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OBSERVATIONS OF SEA SURFACE CONDITIONS
DURING WEAP EXPERIMENT, MAY 1982:

AN EXAMPLE OF REAL TIME-MONITORING
OF THE UPPER OCEAN ENVIRONMENT

INTRODUCTION

A principal mission of the Naval Underwater Systems Center (NUSC) is to
develop, test, and evaluate underwater weapon systems. This mission necessi-
tates conducting field tests and experiments to evaluate system performance
in the ocean environment. During at-sea testing operatiomns, strong emphasis
is placed upon deployment and exercising of the electronic, mechanical, and
acoustic components of weapon systems, and often too little effort is made to
adequately sample and define the ambient marine environment. This situation
exists in spite of the well-known fact that extreme or highly variable
oceanographic conditions can severely limit, alter, or disrupt the successful
functioning of these complex weapon systems. Thus, when malfunctions or
failures occur, the possible degrading effects of the ocean medium are often
unrecorded and hence unknown. This situation is particularly undesirable
since ocean field tests often require considerable expenditures of manpower
and funds and, further, involve operations with surface ships and submarines
whose available time is extremely limited.

The lack of proper environmental monitoring sometimes results from
ignorance of what to measure. For the most part, however, there is only a
limited capability to make those environmental measurements deemed important
to support weapon tests and evaluations. This limitation does not result
from the unavailability of the proper instrumentation since modern
oceanographic instrumentation exists to measure and record a wide range of
oceanic variables. Rather, the limitation results from the strong emphasis
placed on testing and logistics in weapon field tests, especially those
performed in conjunction with Navy vessels. This emphasis often imposes
severe constraints on environmental monitoring, which, if done at all,
usually is conducted on a "not—-to—interfere basis."

As weapon systems become more sophisticated, there is a growing aware-
ness that their successful operation becomes commensurately more related to
environmental factors; these factors, them, must be better understood and
better monitored. Environmental measurements in support of weapon tests are
best afforded by rapid or synoptic sensor deployment and recovery prior to
the actual tests, and/or real-time or quasi-real-time data monitoring and
recording during the tests.

Submarines and their associated weapon systems operate primarily within
the upper 100-200 meters of the ocean, It is in this upper layer, including
the sea surface, that oceanographic conditions are most complex and difficult
to predict. Specifically, the phenomena critical to practically all varieties
of Navy operations are the sea surface effects produced by the wind, namely:



1. Surface waves, which create a rough and complex sea surface.

2. White caps and small-scale turbulence, which combine to
diffuse air bubbles and turbulence downward from the surface.

3. Gross surface mixing by turbulent wave motions, which can
alter the depth of the mixed layer and the intensity of the bounding
thermoc line,

These phenomena in turn produce detrimental effects upon acoustic
systems and vehicles, specifically:

l. Dynamic wave motions and surface shear turbulence, which have

disruptive effects on the dynamic stability of surface ships and near—surface

submarines, as well as on the launching of submarine missiles as they pass
through the sea-air interface.

2. Wind and turbulence-produced high frequency ambient noise,
which interferes with or masks weapon acoustic functions.

3. Refraction, forward and backward scattering, and absorption,
which cause signal loss of near—surface submarine sonar and in weapons
frequency sound transmission.

The problem of trying to understand the effects of these surface
phenomena on underwater systems is compounded because, of all conceivable
oceanographic variables, surface wave and turbulence conditions are the most
difficult to measure. It is with this realization that the Applied Ocean-
ography Group of the NUSC Weapon Systems Department is embarking omn a
program to develop systems and techniques to better monitor and record much
needed real-time information on wind-waves and associated surface phenomena
critical to the operation of underwater weapon systems. The initial phase
of this program involved testing and evaluating two specific environmental
monitoring systems that provide information on the geometry, spectra, and
directionality of surface waves and wind/wave-generated ambient noise.

The first of these systems is a directional wave-track buoy originally
developed at the University of Rhode Island and produced by ENDECO Inc. of
Marion, MA, as the Type 956 (reference 1). The second is a sea surface
monitoring system developed by NUSC in conjunction with ENDECO Inc. under
sponsorship of the U.S. Coast Guard. This system (ENDECO Type 1015) is a
combination wave-track buoy and current meter intended for deployment in oil
spill areas to provide on-scene real-time data for use by various opera-
tional personnel. Such monitoring is critical in making on-scene decisions
about the deployment of equipment since high winds and wave conditions can
render cleanup operations difficult or impossible,

An opportunity to test and utilize these two new environmental
monitoring systems was afforded during the Weapons Environmental Acoustics
Program (WEAP), an acoustic experiment conducted by NUSC near Block Island,
RI, in May 1982. This report presents the results of the wave measurements
and other environmental observations made in support of this experiment.
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Moreover, it demonstrates how sea surface conditions can be monitored to
provide, in real time, practical information needed for a variety of Navy
and Coast Guard test and evaluation operations.

