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SUMMARY

The report describes laboratory experiments at one-half scale
using simulated random seas and field tests at full scale of
an installation of a dynamic floating breakwater system in

a limited fetch situation. An analytical model is described
whicu successfully predicts the periormance of any tethered
float breakwater configuration, given the incident wave
spectrum,

The metnodology for selecting the arbitrary resistance
coefficients in the predictive model is discussed, Predicted
and measured performance data for a total of 60 laboratory and
field experiments are displayed, covering a very broad range
of wave climates.

1, INTRODUCTION

Seymour and Isaacs {1974) describe 3 floating breakwater in
which the energy is removed from the waves through the drag
created by the vigorous oscillations of tethered floats.
This system, first proposed by Professor John Isaacs in 1970,
has been under development at the Scripps Institution of
Oceanography (SI0) since that time under the jnint sponsor-
ship of the California Department of Navigation and Ocean
Development (DWOD) and the California Sea Grant College
Program. As shown in Seymour and Isaacs (1974), an effective
predictive model for the breakwater was developed as part of
this effort.

In 1974, DNOD and the U. S. Wavy Facilities Engineerinyg
Command (KAVFAC) undertook a joint program, parallel to the
510 project, leading to the development of an operaticnal
ocean-scale tethered float breakwater. As part of this
Navy/DNOD effort a "—marina-scale” breakwater was built and
installed in San Diego Bay. This unit was of a scale suit-
able for providing protection from waves in the 2-to 4-second
period range, typical of the wave protection problems for
marinas and anchorages in semi-protected waters.

Prior to the design of this marina-scale breakwater, an
intensive laboratory modeling program was undertaken at
$T0 under the DNOD/Sea Grant project. The instrumenting
and performance analysis of the San Diego Bay experiment
was also performed under this same project. This report
describes the laboratory and field experience and the com-
parison of predicted and measured breakwater performance.



2. THEORY OF PERFORMANCE PREDICTION

Laboratory measurements of breakwater performance, described
in later sections, suggest that scattering and reflection
are minor contributors to the reduction of wave energy.
Therefoere, the model for predicting performance considers
only drag dissipation.

Fluid drag, proporticnal to the velocity squared, is nonlinear
gven in steady flows. In the case of the floats oscillating
in response to the wideband random flow produced by a wave
field, the drag is preoportional to the square of the relative
velocity -—- 1itself a wideband random wvariable. It is there-
fore very difficult to predict the drag in a deterministic
sense from some measured parameter such as the surface eleva-
tieoen history. As in most random processes, 1t proves more
convenient to work in the [requency domain and te deal with
the statistics ¢f flecat motion and drag.

Considering a single float, its average drag power may be

defined as
& 3
SP.> = 0 €V % i rinrrrronronsssanrsaraassna{(1)

where, P, 6 = drag power

< » indicates time averaging

*

C 1is the standard drag force
coefficient, p A C
> d

V is the relative wvelocity

Since V can be considered a Gaussian variable, the average
value of £(V) can be calculated by

_y?
<E(V)> =206(V) e AV ... (2)
where V = Va
v

a is the standard deviation or

v ,
r.m.s. value of the relative
velocity



Fvaluating equation {2} yields

<V3> = cv3 ....... T e s 03D

. . 2 . A .
Since the variance, ¢ , 18 given by summing a properly scaled
spectrum of the variable, equation {1) can be written

*
\Pd> = Co, 1/2 ESv(i) .................... (4)

where Sv(f) is the spectrum of relative
velocity

¥rom equation (4}, assuming a line&r process, the frequency
dependence of Pd can be determined.

*

8 = <p_. (f)> = C ¢ 1/2 8§ (EY i (5}
P d. Ay v,
i i i

where S 1is the spectrum of float drag
power

1t was shown by Seymour{1974) that the spectrum of relative
velocity for a single float can be estimated by

Sv({) = 5, YLE) te e (6)
where y(f) = 1 + lﬁ\z - 20H|cose Lieaiiann (1)
iH[ and o are defined from the complex transfer function of

float position relative to water particle herizental motion,
H(f)

H(f) = [H]e_' ......................... (8)

and § 1is the energy spectrum of horizontal
water particle velocity, which

can be readily obtained from the spectrum of surface ele-
vation by linear theory

Su(f) = Sn(f)B(f) ......................... (9

where Sn is the surface elevation spectrum



2 2
cosh k(h—ds)w
B(f) = 7
sinh  kh

k is the wave number
w is the radian frecuency, 2-f
h is the water depti

dS is the depth of the float

Therefore, combining equations (53, (6), and (9) provides an
cupression for the spectrum of average drag pewer of a single
Iloat in terms of the wave spectrum

5 = S Y& ..... R @ R £

The power c¢ongsumed in the drag of the fleat is at the cxpense
of the snectrum of incident wave power, which can te expressed
rer unit of float spacing along the wave crest

5,(E) = 8 (E)alE) voivveavunniineiaen.(11)

where Sw is the spectrum of wave power
al(f) = 1/2:Cn(f)s
Cn is the group velocity

5 1is the fleat spacing

Tnus the energy transmission ratio, ETR, which is the traditional
parameter for describing breakwater performance, can be specified
in terms of the three coefficients

s -8
ETR(f) = —g—=2 =1 - y3LE)

B an

W

In equation (12), only y has dependence on the float dynamics.
Both x and £ depend upon the wave field alone, Seymour(1974)
shows a method for linearizing drag so that the equation of
motion fer the f{loat can be solved to yield H{(f). As a result

of the linearizing technique, however, H(if) is a function of o .
g q ’ v



1/2

IVDZLUA + (Mg’
lafce)y = > T g | e (13)
(B -Ma")" 4+ (C U W)
J

*
wC U0 Duw
a(f) = arctan Sz = AYCLAn T e {(14)
— T
B Muw C IJO
where U, = g , 1s =a characteristic
0 v : ..
3w velocity for linearizing
drag
= +
D Mw (1 Cm)
=& (1 -1
B I (2 Js)
hy! = M + M
m W s
Mw = mass of water displaced by the float
MS = mass of float
L = effective tether length
Cm = added mass covefficient

Seymour and Isaacs(1974) describe 2 method for solving iter-
atively for o _. In this approach, a value is assumed for o_,
and equationg (13), (14) aund (7) are solved to yield value$
of o for each frequency band. FEquation (6) can be summed

over frequency to give an estimats of o 2. The assumed value
of Sy is then adjusted until thers 1is réasonable agreement be-
tweelh the zssumed value and the wvalue calculated from summing
the spectrum. The final values of y (f) obtained in this iter-
ation are then used in equation (12) to calculate ETR(E).

By applying the ETR values as a spectral density function to
the incident spectrum, a transmitted spectrum 1is obtained for
the first row of fleats in the breakwater. The process 1s
repeated through each row to obtain the final exiting spectrum
pehind the array.



Thus it has been shown that, in principle, the performance of
a tethered fleat breakwater can be estimated knowing only the
incident wave field characteristics, the breakwater geometry,
and appropriate average values for two coefficients, Cg and Cp.

3. PHYSICAL ARRANGEMENT OF EXPERTIMENTS
a) Laboratorv ¥Model at Hzazlf S:ale

A half scale section of the San Diegoe Bay Field Experiment
breakwater was installed in tnhe 40 m leng Wind Wave Channel

at the Hydraulic Laboratory, Scripps Institution of Oceancgraphy.
The general characteristics of this model are shown in the fol-
lowing table. The nomenclature is defined in Figure 1.

Table [

Laboratory Model Breakwater at Half Scale

Fioat diameter 15,8 ¢m
Effective tether length 83.8 cm
float spacing {beam) 31.6 cm
Float spacing (length) 31.6 cm
Number of rows 11

Float density 0.04 gm/ce
Water depth 178 cm
Breakwater length 239 cm
Channel width 244 cm
Freeboard each row separately

variable

¥igure 2 illustrates a model of siwilar scale in the wave
channel.

The model was slack-moored by a single mooring line extending
toward the wave generator. The slow currents set up by the
generation of waves result in a net motion of the breakwater
toward the beach. Thus, the mooring line might occasionally
become taut for short periods of time.

Wave heights were measured with surface-piercing digital wave
staffs having 5 mm resolution. Tne outputs of the wave
staffs were sampled at 16 Hz and stored in ccre by an IBM 1130
computey, After storing 2048 samples of each of two wave
staffs, the records were transferrad to magnetic tape.
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MODEL TETHERED FLOAT BREAKWATER IN WAVE CHANNEL

FIGURE 2



b) San Diego Bay Field Experiment

A 46 m length of breakwater, twice the scale of the laboratory
section, was installed im San Diego Bay near the Naval Undersea
Center on Point Loma. The breakwater was subjected to ship and
boat wakes generated in the main entrance channel to San Diego
Bay and to limited fetch wind waves when winds from the south
occurred. The breakwater was protected from ocean-generated
waves because it was located on the lee side of FPoint Loma.

