCE OF 811G, HEIGHT = 1,26 FT 80 VARIANCE OF wWAVE PLRIOD @ 180 B8EC 80Q¢ |

8TANDARD DEVIATION OF MEIGHT & {1,412 FT STANDARD DEVIATION OF PERIOD ®= 1,36 8tCe

109
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297 OBBERVATIONS BUMMARY FOR MAY 71 MAY 72 MAY 74
PERIOD 816G, WEIGHY (FT)
(8ECY)
UM, ROw
0"1 1®2 23 3ed a=5 Se6 pey TOT,* TOT,* AVG,®
040 @ L9 1000 0400
140 = 1,9 44 17 61 1000 78
240 = 2,9 165 145 3 34T 939 1,418
3.0 » 3,9 111 104 94 27 17 354 593 1475
4e0 = 449 61 20 34 10 17 10 192 239 2,06
Se0 ® 5,9 27 17 ) 7 3 61 88 1489
6.0 = 6,9 27 0400
7.0 = 7,9 3 3 27 1450
8.0 » 8,9 1 10 17 24 1410
9.0 = 9,9 3 3 7 1450
10,0 10,9 3 3 3 1.%0
ToTaL Gje 323 17 37 34 17 3 1452
CuM, TOTAL 1000  SBs 263 91 sS4 20
CoL, AVG, 3,25% 3,4% 3,56 3,77 4,00 4,90 5,%0 S.48
AVERAGE 831G, WEIGHT & | .84 F7Y AVERAGE waAVE PERIOD = 3,9 OEC*
k VARIANCE OF S1G, HEIGHT ® 1,16 FT 80 VARIANCE OF wAVE PERIOD ® 1475 SEC SG*

STANDARD DEVIATION OF MEIGHT 8 {,08 FY STANDARD DEVIATION OF PPRIOD ® 1,32 3t(s

RESULTS OBTAINED FROM {02uwSECOND DIGITAL RECORDS TAKEN WITw A STEP RESISTANCE RELAY
WAVE GAGE LOCATED AT THIMBLE SHOALS CHANNEL,
$ CALMS ARg OMITTED,

318 OBSERVATIONS SUMMARY FNR JUN 71 JUN T2 JUN 73 JUN 74
PERION 816G, HEIGHT (FT)
(SECS)
CuM, ROw
fet 1e2 2a3 L PY] u=S Cab 67 7-8 TOT,® T0T,® AVG,*
0¢0 » L9 1000 0,00
1¢0 ® 149 79 19 QT 1000 59
240 = 2,9 182 182 9 374 903 1.04
3.0 = 3,9 85 123 28 L] 3 2uS S28 1.36
Gel = 4,9 78 6n 19 9 3 3 170 283 .44
Se0 = 5,9 50 2% 3 79 113 +90
6.0 = 6,9 Y 13 3% .50
Te0 = 7.9 ) [} 22 oS0
840 = 8,9 13 13 16 S0
9.0 = 9,9 ] 3 3 %0
TOoTAL 06 upQ o 16 () A 1e12
CuM, TOTAL 1000 u9u &S 25 Q 3 3 b}
CoL, avG, 3,46 3,2% 3 76 4,10 4,00 0,00 0,00 4,50 3,40
AVERAGE 810, HEIGHT = | 1S FY AVERAGE waVE PERIND ® 3,40 SEC®
VARIANCE OF 816G, HEIGHT ® W49 #T 8C VARTANCE NF WAVE PERIOD @ 177 SEC 8G*
STANDARD DEVIATION OF WEIGHT = 70 FT STANDARD PDEVIATION OF PERION ® 1,33 BECe

RESULTS OBTLINED FROM {024=8FcOND DIGITAL RECORDS TAKEN WITW 4 BTEP RESISTANCE RELAY
WAVE GAGE LOCABED AT THIMBLE SwOALS CHANNEL,
®  CALMS ARg OMITTED,
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176 OMAFRVATIONS SUMMaRY FAR gL 71 JuL T2
PERTON 816G, wMFIGWY (FT)
(SeCS)
LUM, ROw
o=1 =2 2=3 3«4 YOT,® TOT,® AVG,*

0s0 = .9 1000 0,00

140 = 149 125 2y 148 1000 465

240 = 2.9 108 287 iy 392 852 1,27

3.0 = 3.9 91 68 S 7 227 “e0 1,u8

Gel ® 4,9 un bR ) 114 233 1,20

S0 = 5,9 uS un 85 119,97

6.0 = 6.9 5 s 11 34 1,00

7.0 = 7,9 L] 11 17 23 1417

B.0 = 8,9 6 (] 6 450

TOTaAL uzs usy T4 i A 1.18
CuM, TOoTAL 1000 574 91 17
CoL, avG, 3,13% 3,20 3,35 3,50 3,23