THE WEAP EXPERIMENT: OBSERVATIONS OF SURFACE EFFECTS

Project WEAP is an acoustic research study of the interaction of higher
frequency sound with the sea surface, water volume, and the sea bottom. One
objective of WEAP is to establish a data base using field measurements of
forward and backward scattering from the sea surface and bottom together
with propagation fluctuations and reverberation. The observations are to be
made under a variety of oceanographic conditions. These data will assist in
the development and verification of envirommental acoustic models used to
better understand and improve underwater weapons performance. Of particular
interest are data from shallow water environments (depths less than 200
meters) where weapon systems appear to experience great difficulty, probably
due to a combination of gross boundary effects together with the large
temperature and salinity variations that commonly occur in coastal or
continental shelf regions. '

The WEAP experiment was performed 15-24 May 1982 on the inner
continental shelf near Block Island, RI, using the USNS LYNCH on a multi-
point moor; water depth was approximately 35 meters (figure 1). Acoustic
measurements were made of both forward and backward scattering and reverbera-
tion over a wide range of surface wave conditions. The experiments were
conducted using a bottom—~mounted parametric projector and a four-hydrophone
vertical array at about 300 meters separation (figure 1). Both systems were
hard-wired to the LYNCH via 200-meter—long multiconductor sea cables, which
permitted acoustic transmission and receiving to be controlled from the
ship. The acoustic projector could be trained upward at various azimuths to
register backscattering and reverberation and also could be aimed toward the
receiver to obtain forward scattering and direct transmission measurements.

The interpretation of measurements of acoustic forward and backward
scattering from the sea surface requires information on sea surface rough-
ness, which is considered as the dominant factor. The wind-wave field
contains a broad spectrum of wavelengths from a few millimeters to beyond a
hundred meters. The type of interaction from sound rays impinging upon the
wavy sea surface will depend upon the ratio of the acoustic wavelengths to
those of the surface waves; a ratio much greater than unity produces simple
specular reflection effects, whereas a very small ratio produces more
complex scattering effects. The acoustic frequencies of interest for the
WEAP experiment range from 10-30 kHz, the equivalent wavelengths being from
5-15 centimeters, which fall between those of the smaller wind wavelets
(capillary waves) and the larger wind-driven gravity waves. Thus, with
respect to the 10-30 kHz range, both specular and scattering effects could
occur. Furthermore, wind speeds in excess of 6~7 meters/second produce
white caps and bubble formation which, as has been stated, grossly increase
surface scattering and attenuation, particularly at higher acoustic
frequencies.
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Acousticians have attempted to crudely model surface acoustic effects
using parameters associated with the gross characteristics of the wind-wave

field. Parameters variously described as associated with acoustic scattering
at the sea surface are:

1. Sea surface slope or mean square slope (reference 2).
2. Auto spectra of the sea surface elevation (reference 3).
3. Mean peak-to-trough roughness or height (reference 4).

4. Air bubbles stirred into the upper few meters by high winds and
white cap turbulence (reference 5).

Oceanographers do not at present have the capability to quantitatively
measure the geometry of smaller waves and bubble size and concentrations,
phenomena that directly affect acoustic waves; however, these phenomena are
directly related to the existence of the larger dominant wind-waves which
can now be measured. Further, it is clear that not only the sea surface
roughness, but also its directivity can affect acoustic .reflection and
scattering in an azimuthal manner. Thus, by concentrating on the precise
monitoring of the wind field and its associated surface waves, oceanographers
can provide a background from which to begin to identify and examine the
smaller scale phenomena so critical to acoustic propagation. Therefore,
during the WEAP experiment the decision was made to monitor the free surface
roughness, its directional characteristics, the occurrence of white caps,

and wind speed and direction. A discussion of the environmental observations
follows.