A detailed description of the configuration, construction, and
installation of this breakwater 1s contained in Berkley and
Johnson (1976). The wind wave attenuation performance is 1llus-
trated in Figure 3, and the physical arrangement 1s shown in
Figure 4.

Table 1T defines the basic characteristics of this installation.

Table 11

San Diego Bay Field Experiment

Float diameter 29.2 ¢m
Effective tether length 168 cm

Float spacing (beam) 61 cm

Float spacing {lemgth) 61 cm

Number of rows 11

Float density 0.085 gm/ec
Water depth approx. 8m
Breakwater beam 6 m
Breakwater length 46 m
Freeboard positive 15 cm (front

and rear rows), negative
7.5 cn {(interior nine
TOwWs )
Pogitrive buoyancy approx. 10%Z of float volume

The breakwater was slack-moored with three lines forward and
three lines aft at approximately 12 m intervals. Lateral re-
straint was supplied by slack moors at each end of the system.
The tide range is approximately 2 m, and tidal currents reach
a maximum value of about 1 m/sec.

Incident and transmitted wave heights were measured by dual
wire resistance gages mounted on tilting spares pivoting on
gravity anchors at the bottom. These gages were connected
by submerged cables to a van onshore. There, the signals
were digitized, multiplexed, and transmitted over a leased
telephone line on command from a dedicated minicomputer at
Scripps Institution of Oceanography. The gages were located
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approximately equidistant from the ends of the breakwater and
about 15 m away from the neominal breakwater position, one in
front and cne behind,

¢) Extended Tether Laboratory Model

A second laboratory pnreakwater model was evaluated in which
all of tne physical parameters were identical to the half-
scale model described in Section 3 a) above, except that the
tether length was increased to 134.6 cm.

4. WAVE CLIMATE
a) Laboratory Experiments

The laboratory breakwater experiments were conducted using
simulated raundom seas generated in response to magnetic tape
control. The methodology for producing these broad-band ran-
dom wave spectra is described in Sevmour (1975). A series

of eight tapes was emploved for these experiments. The sta-
tistics of each are shown in Table TIII. These are derived
from bare—-channel measurements made with the breakwater
removed. Hg, the significant wave height, is calculated from

Hg = 4 «
and Hy, the wmaximum wave height, is taken as the difference

between the maximum and minimum excursions from the mean
during the experiment.

Table I:1

Laboratory Wave Climate Parameters

Tape Peak Hq ‘ He, Ratio
Designation Freq. (Hz) {(cm) (cm) Hy/Hg
T1 . 883 .89 11.51 1.07

T2 .675 10.33 17.84 1.73

T3 .51¢ 1..80 18.58 1.58

T4 .375 9,69 14,44 1.49

15 .375 17.16 28.05 1.63

Té . 290 17.60 25.10 1.43

T7 .250 16.16 24.62 1.52

T8 .190 15.28 21.17 1.39
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For the shorter period wave trains, tapes A, B, and C, it
was possible to maintain the Hp/Hg ratio close to the nearly
constant oceanic value of 1.65 reported by Goda (1974).

For longer period wave trains, the wave generator efficlency
at lower frequencies limited the attainable H_/H_ ratios.

The measured spectra of these wave trains are shown in
Figure 5.

The wave generator control voltages were provided by one
track of a two-track tape deck. By means of a computer
start signal or the second track, wave data were recorded
at identical intervals in the time series. This ensured
that incident waves characterized 1n a bare~channel exper-
jment would be exactly reproduced with the breakwater

in place.

b) San Diego Bay Experiments

Significant south wind activity was observed at the Point Loma
site only twice in the eight-month span of this experiment,.
Gecause of the scarcity of opportunity, the wave measurement
system was programmed to monitor the wave climate for a five-
minute period every 15 minutes. 1If the standard deviation of
the surface elevation (on) exceeded the threshold of 5 cm for
rwo consecutive trials, the computer would take data contin-
vously for six hours and then retest. This would assure data
retrieval even if a southerly storm occurred outside of normal
working hours.

The twe storm periods that were recorded occurred on 22 January
and 9 February 1976. On the 22 January occurrence, the wind
rose from calm at 0945 A, M, PST to a maximum of 22 knots at

1015 A.M., varying between 12 and 16 knots from 1100 A.M. to
1245 P.M. The direction was comnstant from 180°. ©On 9 February,
the wind direction varied from 180° to 200°. The peak speed

was 20 knots between 0930 A.M. and 1015 A.M. and continued to
exceed 12 knots through 1700 P.M,

Ten experiments were obtained on 22 January, each with 4096
samples taken at approximately 5,11 Hz, in the interval between
1024 A.M. and 1300 P.M. PST. These experiments are designated
S1 through S510. The incident wave spectra for these runs are
shown in Figure 6.

A total of 16 experiments were recorded on 9 Februarv. Three
were in the morning between 1000 A.M. and 1130 A.M, and 13 in
the afternoon between 1340 P.M. and 1700 P.M. These runs were
designated S11 through §26. The incident wave spectra are
shown in Figure 7.
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These spectra are quite broad, bearing little resemblance

to the sharply peaked spectra characteristic of waves
generated on the open ocean. This broadening is caused

by the extreme degree of fetch width restriction as dis-
cussed in Seymour {1976). These broad spectra, however,

are reasonably close to the longer period laboratory spectra.

Certain types of rigid floating breakwzters which depend
upon reflection and disruption of the wave orbits have bcen
observed to yield a spatial wvariation in wave intensity
behind the breakwater such that the measured energy close

to the breakwater is less tnan that observed some distcance
away. This condition, when observed in a wave flume in
which there is no opportunity for diffraction around the
ends of the breakwater, i1s most likely caused by a tempo-
rary imbalance between the potential and kinetic energies
witich is eliminated within a few wavelengths behind the
structure, This condition obviously requires correct place-
ment of the wave probe measuring transnmitted energy in order
to determine the true breakwater performance.

This phenomenon was explored with the present system to
determine if measurable differences in transmitted energy
could be detected at various distances behind the breakwater.
The laboratory breakwater model, illustrated in Figure 2, was
similar to the half-scale model desc¢ribed in Section 3 a,

The experiments were conducted using wave tape number T2.

The results are shown in Table IV,

Table IV

Investigation of Variation in Transmitted
Energy with Wave Probe Position

Measurement Point

Distance Behind Observed Significant
Breakwater (m) Wave Height {(cm)

1 4.90

2 4,95

4 4,75

) 4.74

8 4.51

The maximum distance observed, 8 m 1s approximately 2.3 times
the wavelength of the energy peak in this spectrum. It can
be readily observed that the variation approaches a small
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systematic decline with distance which is of the correct
order to account for losses to the high-frequency end of
the spectrum as predicted by Lamb (1932).

The rear wave probe position used in the present work was
approximately 8 meters behind the breakwater. To account
for the high-frequency losses, the incident wave spectrum
employed was measured in the bare channel at this same
locaction, Since the actual incicent spectrum is somewhat
larger, this results in conservative estimates of break-
water performance.

5. SPECIFICATION OF RESISTANCE COEFFLCIENTS

It was shown in Section 2 that wvzlues of the resistance
coefficients, C, and Cm,must be specified in the perfor-
mance predictive model’

it is thecretically possible to cefine deterministic time-
varying values for these coefficients in oscillating flows,
For example, the instantanecus vslue for C, may be found,
in concept, by comparing the instantanecus value of that
component of resistance which is in phase with the velocity
with the value of the square of the instantaneocus velocity.
Since the flow conditicns are changing radically through
the oscillations in velocity, it is clear that the instan~
taneous values of the resistance coefficients must also
change. Therefore, such a tize-varying parameter is of

no value for the statistical predicrive model presently
employed.

In Seymour (1974), the method was described for determining
average constant values for the resistance ccefficients

for broad-band oscillatory flows. That resulted in minimum
errors in predicting certain statistical properties of the
resistance. This concept of utilizing constant coefficients
to approximate the resistance of a single float is embodied
in the predictive model for breakwater perfeormance described
above.

The concept 1s further extended in the model, however, to
include the use of singleconstant values for all floats

within the breakwater, even tlhough the average flow con-

ditions in a functional breakwater vary significantly

between the front and the rear rows as the wave is attenuated.
Thus, these coefficients are even further removed from the

true, or instantaneous, values that they attempt to approximate.
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At the beginning of Secticn 2 it wvas stated that free
surface effects such as scattering or reflection have been
assumed to be small and are therefore not considered ex-
plicitly in the predictive model. However, these free
surface effects do exist, particularly with floats whose
diameter is an appreciable fraction of a wavelength and
which are arranged near the surface. The net sun distur-
bance of the free surface can be coneidered as an increase

in the resistance force. The increase in resistance that
is in phase with the velocity would therefore result in
an apparent increase in the drag coefficient. In the same

manner, that portion of the resistance increase which is in
phase with the acceleration would result in an apparent
increase in the inertial coefficient.