AVERAGE 816G, HEIGHT ® 1,19 FT AVERAGE wavE PERIND = 3,21 SEC*®
VARIANCE OF 81G, MEIGHT s .33 FT 8¢ VARTANCE nF wAVFE PERIOD = 1.79 SEC Sue
STANDARD DEVIATION OF WEIGHT & ,57 5T STANDARD NEVIATION OF PERIOD ® 1,34 SECe

RESULTS OBTLINED FROM 102u=SECOND NIGITAL RecORDS TAKEN WITH & STEP RESISTANCE RE(LAY
WAVE GAGE LOCATED AT THIMBLE SWOALS CHANNFL,
® CA_MS ARg OMITTED,

389 ORSERVATIONS SUMMARY FNAR AUG 7! AUG T2 AUG 73 AUG 74
PERION 816G, REIGNT (FT)
(SECS)
CuM, ROw
Nel fm2 2e3 Vel ueS Sab TOT,® TOT,¢ AvG,*
1 0s0 = .9 1000 0,00
10 = 1.9 65 19 84 1000 473
240 ® 2.9 157 128 8 290 916 .99
5 3.0 = 3.9 114 92 41 27 5 279 626 1449
| GeO = GW9 a7 4k 19 14 168 347 1,29
3 S0 = '5,0 70 Ly 3 3 100 179,99
5.0 = 5,9 14 g 19 79 .79
7.0 « 7.9 21 3 14 60 470
0 = A,9Q 14 5 19 4s 79
9.0 = 9,9 S s 11 27 1,00
1060 =10,9 8 1 11 16 W75
1160 =1149 5 0,00
120 =12,9 3 3 S 50
k 13,0 «13,9 30,00
140 =14,9 3 0,00
15.0 =15.9 3 0,00
L 1640 =16,9 3 0,00
17.0 =17,9 3 0,00
18.0 18,9 3 0,00
19.0 «19,9 3 0,00
2040 =20.9 3 3 3 .50
2140 o 0,00
TOTAL 5§50 328 68 43 8 3 114
CuM, TOTAL 1000  4Sn 122 Su 11 3
COL, AVG, 3,96% 3,62 3,66 3,a8 4,17 5,50 3,83
AVERAGE 981G, WEIGHT = {,10 FT AVERAGE wavE PERIND = 3,79 SEC®
| VARIANCE OF 816G, HEIGHT ® .84 FT 80 VARTANCE NF WAVE PERIOD ® 3.84 SEC SGe¢
STANDARD DEVIATION UF WEIGHT m A0 FT STANDARD NDEVIATION OF PERIOD ® 1,96 SECe

RESULTS ORTLINED FROM (02ue8¥COND DIGITAL RECOPDS TAKEN WITW A STEP RESISTANCE RELAY
. WAVE GaGE LOCATED AT THYMBLE SWOALS CMANNEL,
q ®  CALMS ARg OMITTED,

S = e ‘&TI
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264 OUSERVATIONS JUMMARY POR SEP 71 SEP T2 8EP 7]
PERIOD 81G, MEIGHY (FT)
(8ECS)
Cu~, ROw
L3 1e2 2%} Seou L) Seb (134 Te8 T1QT,* YOT,* AVG,®

0e0 = L9 1000 0,00
1¢0 = 1,9 30 15 45 1000 o83
2.0 = 2,9 91 110 %} 24t 955 1.3%2
3.0 ® 3,9 53 98 91 4s ‘« 292 708 1.98
Gal ® 4,9 4l Y] 6o (' 27 8 u ‘ 239 417 2452
5.0 » 5,9 el “e L] L] i L] L] 91 178 2,15
5¢0 ® 6,9 19 19 38 87 1,00
Y0 » T,9 [ 4 W9 1450
8,0 = 8,9 8 8 4S W50
9.0 ®» 9,9 M u ¢ 1 38 2,17
10¢0 @10,9 8 8 27 1450
1140 =11,9 19 0,00
1240 w12.9 8 L] 4 15 19 1.2%
13,0 »13,9 4 0,400
1440 @149 ] 4 4 450
ToTAL 280 364 197 QS [T 11 8 [} 1484
CuM, TOTAL 1000 720 356 159 64 23 11 4
CoL, AvG, 4,08® 3,96 3,85 4,26 W,68 4,83 5,00 4,50 4,08
AVERAGE S1G, MEIGHT ® |,82 FT AVERAGE wavk PERIOD = 4,01 SEC®
VARIANCE OF SIG, NEIGNT = 1,42 *T S0 VARIANCE OF wAVE PERIOD ® 3.76 SEC S0
STYANDARD DEVIATION OF MRIGHT ® 1,19 FT STANDARD DEVIATION OF PERIOD ® 1,94 StCe