INSTRUMENTATION AND DATA RECORDING

The environmental observations were concerned with local wind waves
(seas) and swell, current speed and direction, and meteorological data; all
of these observations were made in the vicinity of the WEAP experiment
conducted from the USNS LYNCH.

Surface waves were measured with two moored systems: a Type 956

directional wave-track buoy and a Type 1015 wave-track/current meter buoy,
both manufactured by ENDECO, Marion, MA,

TYPE 956 DIRECTIONAL WAVE-TRACK BUOY

This system, originally developed by Middleton, LeBlanc, and Sternberger
(reference 6) at the University of Rhode Island, and improved upon by ENDECO
(reference 1), provides an FM telemetered record of both free surface
displacement (or heave) and the gross directional characteristics of the wave
field. The system (figure 2) utilizes an accelerometer to sense vertical
heave as the buoy responds to the passing waves; the acceleration signal is
doubly integrated to provide free surface displacement. The pitch and roll
of the buoy, which together provide wave direction information, are detected
by two tilt sensors that are coupled with a magnetic compass to provide
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north-south and east-west tilting components as the axis of the buoy responds
to the motions of the dominant wave trains.

Figure 3 shows a block diagram of the buoy electronics (taken from
reference 1). The tilt sensors are differential capacitors orthogonally
mounted in the horizontal plane to provide X and Y axis tilt recordings. A
small reservoir of mercury on the inner wall of the housing causes change in
the immersed capacitors as they oscillate with the buoy. The changes in
capacity control an oscillator and demodulator circuit that supplies a *2
volt linear output over a range of +45° tilt. The X and Y axis outputs
are referenced to a two-axis flux gate compass to provide N-S and E-W
heading information. The accelerometer is doubly integrated to provide free
surface displacement. This output is then combined with the compass-
referenced tilt output to drive voltage-controlled sine wave oscillators
with IRIG (interrange instrumentation group) bands using center frequencies
of 2300, 1300, and 730 Hz. Data are telemetered using an FM transmitter link
of 100 mW with a nominal 40 MHz carrier. The pitch, roll, compass, and
accelerometer instrumentation is housed in the bottom pressure case, and the
transmitter electronics and battery pack are located in the spherical
surface buoy (figure 2).

The basic motions of the buoy are: (1) vertical heave due to changing
buoyant force on the sphere float as the sea surface level changes from pass-
ing waves, and (2) oscillatory tilting of the wave buoy axis from vertical
due to horizontal shear forces associated with the wave orbital motions.

The heave response of the buoy system to surface waves (figure 4)
displays a plateau from 0.035 - 4.0 Hz (i.e., periods from 2.5 - 30 seconds)
This encompasses all but the smallest wind-waves and all swell frequencies.

The buoy system is moored at the center of horizontal drag, a pre-
determined point on the stainless-steel shaft connecting the sphere and the
submerged instrument package (figure 2), which acts as a fulcrum of the
inverted pendulum. This geometry allows the buoy to move in phase with the
dominant orbital motions of the surface waves (figure 5). The buoy responds
to the surface velocity shear associated with the orbital motions in such a
manner that it experiences maximum tilt at the crest and trough of the waves.
Since the motion of the buoy is in phase with the orbital motions, its
natural period of pitching in effect filters out higher frequency wave
motions; this in-phase condition also minimizes traumatic or irregular
perturbations on the buoy's motion by breaking wave crests. A horizontal
damping plate at the top of the sensor case (figure 2) provides a 0.6
critical damping of the buoy on the heave axis.

TYPE 1015 WAVE-TRACK/CURRENT METER BUOY

This system is identical to the 956 directional wave—track buoy except
that it is coupled to a near-surface recording current meter (Type 110,
mamufactured by ENDECO). The current meter provides two channels, speed and
direction, which are substituted for the two channels of NS and EW tilt
information provided by the 956 system. The 1015 system thus provides
real-time telemetered signals of free surface displacement along with
current speed and direction. The heave response of the 1015 system to
surface waves, however, is identical to that of the 956 system.
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The ENDECO 110 current meter (figure 6) is tethered to the mooring line
5 meters below a modified 956 directional wave-track buoy via a l.6-meter-
long nylon line that allows the mooring line to rise and fall with the
surface wave motions while minimizing the perturbations on the current
meter. For wave heights above 2-3 meters, however, oscillations in the
current speed output can occur due to the surge on the tether line; these
oscillations may require lowpass filtering below about 0.1 Hz. (Further
discussion of possible effects of wave motions on the current data will be
given under the heading "Effects of Buoy Motions on Current Observations."