The energy associated with the true drag of the floar is

loest to the wave fileld. The energy associated with rhe
disturbance of the free surface may not necessarily be lost,
but only phase shifted or changed in direction. in recog-
pition of this, two drag ccefficients have been defined.
One, € _, is used to define the apparent drag resistance
{total of true drag and free surface disturbance). C 1is
used in the equation (6) to calculate the spectrum of"
relative velocity. The second, C,, 1s used in equation (5)
to estimate the drag power spectrum. In practice, these

two values vary only slightly. (C must be larger than or

eaqual to C,), but they allow a s1iEht additional flexibility
in selecting coefficients to employ in the predictive medel.

This procedure is in marked contrast to the traditional
approach used by naval architects in which the frictional
and wave-making components of resistance are separated and
independently scaled. The present approximation, in which
wave-making resistance is treated as an additional component
of frictional resistance, appears to be feasible because of

two considerations. First, the wave-making resistance, as
demonstrated below, is small compared to the frictional
resistance. Secondly, as shown by Seymour {1974), drag

in random oscillatory flows has no Reynolds number depen-
dence and scales approximately as Froude scaling, the same
as the wave-making resistance.

The relative importance of the wave-making resistance can
be deduced from the level of backscattered energy.

In Table V, four experiments using the half-scale model

and different wave climates, show the difference between
the significant wave heights at the measurement station

in front of the breakwater and at the same location with
the breakwater removed. The measurement of the backscatter
of narrow band waves from fixed surfaces requires that the
wave measuring device be moved to a number of locations to
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insure that reflected energy 1s not masked by the
measurement point occurring at a node. In this system,
however, a single location suffices because the signal
is random and bhroad band, and because the reflecting
body has a large number of reflecting surfaces all of
which move randomly during the sampling interval.

The comparisons of the spectral plots for these same

two Spectra from each of the four experiments are shown
in Figures 8, %, 10 and 11. It is readily apparent from
these figures and from Table V that the backscattered
energy content is quite small. Since this is the only
component of the free surface disturbance that can be
measured easily, it is necessary to assume that the
other components are also small.

Table V

Comparison of Incident Spectra
With and Without Breakwater

H (cm)
£ ——— Ratio
Exp. Tape Bare With H /H
No. do. Channel Breakwater® 5 s
L1l T1 7.26 7.75 1.07
L2 T2 10.70 10.7%9 1.01
L3 T3 11.93 12.01 1.01
L4 T4 9.52 9.66 1.01
6. EFFECTS OF VARYING FREEBOARD

Since the entire breakwater is expected to fellow the surface
to accommodate tides, storm surge and waves, SOme reserve
buoyancy--or positive freeboard--must be provided. Experience
has shown that a reserve volume roughly equivalent te 10% of
the total float volume will assire that the breakwater does
not totally submerge under reascnable combinations of large
waves, mooring forces and currents. This can be niost easily
effected by making all tethers the same length and ballasting
until the freeboard is approximetely 20% of the diameter of
the spherical float. This reduces the restoring force and
the cross-sectional area compared to a zero freebecard con-
dition at the same time that it increases the free surface
disturbance. Therefore ,alternative schemes were considered

to improve performance.

* Freeboard on all floats was ~-3.8 cm.



ENERCY DENSITY (CMZ/HZ)

17.

13.

1Q.

21

without breakwater

FREQUENCY (HZ)

COMPARISON OF INCLDENT SPECTRA WITH
AND WITHOUT BREAKWATER - EXPERIMENT L1

FIGURE 8

.95



2
ENERGY DENSITY (CM™/HZ)

38.

30.

22.

15.

22

without breakwater

Y

-+

N
T

-

G.35 0.75 1.15 1.55

FREQUENCY (HZ)

COMPARISON OF INCIDENT SPECTRA WIiTh
AND WITHOUT BREAKWATER ~ EXPERIMENT L2

FIGURE &

.95



2
ENERGY DENSTTY (CM™/HZ)

23

49

24

16 1

8 1

without breakwater

T
+
T
+
-

0.35 Q.75 1.15 1.55

FREQUENCY (HZ)

COMPARISON OF INCIDENT SPECTIRA WITH
AND WITHOUT BREAKWATER - EXPERIMENT L3

FIGURE 10

-




ENERGY DENSLTY (CM2/HZ)

4é .

35.

26.

17.

24

|-

without breakwater

FREQUENCY (HZ)

COMPARISON OF INCIDENT SPECTRA WITH
AND WITHOUT BREAKWATER - EXPERIMENT L4

FIGURE 11



25

In order to evaluate these concepts, it was necessary to
measure the effects of varying freeboard on breakwater
performance. To do this, the half-scale laboratory model
was ballasted to produce a number of freeboard values.
When the trim approached neutral buoyancy, or went
negative, the breakwater was suspended at the proper
depth by lines at the four corners of the ballast frame.

Defining a freeboard ratic for spherical floats
R = freeboard/float diameter
experiments were couducted at values of R between +0.21

and -0.50. A summary of the experiments 1is ghown in
Table VI.

Table VI

Variable Freeboard Experiments

Experiment Tape Freeboard
Numberx Number _Ratio, R ETR
L1 T1 -0.25 . 208
L2 T2 -0.25 L0606
L3 T3 -0.25 .193
L8 Tl +0.21 .388
L9 T2 +0.21 . 215
L10 T3 +0.21 .280
L11 T1 -0.17 187
L1z T2 -0.17 075
L13 T3 -0.17 201
Ll4 Tl 0 .191
L15 T2 0 .126
Li6 T3 0 . 249
L29 TL - .33 V242
L30 12 - .33 .081
L33 T3 - .33 . 207
L32 11 - .50 337
133 T2 - .50 141

L34 T3 - .50 L 247
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The measured performance, defined by ETR, is tabulated in
Table VI and plotted in Figure 12, It can be seen from
Figure 12 that the minima in ETR (least energy transmitted)
occur near a freeboard ratio of about -0.25,

Since the predictive model contains no consideration of free
surface effects, it predicts best performance at R=(Q, where
wave amplitudes are maximum. It is c¢lear from Figure 12,
nowever, that moving further away from the free surface com-
pensates for the loss in the driving force amplitude to
produce the minima observed. In the present form of the
predictive model, therefore, it is necessary to accommodate
these variations in performance efficiency by arbitrary
adjustments of the resistance coefficients as discussed

in Sectiom 53, above.

The final operational configuration chosen for the field
experiment had all of the reserve buoyancy provided by the
front and rear rows (R=0.3), The central nine rows were
submerged to the optimum (R=-0.23), This was handled in

the predictive model by assuming 10 rows (rather than the
actual 11) all submerged to R=-0.,25. It was determined that
this appreximation--which consists of replacing the two outer,
half-emerged rows with a single, optimally submerged row~-
gives very gratifying results in predicting performance.
Laboratory experiments L5, L6 and L7 modeled this arrangement.

7. SELECTING €., Cgq zand

Seymour {(1974) showed for spheres and Sarpkaya (1976) for
rough cylinders that drag snd Ilnertial coefficients are
independent of Reynolds number and will be constant with
Froude scaling. This suggests that, for geometrically
similar models above a limiting critical size, a single
set of these coefficients should be sufficient to predict
the performance of any scale breakwater.

Therefore, the entire body of laboratory and field data of
similar geometry could be explored to determine the best
values of the coefficients. This was accomplished by means
of a computer program which predictsd the ETR and the trans-
mitted spectrum for a particular experiment and compared
these with the measured values. A normalized error function
wWwas established to compare the predicted and measured trans-
mitted spectra in which rhe rms error was normalized by the
standard deviation of the measured transmitted wave,

The non-dimensional ETR values could be compared directly.
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Values of C., C, and C_ spanning the range of possible values
¥ d
were examined using a large number of the field and labora-
tory experiments. These results were evaluated subjectively
to yield a set of coefficients giving minimum errors over the
full range of conditions. Because of the wave climates in-
volved, these data necessarily included experiments in which
the incident waves exceeded the design optimum. The coeffi-
cient set selected to model breakwaters with the geometry
emploved in these experiments is:

Cq = 0.45
C, = 0.55
Cy = 0.55

8. RESULTS OF LABORATORY MODELING

Figure 13 shows the comparison between measured and predicted
performance {(i.e., energy transmission ratio) for both the
field and the laboratory experjiments described in this report.
The laboratory data are shown by triangles. The 25 laboratory
experiments displayed ranged from an energy reduction of about
202 to a reduction of about 94%. Experiments L8 to L10O,

L14 to L16, and L32 to L34 were excluded from this plot,
because their freebeoard ratios were not sufficiently close

to the prototype.