RESULTS OBTAINED FROM 102u~SECOND DIGITAL RECORDS TAXEN WITH 4 STEP RESISTANCE RELAY
WAVE GAGE LOCATED AT THIMBLE SWOALS CHANNEL,
® CALMS ARg OMITTED,

295 ORSERVATIONS SUMMARY FOR OCY 71 OCY 72 OCT 73
PERICO 81G, MEICHT (F7)
(8ECS)
cu~™, ROw
(L3 1e2 203 Jad 4ol Seb (124 Yol TUT,® T0T,8 AVG,®
0s0 ®» 49 1000 0,00
140 ® 1,49 24 17 4l 1000 .92
240 = 2.9 o4 156 37 3 26! 959 1,44
1,0 @ 3,9 '} 81 108 81 14 29% 698 2,21
4ol o 4,9 31 1) rL] 6! 24 20 7 224 4ol 2,85
S.0 @ 5,9 3u 37 ’ 3 ? 27 ’ 122 180 2,72
6,0 = 6,9 1) 7 14 24 58 1,93
7.0 ® 7,9 3 3 3 10 34 1450
8,0 » 8,9 £y ? 24 24 419
TOTAL 217 366 193 119 uy uy b4 ’ 2410
CuM, T0TAL 1000 783 'SR} 224 108 [} 14 ’
CoL, AVG, 3,94% 3,53 3,78 4,00 4,21 S,07 &,50 9,80 3,80
AVERAGE SIG, WEIGHY = 2,10 FT AVERAGE wavE PERIOD = 3,83 SEC?
VARJANCE OF 816G, HEIGWHT = 1,93 F1 80 VARIANCE OoF wAvVE PERIOD @ 1,87 SEC 80G*

STANDARD DEVIATION OF WEIGHY @ 1,39 FT STANDARD DEVIATION OF PERIOD = 1,)Y SECe

e
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163 OREFRVATIONS SMMARY FAR NAV 72 NOV T3
PERTIUN 816G, WFIGMY (FT)
(8ECS)
CuM, ROw
A=t 12 2«3 Yol u=S geb TOT,*? TOT,* AVG,®

0¢0 = .9 18 1000 0,00

140 = 1.9 61 ' 63 1000 .50

2.0 = 2,9 129 104 238 938,95

340 = 3,9 55 OO 1 1 123 3t 12 Juu 700 1,99

4ol = U9 'R} 55 6! uo 31 uu 356 2.37

S«0 = 5,9 «3 18 12 L] ® 88 113 1.79

640 = 6,9 12 13 25 1.50

740 = 7,9 & 6 13 1.50

8.0 = 8,9 6 0,00

9.0 = 9,9 6 0,00

10,0 =10,9 6 0,00

1140 =11,9 6 0,00

12,0 =12,9 6 0,00

13,0 =13,9 6 0,00

1de0 ®14,9 & ] 6 3,50

TOTAL 150 313 184 98 w9 [ 1.70
CuM, TOTAL 1000 650 137 153 55 6

CoL, AVG, 3,13% 3,66 3 A3 4,94 4,38 5,50 3,09

AVERAGF 816G, “EIGHT ® {,72 FTY AVERAGE wavE PERIOD s 3,64 SEC*
VARIANCE OF 916G, WEIGHT s 1,20 FT %0 VARTANCE NF wAVE PERIOD ® 1490 SEC 8G¢
STANDARD DEyIATION OF WEIGWT w 1,10 FT STANDARD DEVIATION OF PERI00 & {,38 SECe

RESULTS 0BT, INED FROM 102u=BFCONN NIGITAL RECORDS TAKEN WITH 4 STEP RESISTANCE RELAY
WAVE GoGE LOCATED AT THIMBLF SWOALS CHANNEL,
®  CALMS ARy OMITTED,