MOORING AND GROUND TACKLE

The 956 and 1015 wave—track buoys each utilize a simple lightweight
slack mooring that minimizes problems of deployment and retrieval (figure 7).
The mooring line connecting to the buoy shaft is protected from chafing by a
rubber hose (figure 2). Below the mooring line is a rubber accumulator that
provides compliant response from 0-90 kilograms by a rubber cord that can be
elongated up to 300 percent. A loosely woven nylon overbraid takes up the
strain when the rubber is stretched beyond 300 percent. A nylon laid line,
16 millimeters in diameter with a 2.5-3.0 scope, leads to conventional chain
and Danforth anchor ground tackle equipment. (The scope is the ratio of line
length to water depth.) The relatively light ground tackle allows for
deployment and recovery from a small boat, yet provides maximum holding with
sufficient chain and scope.

DATA RECEIVING, RECORDING, STORAGE, AND PROCESSING

The arrangement of the data receiving stations for the WEAP experiment
is shown in figure 8. The FM transmission from the directional wave-track
buoy was made for a 20-minute period commencing each odd hour; for the
wave-track/current meter buoy the 20-minute transmission began at even hours.

The telemetered data from the 956 and 1015 systems were collected by two
Type 956 receiver processors (manufactured by ENDECO). One receiver
processor, which was located aboard the USNS LYNCH, collected data via a UHF
omnidirectional antenna mounted near the bridge; the other receiver processor,
located on a cliff at the Block Island Field Station at Monhegan Bluffs,
collected data some 40 meters above sea level via a UHF directional antenna
mamifactured by Cushcraft, Manchester, NH.

Each receiver filters the combined heave and directional tilt channels
using IRIG bandpass filters. Phase lock loop demodulators provide additional
noise rejection and dc signal analogs of the heave and two tilt channels.
From the multiplexer output an A/D converter digitizes the analog signals
into 8-bit binary code. A universal asynchronous receiver transmitter
converts the three-channel parallel data into several outputs via an RS-232-C
(serial digital interface connection) to provide for data transmission
processing and storage.
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The general sequence of telemetered wave buoy data collected aboard the
LYNCH began with reception by an ENDECO 956 receiver that relayed digitized
signals to a Memodyne M-80 cassette recorder for primary storage. (This
machine is mamufactured by Memodyne, Needham Heights, MA.) A single cassette
could store all data gathered over 24 hours. Intermittently, data were
transferred from the M~80 cassettes to diskettes using an HP9825A computer
(manufactured by Hewlett-Packard, Loveland, CO). Subsequent analyses,
consisting of data verification and time-series plot constructionm, accessed
the disk data sets using an HP9825A computer. This freed the M-80 recorder
for further immediate storage of new data. (Details of the procedures for
processing the telemetered data aboard the LYNCH are given in appendix A.)

The telemetered data received at the Block Island Field Station were
delivered through the RS-232-C output of the 956 receiver processor and read
by a Tarbell minicomputer (manufactured by TIE, San Jose, CA). Processed
data and statistical results were written on floppy disks in a Morrow design
disk drive and presented each hour on an electronic printer.

The processing and analyses are performed by the Tarbell minicomputer as
follows: From the diskette the program reads the data file, which contains
time series of heave, NS tilt, and EW tilt, and performs a Fast Fourier
Transform (FFT) on each time series. The range of frequencies is divided
into 10 bands bordered on the upper end by the Nyquist frequency of 0.5 Hz
(for a l1-second sampling rate). For each frequency band a digital bandpass
filter is applied and corrections in amplitude and phase, determined from the
wave buoy heave response calibration, are made. Auto spectra are calculated
on the heave data, and an inverse FFT is performed on the data to produce
filtered time series records.

The heave record is then subjected to a zero upcrossing analysis whereby
individual waves are defined by consecutive upcrossings through the zero
reading (defined as the mean value of the record). This enables estimates to
be made of the following quantities:

1. Number of waves.

2. Maximum period.

3. Mean period.

4, Mean height.