ITn Appendix A, the measured transmitted and incideant spectra
and the predicted transmitted spectrum are shown for each of
the 34 laboratory experiments. A graphical comparison is
also made of the measured and predicted energy transmission
ratio (ETR) curves as functions of frequency. When comparing
the two ETR curves it is important to refer to the incident
wave spectrum in the plot above., In general, the agreement
between the ETR curves is quite good over the frequency range
where a significant amount of incident energy is present.

The ETR curves have little physical significance in frequency
regimes with small energies and are subject to considerable
measurement error.

Appendix A also contains a table for each experiment showing
the physical characteristics of the model and the perfor-
mance estimates.

The standard error in estimating ETR for the 25 laberatory
experiments plotted in Figure 13 is 0.0017. Since good
agreement on an overall ETR is possible with very large, but
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offsetting, errors in estimating the transmitted spectrum,
a second criterion was developed to evaluate the quality of
the estimation. A normalized error function was defined as

E transmitted - E transmitted
measured estimated

E(f)

E incident

The standard deviation of this function was calculated over
all frequency bands. The resulting standard deviations are
shewn in the appropriate tables in Appendix A. The mean of
all the standard deviations for the 25 laboratory exper-
iments plotted was 0.066,

9. RESULTS OF FIELD EXPERIMENTS

The 26 field experiments are shown as open circles in
Figure 13, These experiments cover a range of energy
reducticns from about 24% to about 76%. The spectra,
ETR curve comparison and tabular data on these exper-
iments are shown in Appendix B.

The standard error in estimating overall ETR for the
26 field experiments was 0.0027. The mean standard devi-
ation of the error functlon was 0,061,

10. CONCLUSIONS

a) Lumped, single valued resistance coefficients applied
to a linearized model for float motion can effectively pre-
dict the statistics of the response of the float to random
wave excitation.

b} The values for the resistance coefficients, determined
empirically by numerical curve fitting techniques for a par-
ticular freeboard ratio, apply over a bread range of both
breakwater scales and wave climates.

¢} The performance estimation technique predicts the
transmitted spectrum, given the Incident spectrum, with a
mean tms normalized error of less than 0.07, and predicts
total energy transmission within 3%.

d) The wave attenuation characteristics of the tethered
flecat breakwater were satisfactorily demonstrated in a limited
fetch application.



31

REFERENCES
Berkley, B. J., Jr., and N. F. Johnson: "Engineering
Report: San Diego Bay Tethered Float Breakwater."

JUC TN 1670. Ocean Technology Department, Naval
Undersea Center, San Diego, California {January 1976),

Goda, Y.: "Estimation of Wave Statistics from Spectral
information." Proe. Int'l. Symposium on Ocean Wave
Measurement and Analysis, New Orleans, Louisiana,

pp. 320-337 (1974).

Lamb, H.: "“Hydrodynamics," Dover Publication, N. Y.,

6th Edition, p. 624 (1932).

Sarpkaya, T.: "In-line and Transverse Forces on
Cylinders in Oscillatory Flow at High Reynolds
Numbers." OTC 2533. Proc. 1976 Offshore Tech,.

Conf., May 3-6, Houston, Texas, Vel. 11, pp. 95-108
(19786).

Seymour, R. J.: 'Resistance of Spheres 1in Oscillatory
Flows," Doctoral Dissertatiom, University of California
at San Diego (1974).

Seymour, R. J., and J. D. Isaacs: "Tethered Float
Breakwaters." Floating Breakwaters Conf. Papers,

T. Kowalski, Ed., Mar. Tech. Rpt. No. 24, University
of Rhode Island, pp. 55-72 (1974).

Seymour, R. J.: "Wave Induced Lecads on Multi-Element
Structures." Proc. Symposium on Modeling Techniques

for Waterways, Harbors and Coastal Engr., San Francisco,
California,. pp. 1552-1567 (Seprember 1975).

Tdem: "Estimating Wave Gemneration on Restricted

Fetches." 1In press. Journ. Waterways, Harbors and
Coastal Engr.




32

This work is a result of research sponsored by the NOAA
Office of Sea Grant, Department of Commerce, under

Grant #UCSD NOAA 04-5-158-20 to the Institute of Marine
Resources. The U. S. Government is authorized to produce
and distribute reprints for goverrmental purposes not-
withstanding any copyright notaticen that may appear herein.

The authors would like to eXpress appreciation to the many
individuals and agencies who contributed to this research.
Farticularly we would like to thank J. B. Berkley and

N. F. Johnson of the Naval Undersea Center, San Diegeo, for
the design and installation of the breakwater used inm the
tfield experiment; M. H. Sessions, A. E. Woods, 5. L. Wald
and K. M. Wallace of Scripps Institution of Oceanography
for the design, installation and cperation of the field
experiment data gathering system; and P. €. Chrestensen
for preparing the manuscript. The financial support of
the Department of Navigation and Ccean Development in pro-—
viding both matching funds to this Sea Grant project and
sponsorship of the NAVY/DNOD demorstration project is
gratefully acknowledged. The original concept of a
tethered float breakwater was proposed by Professor

John D. Isaacs of the Scripps Institution of Oceanography,
and the initial demonstraticn of feasibility was under-
taken in 1970 under a grant from the Foundation for Ocean
Research.



33

APPENDIX A

RESULTS OF LABORATORY EXPERIMENTS




EXPERIMENT L1

FLOAT DIAMETFR = 15224 (M FFFECTIVE TETHER LENGTH =
Xx=GECTIONAL AREA = 18244 .CMaS00 VOLUME = ia53,3 CC .

FLOAT SPACING = 30,468 (M FLOAT DENSITY = 00400 GM/CC
DERPTH TO Cele = 1leds3 CM WATER DEPTH = 177.8 M
DFLTF = 01250 MO BANDS = 16

cn o= 0550 v o= (eE50 NN = Dt

MUMBER OF R0wS = 11

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Ne2l4
HEIGHT TRANSMISSION FACTCOR = Dehb2
STGNIFICANT WAVE HEIGHT INCIDENT ({CM! = Hel
SIGNIFICANT WAVE HEIGHT» TRANSMITTED (CM) = 340

RMS FRROR = 04044
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EXPERIMENT L2

FLOAT DIAMETER = 15424 CM EFFECTIVE TETHER LENGTH = B3.8
X=SFCTIONAL AREA = 182e8 CMeSQe VOLUME = 185343 CC

FLOAT SPACING = 30+48 CM FLOAT DENSITY = 00400 OGM/CC
DEPTH T Cals = 11a63 M WATER DEPTH = 1778 M

DFLTF = 0.125C 0. BANDS = 16

CMH = 04550 ¢ = 0550 DCD = Qe050

NUMBER NF ROWS = 1]

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR Cal94h
HEIGHT TRANSMISSION FACTOR 0307
SIGNIFICANT WAVE HEIGHTs INCIDENT (Cv) =
SIGNIFICANT WAVE HEIGHT, TRANSMITTED (MY =

([}
[SSIRte]
.
o0

eMS FRROR = 0.082
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EXPERIMENT L3

FLOAT DIAMETER = 15424 CM EFFECTIVE TETHER LENGTH = B3a8
X=SFCTICMNAL AREA = 1824 (Me5Qo VOLUME = 1853.3 CC

FLOAT SPACING = 30«68 CM FLOAT DENSITY = (0400 GM/CC
DFPTH TO CalLs = 11ed43 (M WATFER DEPTH = 17748 CM

DELTF = (0a1250 NO« BANDS = 16

D = G550 CM = De550 DCD = Q4450

NUMBER OF ROWS = 11

PERFORMANCE ESTIMATES

FNERGY TRANSMISSION FACTOR = De227
HEIGHT TRANSMISSION FACTOR = Oeb77
SIGNIFICANT WAVE “EIGHTs INCIDENT (M) = 11.6
SIGNIFICANT WAVE HEIGHTs TRANSMITIED (M) = Se5

RMS ERRDOR = Dell7
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EXPERIMENT L4

FLOAT DIAMETER = 1524 (M EFFECTIVE TETHER LENGTH = B3et
Xx=SECTIONAL AREA = 182¢4 CMa5Q. VOLUME = 185343 CC

FLOAT SPACING = 30«48 M FLOAT DENSITY = (0eaD400 OGM/CC
AFPTH "0 Cale = 1l1e43 (M WATER DEPTH = 17748 (M

NDFLTF = D4125%0 NOe« BANDS = 16

= D550 M = 0550 DCD = 04450

NUMBER OF ROWS = 11

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR 0«606
HEIGHT TRANSMISSION FACTOR 0«778