197 OBSERVATIONS SUMMARY FNR DEC 71 DEkC 72
: PERIODD 816G, MEIGNHY (FT)
(stcs)
CuM, RQOw
0=t {e2 2e) Jeu ues L LT 6%y TOT,* T0T,*® AVG,®
0s0 » 9 6 1000 0,00
1e0 ® 1,9 e [ 38 1000 467
2.0 ® 2,9 127 159 57 346 962 1,430
1 3.0 » 3,9 121 6u Y 32 3 6 295 615 1,70
4o = 4W9 87 52 38 2% 3A 6 199 321 2,40
1 500 ® 549 28 2% 6 6 6 13 83 122 2,27
! 640 © 5,9 13 13 38 ,%0
740 © 7,9 26 0,00
8,0 * A,9 13 [ 19 26  ,8)3
F 940 » 9,9 6 0400
1060 ©1049 6 ) 6 %0
¥ TOTAL 4ot 293 166 bU L ¥ 13 13 1e66
CuM, TOTAL 1000 599 306 140 76 25 13
COL, AVG, 3,66 3,30 3,46 4,10 &,%0 9,%0 4,00 3,62

AVERAGE 816G, WEIGHT @ {,69 FY AVERAGE wavE PERIOD ®= 3,82 aEC*
L A VARIANGCE OF 816G, HEIGWT = 1,59 FT 8¢C VARIANCE OF WAVE PLRIQD ® 183 SeC 80¢
STANDARD DEVIATION OF WEIGHT & (.26 FT STANDARD DEVIATION OF PERIOD ® 1,39 8kCe

‘ e 13
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3131 ORSFRVATIONS §1/MMaRY FOR 35 MONTHS APR 71 THROUGH AUG 74

PERIOD 816G, MEIGHT (FT)
(SECS)
U™, RUmw
0=1 1=2 2+3 Jed u=5 Reb a7 Te8 AReQ TOT,* TOT,® AvG,*

0.0 = L9 3 1000 0,00
140 = 1.9 L] 1u 62 1000 .73
2.0 = 2.9 118 152 25 296 938 1,19
340 = 3.9 82 104 74 33 8 303 6u2 1,78
Ge0 = 4o9 LY SS 32 30 22 ) H 1 201 340 2,20
Se0 = 5.9 38 25 “ b 5 7 3 1 86 138 2,02
6.0 = 6.9 Y u 2 14 52 1,465
7.0 « 7.9 4 u 8 38 1,006
8.0 = 8.9 9 4 13 3o .82
9.0 = 9.9 2 2 1 17 1.38
10.0 =10,9 & 1 3 11 .90
11¢0 =11,9 8 0,00
12,0 =12.9 3 2 1 s 8 1,15
13,0 =13,9 3 0,00
140 =14,9 1 H 3 2,00
15.0 =15,9 1 0,00
1640 =16,9 1 50
TOTaL 168 Y66 (L 70 16 12 S 2 0 1e0}
CuM, toTAL 1000 632 266 126 56 20 8 3
CoL, AVG, 3,68% 3,52 3,79 4,16 4,47 5,06 5,09 S,1v 6,00 3.1

AVERAGE S81G, WHEIGHT m 1,62 FT AVERAGE waVE PERJOD s 3,70 SEC®
VARIANCE OF 981G, MEIGHT @ 1.35 FT 80 VARIANCE 0F WAVE PERIOD = 2472 8EC 80¢

STANDARD DEVIATION OF WEIGHT & (,1p FT STANDARD DEVIATION OF PERIOD ® 1,69 SEtCe

RESULTS OBTLINED FROM 1024=8gcOND DIGITAL RECORDY TAKEN WITH A STEP RESISTANCE RELAY
WAVE GoGE LOCATED AT THIMBLE SHOALS CHANNFL,
®  CALMS ARp OMITTED,
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Table A-13. Number of analyzed records from Virginia Beach, Virginia.!l

Mo
<R JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NGV DEC | TAOT
1962 71 &0 121
1963 43 52 16 131 26 72 104 137 159 178|918

1964 (186 163 182 174 30 83 143 102 S1 1S2 179 158 1603
1966 |85 3 119 207
1966 (177 185 148 170 166 180 125 174 101 167 186 | 1748
1967 (173 150 88 100 105 180 183 172 180 148 180 143} 1802
1968 (186 163 175 128 145 80 118|996

1969 |11l 107 101 85 84 S6 121 121 104 S9 949

IResults before November 1968 obtained from 7-minute pen and ink records
taken six times daily; analyzed by the second BEB method for 1962 to
March 1964 and analyzed by the CERC method for April 1964 to June 1968.

i Results after November 1968 obtained from 1,024-second digital records
taken four times daily.
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PERCENT GREATER THAN INDICATED
NOTE:
+ = computed from 1,024-second digital wave records taken
four times daily.
Unmarked = determined from 7-minute pen and ink records taken six
times daily.
Figure A-25. Annual cumulative significant height distributions from

Virginia Beach, Virginia.
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