5. Maximum height.

6. Period of maximum height.

7. Significant period (mean of the highest one-third of all periods).

8. Significant height (mean of the highest one-third of all waves).

9. Height variance.

10. Root-mean-square height.

11. The profile height of the maximum height wave at 1.0-second
intervals.

Finally, the buoy tilt at each wave crest is computed from the tilt
component data, and the mean wave direction and standard deviation are
estimated for each of the 10 frequency band intervals. The entire statistical
set plus comments on the data quantity and quality were printed out each hour.
(Details of the computer program provided for the wave data analysis are
given in reference 7.)
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In addition, statistical and spectra analyses were done at the NUSC
Newport laboratory on the wave data obtained aboard the USNS Lynch. The
spectra were generated using the standard Fast Fourier Transform techniques
discussed in reference 8. The NUSC analyses program, using the HP9825 A
computer, produced the raw data plots and the auto spectra together with
pertinent sampling parameters, environmental data, and statistical parameters.
Discussion of the NUSC auto spectra is given in the next section.

PRELIMINARY RESULTS

WIND DATA

Wind speed and direction were measured hourly from the USNS LYNCH while
on anchor station for the acoustic tests from 17 May 1982 until sea condi-
tions forced the LYNCH to leave the mooring area on 23 May 1982. 1In
addition, meteorological records were obtained from nearby U.S. Coast Guard
stations at the Southeast Light House, Block Island, RI (an automated monitor
having frequent data dropout), Point Judith, RI, and Montauk Point, NY.

The wind direction and speed (figure 9) displayed a variety of
conditions that included two periods of moderately high winds reaching 10-11
meters/second from S, SW on 19-20 May followed by a weak "Northeaster" on
22-23 May accompanied by rain. Hatched areas in figure 9 designate periods
when winds exceeded 7 meters/second at which white capping normally occurs.
The barometric pressure (figure 10) indicates a weak low pressure moving
through the area during 19-21 May, which was associated with the unsettled
conditions accompanied by E, NE winds and showers.

WAVE OBSERVATIONS

The wave records in the form of free surface elevation and XY tilt
measured on the ENDECO 956 system and the free surface elevation measured on
the ENDECO 1015 system were recorded at both the LYNCH and Block Island
receivers. The 956 and 1015 systems were located at the positions shown in
figure 1.

A typical plot of the ENDEQ 956 record processed on the HP9825A
computer aboard the LYNCH is shown in figure 11. The mean sea surface is not
quite centered precisely at 0 meters and appears to decrease with time, both
effects being due to a slight dc drift in the voltage analog circuit. (This
has minimal effect upon the statistics of the fluctuations except for a
slight bias in the variance estimate.)

At Block Island the Tarbell computer/printer system generated a complete
statistical summary (discussed in section 3) following each hourly data
transmission. Figure 12 shows the printout for the Type 956 directional
wave—-track buoy. The insert shows a piece of the Rustrak monitor trace for
the free surface record. Unfortunately the Tarbell program incorporates
units in feet instead of meters.
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The Tarbell program is constructed for the three ENDECO 956 output
channels: (1) free surface, (2) E-W tilt, and (3) N-S tilt. From these data
the program generates the statistics of the wave height characteristics.
Also, using the tilt data, the program provides directional information as
listed in the table at the bottom of figure 12.-

When the ENDECO 1015 data are received, the free surface elevation data
in statistics are valid since they are independent of the tilt information.
Thus, there was a net hourly data summary of free surface elevation
statistics provided, alternatively produced from the 956 and 1015 systems.

Figure 13 shows the mean and significant wave heights (i.e., the mean of
the one-third highest waves) associated with the changing wind conditions.
Superposition of significant heights on the wind speed time suggests a time
lag of roughly 6 hours between the wind peaks and the maximum wave
conditions. This indicates, as is further seen in the spectra, that the mean
and significant heights represent a composite of locally wind-generated waves
(seas) and swells.

The energy density values for each spectral band are summed in the
Tarbell output (figure 12). It can be shown that the total variance of the
record is proportional to the potential energy density of the wave field.
These integrals, plotted as a function of time (figure 14), correspond, as
expected, to the bimodal peaking of the significant and mean wave heights
(figure 13) and the periods of maximum wind speed (figure 9).

The Tarbell auto spectra estimates offer a clearer picture of the
changes in the wave field. Figure 15 shows six consecutive spectral
estimates from the Tarbell data (the column "energy density" in figure 12),
which display wave generation and decay over the period 19-25 May. Showmn
also in figure 15 are the wind speeds (U) for the times given, the total
variance (value in parentheses), and the significant wave heights (SH).