SIGNIFICANT WAVE HEIGHTs INCINENT (V) = Qa8
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 7

RvS ERROR = 0.113
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EXPERIMENTY L%

FLOAT DIAMETER = 15624 CM FFFECTIVE TETHER LENGTH = B3.8
X=SFCTIONAL AREA = 1824 (CMe5N. VOLUME = 185343 (C

FLOAT SPACING = 30448 CM FLOAT DENSITY = 0«0400 GM/CC
DEPTH TO Casblae = 1083 CM AATER DFPTH = 177.8 CM

DELTF = 04,1250 NOa BANDS = 16

D = 0550 M = 04550 PCD = 0.450

NUMBER OF ROWS = 10

PERFORMANCE FSTIMATES

ENFRGY TRANSMISSION FACTOR 0.212

HEIGHT TRANSMISSION FACTOR = Jetbl
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM)} = 6
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 2

RMS ERROR = 04054
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EXPERIMENT L6

FLOAT DIAMFTER = 1524 M EFFECTIVF TETHER LENGTH = B834E
X=SECTIONAL AREA = 18244 CMeSQ VOLUME = 1853.3 CC

FLOAT SPACING = 30448 CM FLOAT DENSITY = 0e 0400 GM/CC
NEPTH TN Cals = 10.83 CMV WATER DEBRTH = 17748 (M

DFLTF = Ne1250 NCe BANDS = 16

N = 04550 M = D550 NCD = Qs450

NUMBER OF ROWS = 19

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = NDe104
HEIGHT TRANSMISSION FACTOR = De322
SIGNIFICANT WAVE HEIGHTs INCIDENT ((IM) = FeG
SIGHMIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 1.1

RMS FRROR = Q.044
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EXPERIMENT L7

FLOAT DIAMETER = 15624 CM EFFECTIVE THTHER LENGTH = Bi.8
X=-SFCTIONAL AREA = 18244 CMeSQe VOLUMF = 185343 CC

FLOAT SPACING = 30«48 (M FLOAT DENSITY = De0400 GM/CC
DEPTH TO Cels = 1NeB3 M wATER DEPTH = 17748 CM

NDELTF = n.,12%N0 NCe BANDS = 16

CD = 550 CM = {4550 DCN = Qeasn

NUMBER OF ROWS = 10

RPERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR De2dl
HETGHT TRANSMISSION FACTOR O+491
SIGNTIFICANT wAVE HEIGHTs INCIDENT (CM) = ila6
SIGNIFICANT WAVE HEIGHTs TRANSMITTED ((M) Se7

RMS FRROR = (Q.068
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EXPERIMFENT L4

FLOAT NDIAMETER = laa7l CM FFFECTIVFE TETHER LENGTH = B3a8
X=SECTIONAL AREA = 15741 (Ma5Q. VOLUME = 166646 CC

FLOAT SPACING = 30.48 CM FLOAT DFNSITY = 00400 GM/LC
NFPTH T2 Celle = Te36 (M WATFR DFFTH = 17748 CM

DELTF = D41250 NCe BANDS = 16

Ch = NW550 M = (e550 OChD = D450

NUMEFR (F ROWS = 11

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Nallb

SZ168:T TRANSMISSICN FACTOR = Oe340
SIGNIFICART WAVE HEIGHTs INCIDENT (CM) = Eats
SIGNIFICANT WAVFE HEIGHTs TRANSMITTED (CM} = 242

RMS ERROR = 0a101
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EXPERIMENT L9

FLOAT NIAMFTFR = I4¢71 M EFFECTIVE TETHER LENGTH = A3.8
X=S5ECTIONAL AREA = 15741 CMeS0a VOLUME = 166646 CC

FLOAT SPACING = 30248 (M FLOAT NENSITY = 060400 GM/CC
BEPTH TO C.Lo = Te36 (M WATER DEPTH = 1778 CM

NELTF = Ne1250 NOe RANDS = 16

ch = M550 ™ = D550 NCD = Da450

NUMEER TF RDWS = 11

PERFORMANCE ESTIMATES

FNFROY TRANSMISSION FACTOR = 0sG5HY
HEIAHT TRANSMISSION FACTOR = Da243
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = Fe9
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM} = 2eb

NG ERRDR = Nael4®
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FXPERIMFNT L1170

FLOAT NJAMETER = l4a71 CM EFFECTIVE TETHER LENGTH = R3.8
X=SFCTINDNAL ARFA = 15741 CMeSQe VOLUME = le66s6 CC

FLOAT SPACING = 30448 CM FLOAT DENSITY = DL0400 GM/CC
DFPTH 77 Cels = Ta36 M WATER DFRTR = 17748 CM

DELTFE = De 1250 NOs BANDS = 16

Ch = 055D ¢ = Q550 DCB = 0e450

MUMBER MF ROWS = 11

SFRFEORMANCE ESTIMATES

FNERTY TRANSMISSION FACTOR = De?06
HEIGRT TRANSMISSION FACTOR = CeS4
SIGNIFICANT WAVF HFEIGHTs INCIDENT (C¥) = lie6

SIGNIFICANT WAVE HEIGHT» TRANSMITTED (CM) =

uh
]
B

RMS FRROR = N,137
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FXPFRIMENT L1211

FLOAT DIAMETER = 15424 M EFFECTIVE TETHER LENGTH = B3a8
X=SECTIONAL AREA = 18244 CMeS0e VOLUME = 1823,.,3 CC

FLOAT SPACING = 30448 (M FILOAT DENSITY = Q0e0400 OGM/CC
DEPTH TO Cele = 1016 M WATER DEPTH = 17748 CN

DFLTF = 041250 NQs BANDS = 16

cn o= NeH50 Cv = 04550 NCD = 04450

MUMBFR OF ROWS = 11

PFRFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = DelTl
HEIGHT TRANSMISSICN FACTCR = Ne&l3
SIGNIFICANT WAVE HEIGHMTs INCIDENT (CM) = bats
SIGNIFICANT WAVE HFEIGHTs TRANSMITTEND (CM) = 26

RMS FERROR = N.048
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EXPERIMENT L12

CLOAT DIAMETER = 1524 (M FFFECTIVE TETHER LFENGTH = B1.8
X=SECTIONAL ARFA = 18244 CM4SQe VOLUME = 1853.,3 CC

FLOAT SPACING = 30448 (M FLOAT DENSITY = Q0.04C00 GM/CC
DEPTH TO Cele = 10616 M WATER DEPTH = 1778 CM

DELTF = 061250 NOe BANDS = 16

cn o= Ne550 ™M = Ne550 NN = NL450

NUMBER OF ROWS = 11

PERFORMANCE FESTIMATES

ENERGY TRANSMISSION FACTOR Del75
HEIGHT TRANSMISSINN FACTOR = Del2 74
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) =
SIGNIFICANT WAVE HEIGHT, TRANSMITTED (CM)

R 4]
- B
-4 0

RMS FRROR = 04065
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EXPERIMENT L13

FLOAT DIAMFTFR = 1524 M EFFECTIVF TETHER LENGTH = 83.8
X=SECTICNAL AREA = 18244 CMaSGa VOLUME = 185343 CC

FLOAT SPACING = 30e48 CM FLOAT DENSITY = 00400 OGM/CC
DEPTH F0O Celae = 10.15 M WATFR DEFTH = 177« CM

DFLTF = 0#1250 NCe BANDS = 16

(N = 045850 v = 04550 DCD = 04450

NUMBER OF ROWS = 11

PFRFORMANCE ESTIMATES

ENERGY TRANSMISSICN FACTCR = De2l2
HETGHT TRANSMISSION FACTOR = Q460
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 11e6
SIGNIFICANT WAVF HEIGHTs TRANSMITTED (M) = 503

RMS ERROR = 0.109
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EXPERIMENT L14

FLOAT DIAMETER = 15.24 CM EFFECTIVE TETHER LENGTH = 9348
X=SFCTIONAL AREA = 1824 (CM45Q. VOLUME = 185343 CC

FLOAT SPACING = 30e 8 CM FLSAT DENSITY = D040 GVM/CC
PEFTH TO Cele = Teb2 M GATFSX DEPTH = 177«8 CM

RDELTF = Na1255 MOe BRANDS = 16

Tho= NDeB50 M = (0.550 DD o= Da450

MUMBER CF ROWS = 11

PFRFORMANCE ESTIMATES

FNERGY TRANSMISSION FACYOR Del00

HEICGHT TRANSMISSION FACTOR De3l6
SIGNIFICANT WAVE HEIGHTs INCIDENT (CV) =
SIGNIFICZANT WAVE HEIGHTs TRARSMITTES (M) =

"
[ ]

o

RMS FRROR = 04082
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FXPERIMENT L15

FLOLT DIAMETER = 15624 CM
¥=SFCTICMAI AREA = 18244 CMuSQs
FLOAT SPACING = 30,48 M

NEFTH T2 Cel e = Tab? M

IFLTE = T41250

CP = De550 Y = 0-550
NUMESR OF ROWS = 11

PFRFGRMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR =
HETGHT TRANSMISSION FACTOR =

FFFECTIVF TETHER LENGTH

VOLUME

FLOAT DFNSITY
NATER DEPTH
BANDS
g 0ea50

NCe

neo

DaChh
Ne2le

SIGNIFICANT WAVE HEIGHTs INCIDENT (M
SIGNI=ICAMT WAVE HEICHTs TRANSMITTED

RMS FRROR = 0411C

{CM)

=

1853,3 CC

DeNB0ON GM/CC
1778 M

16

G
Ze
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EXPERIMENT L16

FLOAY DIAMETER = 15«24 CM FFFECTIVE TETHER LENGTH = B3.8
X=3FCTTONAL AREA = JR7st C4eS5Na VOLUME = 1853.% CC

FESAT SPACING = IGeuR (M FLOAT DENSITY = Ne0&0C GM/CC
NFPTH TO Casle = Teb?2 (M WATFR DEPTH = 1778 CM

DFLTF = 0641250 NOs BANDS = 16

Ch = 0550 v = 08550 DCN = 06450

NMUMBER OF ROWS = 1t

PERFORMANCE ESTIMATES

ENFRAY TRANSMISSION FACTOR
HEIGHT TRANSMISSION FACTOR
SIGNIFICANT WAVE HEIGHT, In

SIGNIFICANT WAVE HEIGHT s TRANSMITTED {CM} =

M5 FRROR = 0,098

.
-

Cels7

Nak32
IDEMT (O} =

[

LS L
IRl



ENERGY DENSITY (OM-5Q- HZ)

TR

40

24 7

A-32

EXPERIMENT L16

— INCIDENT SPECTRIM
+  MEASURED TRANSMITTED
| s PREDICTED TRANSMITTED

+ PRECICTED




EXPERIMENT (17

FrLOAY DIAMETER = 15224 ™ FFFECTIVF TFTHER LENGTH = 13446
T=3FCTTONAL ARFA = 12244 CMade VOLUME = 1653,3 IC

TLOAT LPACING = 30«43 M FLOAT DENSITY = DeaG4a0U GM/CC
TERTS T Cale = 10e16 ™ WATER DEPT4 = 17748 (O

NMELYE = NelgzsDn fiGe BANDS = 16

C™ o= Tab50 T4 %= Ne25D0 NCD = Ced450

NMAFR OF ROWS = 11
PERFNORMANCE ESTIMATSS

ENERGY TRANSMISSION FACTIR = Jel 32
HEIGHT TRANSMISSTION FACTOR = CensB2Z
SIGNIFICANT WAVE HEIOGHT, INCIDENT (Y] =
SIGNIFICANT WAVE HEIGHT, TRANSMITIED {(CM) =

[

W
jagii e

RMS FRROR = 74044
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EXPERIMENT L1/
40
_ —  INCIDENT SPECTRM
f & MEASRED TRANSWITTED
2t ; w  PREDICTED TRANSMITTED
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EXPERIMENT L 18

FLOAT DIAMETER = 15624 M EFFECTIVE TEYHER LENGTH = 13446
X=SECTIONAL AREA = 18244 C¥aS0e VOLUME = 1853243 (C

FLOAT SPACING = 30De48 M FLOAT DENSITY = 040400 OGM/CC
DERTH TO Cals = 10416 Cv wATER DFPTH = 17748 (M

DELTF = 041250 NOe« BANDS = 16

N = 04550 M = (45506 CCD = 0a450

NUMBER OF ROWS = 11

PFRFORMANCE ESTIMATES

ENFRGY TRANSMISSION FACTOR = et 28
HEJGHT TRANSMISSION FACTOR = Ds733
SIGNIFICANT WAVE HEIGHTs INTIDENT (CM) = 1741
SIGNIFICANT WAVE HEIGHTs TRANSMITIFD {({M) = 13a56

RMS ERRUOR = (4073



ENERGY OENSITY ([M-5Q-/H/)

£ TN

A-36

EXPERIMENT 18
180 H
— INCIDENT SPECTRM
4+ MEASURED TRANGMITTED
144 T y  PREDICTED TRANGMITTED

108 7

27

FREQUENCY HD)

195 1,35

— MEASURED
+  PREDICTED




EXPERIMENT L19

FLOAT DIAMETER = 15424 CM CFFECTIVE TETHER LENGTH = 13446
X=SECTICNAL AREA = 182+fi CMaS7W VOLUME = 185343 CC

FLOAT SPACING = 20e48 M FLOAT DENSITY = 00400 GM/LC
DEFPTH TO Cele = 10«16 CM WATER OFBTH = 1778 (M

NFLTF = 0el1250 NQe BANDS = 16

Ch = 04550 ™M = 06550 DCO = Qe«45D

NEUJMBER OF ROWS = 11

PERFORMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR = Deb54
HETGHT TRANSYISSION FACTOR = CaR0OB
SIGNIFICANT WAVE ~SEI1GHTs INCIDENT (CM) = 175
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM} = laa?

RMS ERROR = N.046



ENERGY DENSITY (M- GQ-Hz)

EIR

A-38

EPERIMENT L1
120
. — [NCIDENT SPECTRIM
+  MEAGURED TRANGMITTED
9 T w  PREDICTED TRANSMITTED
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EXPFRIMENT L20

FLOAT DIAMFTER = 1524 (M EFFECTIVE TETHER LENGTH = 134 .6
X=SECTICNAL AREA = 182:4 CMe57 VOLUME = 1853.3 CC

FLOAT SPACING = 3048 (M FLOAT DENSITY = 0.06400 GM/CC
DFPTH TO Cale = 1016 CM WATER DEPTH = 17748 M

DFLTF = 0a1250 NOe BANDS = 16

LN = Ne550 M= D550 DED = CeuhD

NUMBER OF ROWS = 11

PERFORMANCE ESTIMATES

FNERGY TRANSMISSION FACTOR = Qe737
HETGHT TRANSMISSION FACTOR = 0a858
SIGNIFICANT WAVE HEIGHT, INCIDENT (CM} = 16e1

SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 1348

RMS FRIRQOR = 04042



ENERLY DENSITY (IM-SQ-7HZ}

ETR

EXPERIMENT LD
110
— INCIDENT SPECTRWN
+ WEASURED TRANGMITTED
a8 T »  PREDICTED TRANSWITTED

-

L
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0.75
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115 1-55 1.95
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+

—— MEASURED
+  PREDICTED




EXPERIMENT L21

FLOAT DIAMETER = 15424 (M FFFFCTIVF TETHER LFNGTH = 13446
¥=SECTIOMAL AREA = 18244 CVYaS5Q VOLUME = 1945343 CC

FLOAT SPACING = 3048 (M FLOAT DENSITY = 004006 GM/CC
VWPTH TG Cels = 1016 (¥ WATER DEPTH = 17747 (M

DELTF = Ne1250 NOs BANDS = 16

TH o= eB50 M = (06550 DCD = 0.450

NUMRBER OF RPDWS = 11

PFRFORMANCE FSTIMATES

L]

FNERGY TRANSMISSION FACTOR Qe762
HETGHT TRANSMISSION FACTOR DeB73
SIGNIFICANT WAVE HFIGHTs INCIDENT (CM) = 152
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (M) = 13a3

RMS ERRCF = 04047



& 7

70
i~
<
&
5
>
-~
&5 28
=
Lel
3
25
%:

147

£TK

EXPERIMNT 121

— INCIDENT SPECTRLM
4 MEAGLRED) TRANSMITTED
« PREDICTED TRANSMITTED




EXPERIMENT L22

FLOAT GIAMETER = 15426 CM EFFECTIVE TEYHER LENGTH = 132446
X=SFCTINNAL AREA = 1BZ24 CMaS0. VOLUME = 183,33 CC
FLOAT SPACING = 30+48 CM FLOAT DENSITY = NeN&00 GM/CC
NEPTH T Cele = 10480 ™M WATFR DEPTH = 1778 (M
OFLTF = Ne1250 NQe BANDS = 16
N = ({550 M = D4550 DCD = Qo450
NUMBER 05 ROWS = 10
DERFORMANCE ESTINMATES

FNERGY TRANSMISSICON FACTQOR = 0+380

HETGHT TRANSMISSIAON FACTOR = 0s616

SIGNTIFICANT WAVE HEIGHTs INCIDENT (CM) = bt

SIGNISICAMT WAVE HEIGHTs TRANSMITTED (CM) = 4 0]

RMS FPROR = (0a031



A=-44

EXFERIMENT {22

ENERGY DENSITY (CM-5Q-HZ)