For the period 19-20 May the freshening winds (figure 9) rapidly build
upon the higher wave frequencies. From 20-25 May the spectral peak shifts
steadily toward lower periods (redder frequencies) as the local winds
diminish. However, the spectral energy continues to grow, peaking at 24 May
(1500 hours-EDT) when the winds have become light. By 25 May (0300 hours)
the energy is still large. The continuous energy growth well after the local
winds have abated reflects the presence of the swells which, having been
developed by the high winds of the cyclone to the east, have propagated into
the test area.

The spectra, together with the wind variations, clearly demonstrate the
complex cause and effects of wind-wave generation. The wave field (or its
spectra) for any given instant is a product of the previous history of the
wind and its origin; hence, the spectra do not particularly correlate with
the instantaneous wind. Thus, for a gradual wind-wave buildup over a large
area, local waves are growing, but soon swell is propagated into the area,
creating a composite of sea superimposed on swell.
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An example of the directivity of wave buildup is shown in figure 16.
The wave components at 1900 hours on 23 May are indicated by vectors
radiating from the center of the diagram, with the vector length proportional
to the component's energy. The vectors suggest the average direction of
propagation of the waves of the particular frequency (period) band. The
measured wind vectors are shown for times 0, 3, 6, and 9 hours prior to the
record. The small waves having a period of 3.4 seconds (0.29 Hz) appear
opposite the most recent wind vector, and those having a period of 10.3
seconds (0.10 Hz) appear opposite the wind vector of 9 hours previous. This
wind-wave direction diagram, although crude, is suggestive of the ability of
the Type 956 directional wave—track buoy to portray wave generation.

The analysis of the wave/current data recorded aboard the USNS Lynch
produced both raw data and auto spectra plots. The first sample record is
from 18 May at 1200 hours (figure 17) at which time the wind speed was light
(5 meters/second and the seas light to moderate (figures 13 and 14). The
upper two portions of figure 17 show the raw data plots of the current meter
direction and speed, and the bottom portion shows the free surface height
(obtained from the double integration of the accelerometer output). The upper
box contains the following information pertaining to the wave records: serial
No., data, time, record length, sampling interval (either 0.5 or 1.0 second),
wave height, variance, significant height (mean of the highest 1/3 of the
records), wind speed and direction, and current variance. The wave height
units are decimeters (dm), and the current speed is in centimeters/second

(cm/s).

The auto spectrum for the record is shown in figure 18 along with the
pertinent information. The spectrum displays weak energy distribution, with
a small peak at about 0.13 Hz (or 7.7-second period). The small wave energy
corresponds to the small waves estimated by the Tarbell analysis (figure 13).

The next record, from 23 May at 2000 hours (figure 19), represents the
largest waves observed, as indicated by the Tarbell records (figure 13), and
at the end of the period the highest wind speeds (figure 9). Perturbation of
the buoy motion is obviously due to the large surface waves; this is reflected
in the current speed record as speed excursions from 30 to 45 centimeters/
second. This contamination of current speeds by the buoy motions is discussed
further in the next section).

As expected, the spectrum of the large waves is highly energetic (figure
20), with a large peak at about 0.14 Hz (i.e. 7.l-second period). The wave
energy is highly narrowbanded since the waves were produced locally from
strong winds persisting from the east quadrant on 23 May.

The data from this buoy will be analyzed by a more fundamental FFT
technique developed by LeBlanc and Middleton (reference 9) which is based
upon the original work of Barber (reference 10) and refined by Longuet-
Higgins, Cartwright, and Smith (reference 11). The method of obtaining
directional spectra was applied to data from a wave tilt buoy developed at
the National Institute of Oceanography (now the British Institute for
Oceanographic Sciences). The technique involves finding the first five
Fourier coefficients of the directional energy spectrum from free surface
height together with X-Y tilt data. This technique will be utilized in
further data analysis of the Type 956 wave-track data.
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CURRENT DATA

The current speed and direction from the WEAP operation area were
obtained using the ENDECO 1015 system with the current meter at 5 meters
depth beneath the wave-track surface buoy located 700 meters east of the USNS
LYNCH (figure 1). Data were received both at the LYNCH and at the Block
Island Field Station. A sample of a 20-minute telemetered current record is
shown in figure 21. This sample was made during wind speeds of 8-9
meters/second with about 1.2 meters significant wave heights (figures 9 and
13). Some of the wiggles on the direction and speed traces may be due to
surface buoy oscillations perturbing the current meter. However, the records
seem quite stable; i.e., the current flowed consistently southward (180°
T), and the speed was 15-18 centimeters/second.