— INCIDENT SPECTRLM
o MEASLRED TRANSMITTED
« PREDICTED TRANSMITTED

0.73 ' 1.-'1.5 155 195
FREQUENCY ()
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ETR
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+  PRJICTED
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EXPERIMENT L23

FLOAT DIAMETER = 15«24 CM FFFECTIVE TETHER LENGTH = 13446
X=SFCTIONAL AREA = 1B2¢4 (MaS5Qa VOLUME = 1853.3 CC
FLOAT SPACING = 3048 (M FLOAT DENSITY = Da0600 GM/ACC
NFPTH T7D Cale = 10,80 Cv “ATFR DFPTH = 1778 CV
PDFLTF = 0«1250 NOs BANDS = 16
(h = 04550 CM = (04550 DCD = 0450
NUMBER OF ROWS = 1D
PFRFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Ne238

HEIGHT TRANSMISSION FACTOR = 04488

SIGNIFICANT WAVE HEIGHT, INCIDENT (CM] = Ge9

SIGNIFICANT WAVE HEIGHTs TRANSMITTED (cMy) = 48

RMS ERROR = 74080



ENERGY DENGITY (OM-5Q-HZ)

£1R

A-46

EXPERIMENT L3
A0 +
— INCIDENT SPECTRUM
o MEASLRED) TRANSMITTED
R « CREDICTED TRANGMITTED

24 T
6T
g1
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0-3 0.75 1-15 1.85 1-85
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+  PREDICTED

_‘______ﬁ_‘h/""—/___




A-47

FXPERIMENT L 24

FLOAT DIAMFTFR = 15624 (M
X=SFCTIONAL ARFA = 18768 (Me50
FLOAT SPACING = 048 (M

NERPTH TO CTele = 10«80 M

NFLIF = NDealZ30

cn o= NeH50 M = De8HO
NIMRED GF ROWSE = 10

PERFORMANCE FSTIMATES

FNERGY TRANSVWISSION TACTOR
HEIGHT TRANSMISSION FACTOR =
SIGNIFICANT WAVE HEIGHT,
SIGNIFICANT WAVE HETGHT,

RMS FRROR = 0057

THCIDENT
TRANSMITTED

FEFECTIVF TETHER LFNGTH = 13446
VOLUME = 185%.3 (C
FLOAT DENSITY = 060400 GM/CC
NATER DEPTR = 17748 CM
NOs BANDS = 16
DCO = Det50
De274
0e523
(CM} = 116
{CM) = Bel



A-48

EXPERIMENT 24
4
| —  INCIDENT SPECTRUM
!\ + MEASIRED TRANSMITTED
2T «  PREDICTED TRANSMITTED
2
> 2471
S
>
‘g 16 T
£
2
= BT
O +; . 4 t
0-35 g-75 1-19 1585 1.95
FREQUENCY (HD)
— VEASURED
+  PREDICTED




EXPERIMENT L25

FLOAT DIAMETER = 15424 CM FFFECTIVE TETHER LFNGTH = 13446
X=SECTIONAL AREA = 18244 CMe5Q. VOLUME = 1853,3 CC

FLOAT SPACING = 30448 CM FLOAT DENSITY = De0a0n GM/CC
NEPTH TO Ceale = 10480 O™ WATER DEPTH = 177+8 ™

NDFLTF = 041250 NOe« RANDS = 16

N = 0550 CM = Ne55C DCD = 04450

NUMBRER OF ROWS = 10

PERFORMANCE ESTIMATES

ENFRGY TRANSMISSION FACTOR = Deb50
HETGHT TRANSMISSION FACTOR = 0+R0O8
SIGNIFICANT WAVF HEIGHTs INCIDFNT (CM) = 1761
SIGNIFICANT WAVF HEIGHTs TRANSMITIED (M) = 1348

RMS ERROR = 0,107
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EXPERIMENT L5
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A-51

EXPERIMENT L2726

FLOAT DIAMETER = 15424 CM FFFECTIVE TEYHER LENGTH = 134646
Xx=SECTIONAL AREA = 187484 CMaSQa VOLUME = 1853.3 (C

FLOAT SPACING = AN 4B (M FLOAT DENSITY = De0600 GM/CC
NEPTH TO Cebe = 17480 M WATER DEPTH '= 177.8 CM

DFELTF = N.1250 NOe BANDS = 16

£ = 04550 (M = 0e550 DCH = De&50

NUMBER CF ROWS = 10

PERFORMANCE ESTIMATES

ENFRAY TRANSMISSION FACTOR = G677
HETGHT TRANSMISSION FACTOR = Qa823
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 1745
SIGNIFICANT WAVE HETGHT TRANSMITTED (LM} = 1444

RMS FRROR = 0,043



ENERGY DENSITY (IM.5Q-/H/7)
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EXPERIMENT L26
120 H
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A-53
EXPERIMENT L27
FLOAT DIAMFTFR = 15246 (M EFFFCTIVE TETHER LERGTH = 134,.6
X=SFCTIONAL AREA = 1824 (Ma5Q VOLUME = 1853.3 CC
FLOAT SPACING = 30448 m™ FLOAT DENSITY = De4LC GM/CC
DFPTH TD Cele = 10680 C™ whiFR DEPTH = 177.8 C™
NELTF = [0e1250 NO« BANDS = 16
CN = 0.550 CM = Ge520 DCD = Qa452
NUMBER 0OF ROwWS = 10
PFREORMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR = Nla755

HEIGHT TRANSMISSION FACTOR = (4869

SIGNIFICANT WAVF HEIGHTs INCIDENT (CM) = 1641

SIGNIFICANT WAVE HEIGHTs TRANSMITTED (M) = ldaen

R4S FRROR = .038



ENERGY DENGITY (M-S0 HZ)
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EXPERIMENT L7
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FXPERIMFNT L?28

FILOAT DIAMETFR = 1574 (M EFFFCTIVE TETHER LENGTH = 13466
Xx=SECTICNAL AREA = 18284 CMaSQa VOLUME = 1853.3 CC

FLOAT SPACING = 30.48 (M FLOAT DFNSTTY = 060400 GW/CC
DFFETH TQ Cele = 1080 (M AATFR DFPTH = 17748 (M

NDFLTF = 041250 NOe BANDS = 16

Cho= 04550 CM = 0550 DCD = Cei45

MIIVAER OF ROWS = 10

PERFORMANCE ESTIMATES

ENERCY TRAMSMISSION FACTOR = Oe778
HEIGHT TRANSMISSION FACTOR = D.882
SIGNIFICANT WAVF HEIGHTs INCIDENT (CM) = 1542
SIGNIFICANT WAVE HEIGHT, TRANSMITIED (CM} = 13e4

"RMS FRROR = N.058



A-56

EXPERIMENT LB

ENERGY OENSTTY (DM-5Q.MZ)
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A-57

EXPERIMENT L29

FILOAT DIAMFTIER = 1%ec4& OW TEFECTIvE TETHER L=hGT— = 83a.8
y=5-CTICMAL AREA = 1824 CMaB50e JOLUME = 1R53e473 (C

FLOAT SPACING = 3068 CM TLOAT DENSITY = Saleun OMs0C
NEPTH TO Cele = 1270 €M NATFR DEPTH = 177+ OV

NELTF = 0.1250 NCe BANDS = 16

€ = 04550 CM =  ([a55C D = 0450

NUMBFR OF ROWS = 11

CERFORMANCE ESTIMATES

ERNERGY THRAMSMTISSICH FACTOR = Oe260
HETGHT TRANSMISSION FACTOR = 0510
SIGNIFICANT WAVE HEIGHTs INCIDENT ([CM} = beds
SIGNIFICANT wAVE HFIGHTs TRANSMITTED (CM] = a7

TRROR = Nei134



ENERGY DENGITY {IM-GQ-/HZ)
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EXPERIMENT 1.9

20t
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RMS FRROR =

EXPERIMENT L30

TFTebR LFNCTH =

FLOAT DIAMFTER = 1He26 M EFFFCTIVE
X=-5FCTIONAL AREA = 1RZ ¢4 (Ma3Qe VOLUME = 180343 CC
FLOAT SPACING = AN, 68 TM FLOAT DENSITY =

Cel e =

DEPTH TO 1270 ¥ AATER DERPTH =
RFLTF = (081257 NOe BANDS = 156
cno= 0550 Cv =  Ta550 Do = DedHD
NUMBER CF ROWS = 11
PERFORYANCE £5T{MATES

FNERGY TRANSMISSICN FACTOR = Nellb

HETART TRANSMISSION FACTOR = 04l

SIGNTEICANT WAVE HEIGHT, INCIDENT (CM) = FaG

SIGNIFICANT WAVE HEIOHT TRANGMITTEN (M) = 273

Ne0973

TeHTN GMACC
17744 (M

R TR



ENERGY OENSITY (M-S0 HZ)