Cursory visual examination of the actual speed and direction records,
particularly those reflecting periods of high wind or wave conditions,
revealed no obvious biasing of the current data due to vertical heave of the
surface wave buoy. Therefore, no attempt was made to filter the records at
surface wave frequencies, and only the raw data are discussed below.

(Further examination of possible bias due to buoy motions is presented in the
next section) )

At Block Island the Type 1015 data were processed on the Tarbell
computer, which was programmed to analyze the three channels of the Type 956,
i.e., heave and the two tilt channels. In substituting current speed
(channel 2) and direction (channel 3) for the tilt data, the program provides
mean values of the two variables. However, the direction is internally
sampled only during 1 second out of every 4 and reads zero otherwise. Thus,
the direction record from the Tarbell was unusable, and the direction data
had to be derived from the LYNCH, which unfortunately had record gaps because
of intermittent magnetic tape rewind and adjustment periods.

The available direction and speed data were averaged for each 20-minute
sampling interval and plotted at 10 minutes after the hour at each 2-hour
interval (figure 22). The direction data, in spite of the missing points,
display a strong rotary tidal nature of My variations. (The excursion from
360° T to 0° T is indicated by the broken lines.) The speeds, however,
appear atypical since they display generally a single maximum per tidal
period instead of the double maximum of a sinusoidal character. The speed
ranged from 5-70 centimeters/second and averaged 27.6 centimeters/
second. This was in agreement with observations in Rhode Island Sound made
by Shonting (reference 12).

The rotary character of the tidal motions is displayed by the LaGrangian
Hodographs (head-to-tail vector diagrams) in figure 23. The 20-minute
average speeds and directions are assumed to be representative over 2-hour
intervals (since the 20-minute sample was obtained every 2 hours). The mean
transport and trajectory of motion changes from a clockwise quasi-circular
motion between 18 May at 0400 hours and 21 May at 0600 hours, to a strong
westerly set between 21 May at 1400 hours and 22 May at 1400 hours., This
coincides with persistent E and ENE winds (figure 9) which appear to generate
surface current moving westward.
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EFFECTS OF BUOY MOTIONS ON CURRENT OBSERVATIONS

The ENDECO Type 1015 wave-track/current meter buoy incorporated a
Type 948 wave body at the surface with a current meter tethered to the wave
buoy mooring line some 5 meters beneath the surface. One of the objectives of
the observations using the Type 1015 system was to determine possible bias to
the current data caused by perturbations on the current meter arising from
surface wave motions. Thus, the tethered instrument could be affected by
vertical heave imparted to the mooring line by oscillatory movement of the
sur face float in the wave field and by the orbital motions of the waves them-
selves. This effect is borne out by measurement as is shown in figure 19
vhere clear contamination of the buoy motions produced by larger waves shows
up in the current speed record.

The geometry of the tethered current meter suspension is designed to
minimize the translation of motions of the mooring line to the current meter.
Normally, the "mooring line" is a taut cable with perhaps several instruments
attached at various depths and is connected to a subsurface or surface float.
The use of the horizontal l.6-meter tether to the current meter served to
decouple vertical or vibration motions of the mooring line from the meter
body.

A theoretical model study was made of mooring systems for a tethered
current meter by Triantafyllou and Salter (reference 13). The analysis
concentrated on the dynamics of the mooring cable in both taut and slack
catenary configurations. Forces and tensions on the cable were estimated for
various mooring lengths, tether points, tether lengths, cable diameters,
cable specific gravities, water depths, and current speeds.

The study delineates the relevant parameters in the dynamic system and
assesses the various force and tension distributions associated with different
wave spectra conditions. The conclusions recommend the use of a slack mooring
in lieu of a taut system for the greatest stability of the tethered current
meter. The taut system, because of its tendency to have a snapping effect
when the currents were weak, increased the effects of wave motions to cause
instability in the tether line.

Unfortunately, little attention was paid to the possible perturbations on
the current meter per se; i.e., the equations were not integrated to evaluate
the error in the current associated with the cable and wave motions. The
study does, however, offer a basis for engineering analysis of cable dynamics
in various wave and current environments.

A measure of the decoupling of the tethered instrument from a vertical
cable was obtained in a tank test conducted by ENDECO at the David W. Taylor
Naval Ship Research and Development Center (DINSRDC) in Bethesda, MD
(reference 14). The test system allowed the current meter tether point to be
oscillated vertically at various amplitudes and periods while it experienced
different flow speeds in the water channel (figure 24). The flow speed was
measured independently and compared to the current meter output using oscilla-
tion periods of 3, 6, and 9 seconds, amplitudes (half ranges) of 40 and
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63 centimeters, and mean flow currents of 39 - 64 centimeters/second. The
results are summarized in figure 25.

The error due to the tether oscillation ranged from 3.2 to 8.0 percent
and appeared larger at the 6-second period than at the 3-second period.
Unfortunately, the current speed range is small, and error effects below
39 centimeters/second were not presented. The report concludes, however,
that the effects of vertical motion upon the measurement of horizontal
current appear minimal.

Unlike the typical taut-line current meter mooring system referred to
above, the Type 1015 wave-track/current meter buoy utilizes a slack mooring
line of about three-to-one scope, with the current meter tethered at about
5 meters beneath the surface; this distance is necessary so that the surface
wave buoy can freely oscillate in the wave field. Although Triantafyllou and
Salter (reference 14) suggest that a slack cable has better damping charac-
teristics than a taut moor, they do not recommend placing the instrument near
the surface. Clearly, a loose catenary mooring line could allow the current
meter more freedom to oscillate vertically than would a taut mooring cable
(at least in shallow depths (< 100 meters) where the net cable stretching
is minimal). Thus a price may be paid in the quality of current data by
attempting to measure current so near to the sea surface in the presence of
wave orbital motions. On the other hand, it may be that under moderate wave
conditions a 5-meter tether depth is sufficient for the exponential decay of
wave amplitude to minimize the perturbations, and that the natural damping of
the slack catenary may dominate the tether system,

Consideration of the geometry of the tethered current meter system
allows some crude insight as to the current meter motions imposed by the
surface waves., A simplified picture of at least the kinematics of the
buoy-current meter system is given in figure 26. The wave buoy is attached
to the mooring line at point Q which is the center of horizontal drag for the
mean wetted surface (including the lower hemisphere of the buoy, the shaft,
and the accelerometer housing, figure 2). Thus, for a mean surface current,
the drag on the moored buoy should contribute minimal net tilt.

The current meter is attached to the mooring line by a neutrally buoyant
tether line of length L at point P, The current meter is weighted so that it
is neutrally buoyant (i.e., its buoyancy b is equal and opposite to its
weight W). The instrument is also trimmed so that as the drag of the hori-
zontal current U, imparts upon it a horizontal pull, the longitudinal axis
of the current meter coincides with the horizontal tether.

The wave buoy, in response to the surface waves, has a vertical
amplitude of displacement, say §g, which is felt at the tether point as a
vertical oscillation given by

§(t) = 8, sinuyt, (1)

wvhere §, is the amplitude (and §,<8g, since the catenary is likely to
absorb some of the surface motion) and W, is an arbitrary surface wave

frequency where
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Wo = 7 » (2)
T, being the period (s).

The problem is to estimate the horizontal current U, sensed by the
current meter as the tether point P is oscillated as defined by equation (1).
The analysis is made with the following assumptions:

1. The current drag acts as a restoring force opposing the forward
acceleration caused by the P tether point moving up and down. Thus, as the
tether rises and falls, the tether is always stretched out.

2. The orientation of the current meter remains horizontal.

3. The variable force on the current meter causes it to move
approximately along the tether direction toward the upper and lower limit of
the vertical excursions of the tether point.

Without these simplifying assumptions the analysis becomes hopelessly
complicated since the precise motions of the current meter are dependent
upon instantaneous drag and accelerations and torques related to different
flow angles of attack. Further, it is felt that with the simplification the
gross perturbations are properly estimated.

Referring to figure 26, the current meter tether point P is elevated
a distance §,, at which time the tether of length L makes an angle O
with the horizontal equilibrium position. When the tether point has reached
a point §, from equilibrium point P, the current meter must be displaced
at least a distance AL in the new direction of the tether (figure 27). The
horizontal component of AL is given by

Ax = AL cos® = L(1-cos0). (3)

If it is assumed that the vertical displacement 8(t) given by
equation (1) is due to a passing ocean wave, then for a full cycle
oscillation the meter would be accelerated over the distance +Ax during
the first and third quarters of the wave period T,. During the second and
fourth quarters, the instru<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>