ETR

A-60

EXPERIMENT 130

40
—— INCIDENT SPECTRIM
+  MEAGURED TRANSMITTED
2T w PREGICTED TRANSMITTED
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CLOAT DIAVETFR = 15246 OV EFEFCTIVE THT SR LELGTH F ek
x=SECTIONAL AREA = 1328 CMeSQe VOLUME = 155343 CC

Fr.oal SPATING = ITH TV Fioal DENSITY = Jeinwind GM/SCC
DEPTH T3 Tele = 12«70 M WATER DFPTH = 177en M

NFLTE = M. 12570 NC e BANDS = 16

N o= 34550 C¥ = Te550C PCH = 0e&d0

NiMPER OF ROWS = 11

PEQFORMANCE FSTIMATES

FNERGY TRAKSMISSION FACTCR = Os265
HETGHT TRANSMISSION FACTOR = Deh 35
SIGNTIFICANT wWAVE HEIGET S INCIDENT (CM) = Tl
CIeNIEICANT wavE WMETGHT s TRZANSMITIED (CM = S5e7

pvg FOROR = Na0D98
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A-63

EXPFRIMENT L3232

FLOAT DIAMETFER = 15.24 (M FFEECTIVFE TETHER LENGTH = 83.8
X=SFCTIOMAL ARFA = 12e4 (MaS0o VOLUME = 1R53,4,3 (C

FLOAT SPACING = 30,48 (v FLOAT DENSITY = Ne040C OM/CC
DFPTH TO Cabae = 15224 (M WATER LDERTH = 177.8 CM

DELTF = 0412506 NO. BANDS = 16

ch = 0550 Y = 0D.550 DCHR = De4b0

MUMBFR 0OF ROWS = 11

PERFOR“ANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Oe357
HEIGHT TRANSMISSION FACTOR = Ne598
SIGNLIFICANT WAVE HEIGHTs [INCIDENT (M) =
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM! =

1w e
G

RMS FRROR = NL079
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EXPERIMENT L33

FLOAT DIAMETER = 1524 (VM EFFECTIVFE TETHER LFNGTH = Rl.8
¥=SECTIONAL AREA = 18244 (MeSNe VOLUME = 1853.3 CC

FILOAT SPACING = 30848 CM™ FLOAT DENSITY = (00400 GM/CC
DEPTH TO CelLs = 15624 (M WATER DEPTH = 1778 ¥

DFLTF = N,1250 NOe BANDS = 16

CH = (6550 M = Ge550 DCO = 0.450

NUMBER OF ROWS = 11
PERFORMANCE ESTIMATES

ENFRGY TRANSMISSION FACTOR Delb7
HEIGHT TRANSMISSICN FACTOR = 0408
SIGNIFICANT WAVE HEIGHT,» INCIDEMNT (CM) = S
SIGNIFICANT WAVE MEIGHTs TRANSMITTEDL (CM) = 4 a

RMS FRROR = D.091



ENERGY UENGITY (CM-50- 2HZ)
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EXPERIMEN™ L33

©

{ — INCIDENT SPECTRUM
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EXPERIMENT L34

FLOAT DIAMFTER = 1524 (M
X=SECTIONAL AREA = 18244 (Ma50s
FILOAT SPACING = 33448 M

DFPTH T Cele = 15«24 M

NFLTF = Nel250

CN =  Ne550 v = (0550
NUMBER NF ROWS = 11

PERFORMANCE FESTIMATES

i

FNERGY TRAKRSMISSION FACTCR
HEIGHT TRANMSMISSION FACTOR
SIGNIFICANT WAVE HEIGHT,
SIGNIFICARNT WAVE HEIGHT

RMS FRROR = D077

INCIDENT
TRANSVYITTED

FFFECTIVE TETHER LENGTH = E3eH
VCLUME = 1853.3 (C
FLDAT DFENSITY = N QUi GMACC
WATER DEPTH = 177eR (CH
NOs BANDS = 16
DCD = Q450
TeZB3
Mlab 32
(C¥} = 116
{CvYy = Gel
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APPENDIX B

RESULTS OF FIELD EXPERIMENTS




EXPEFRIMENT 51

PMS FRROR = 04058

B S0

FFFECTIVE TETHER LFNGTH = 16740

FLNOAT DIAMFTER = 2921 ¥
Xx=SFCTIONAL AREA = 6E70al CMaSQs VOLUME 130649 e CC
FIOAT SPACING = 58a.41 CWV FLOAT DENSITY = D.0870 GM/CC
REPTH TO Caele = 21.90 CM WATER OFRTH = 600+0 CM
DFLTF = NeN19G N a BANDS 51

= 049550 ¥ = 04550 NCD = J.45%0
NUMBER OF ROWS = 10

PERFORMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR = D185

HE IGHT TRANSMISSION FACTOR = Qed 30

SIGNIFICANT WAVE HEIGHT» INCIDENT {(M) = 2545

SIGNIFICANT wAVE HEIGHTS TRANSMITTFD {(CM) 109
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FXPERIMENT 52

FLOAT DIAMFTER = 29421 CM
X=SECTIONAL AREA = 6701 CMo50.
FLOAT SPACING = 5Rsb1 (M

DERTH TO Cele = ?71.90 CM

NELTFE = 00199

Ch = 0550 v = 04550
NUMBER OF ROWS = 10

PFRFORMANCE ESTIMATES

ENFRGY TRANSMISSION FACTOR
HEIGHT TRANSMISSION FACTOR =
SIGNIFICANT WAVE HEIGHT,
SIGNIFICANT WAVE HEIGHT,

RMS FRROR = D075

INCIDENT
TRANSMITTED

FFFFCTIVF TFTHER LENGTH = 1670
VOLUME =  13049.4 CC
FILLOAT DENSITY = D070 GM/CC

WATER DEPTH = 6000 M
NOe BANDS = 51
DCD = 045D
NDa332
Ne576
(CM) = 2767
{CM) = 159
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EXPERIMENT 53

FLOAT DIAMFTER = 29421 CM FFFECTIVE TETHER LENGTH = 1670
X=-SECTIONAL AREA = 6701 CMa S0 VOLUME = 1304%.4 CC

FLOAT SPACING = 58a41 (M FLOAT DENSITY = CeDRTC GM/CC
DEPTH TO Cala = 2190 M WATER DFPTH = 5000 CM

PELTF = 0.0199 NOe BANDS = 51

o= 0e5%0 {4 = 04550 nen = Led50

NUMBER OF POWS = 1D

PERFORMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR = Da378
HEIGHT TRANSMISSION FACTOR = Deb15
STGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 25a1

SIGNIFICANT WAVE HETIGHT, TRANSMITTED (CM) 154

RMS FRROR = 004043



ENERGY OENSTTY ((M-5Q- HZ)

ETR

174 7

3B T

— INCIDENT SPECTRIN
L MEAGIRED TRANSNITTED
» PREDICTED TRANGMITTED

o



EXPERIMFNT 54

FLOAT DIAMETER = 29471 (M
X-SECTIONAL AREA = 670l CMeSQe
FLOAT SPACING = - 58441 CM
NFPTH TO Cele = 21490 CM

DELTF = 040198
ch = 0550 ™M = Oe550

| NUMRER OF ROWS = 10

PERFORMANCE £S5TIMATES

ENFRGY TRANSMISSION FACTOR
HETGHT TRANSMISSION FACTOR =
SIGNIFICANT WAVE HEIGHT.
SIGNIFTICANT WAVE HEIGHT

INCIDFNT
TRANSMEITTFED

EFFECTIVE TETHER LENGTH =
VOLUME = 13049.4 (C
FLOAT DENSITY = 0«0870 GM/CC
WATFR DEPIR = 60040 CM
NOs« BANDS =
DCD = Qea50

51

Os.415

D.6440

(CM} =
(CM) =

1670



ENERGY OENSITY (DM-50-7HZ)

ETR

B-8

EXPERIMNT 54
220
— INCIDENT SPECTRIM
‘ . MEASIRED) TRANGMITTED
75 1 / . PREDICTED TRANGHITTED
N
j
1% 1 |
.| \
¥
4 -
% it Af
0 + — + : . -
0.18 0.3 0.9 0.79 0.59
FREQUENCY (HD)
i } + 4 + +
— NEASLRED
+  PREDICTED




FXPFRINMENT 55

FLOAT DIAMFTER = 29421 €™ EFFECTIVE TETHER LENGTH = 16740
X-SECTIONAL AREA = 570s1 CMaSQs  VOLUME = 1304944 (C
FLOAT SPACING = 5Re41 CM FLOAT DENSITY =  7a0870Q GM/CC
DEPTH TO Cals = 21495 CM NATER DEPTH = 60040 CH

. DFLTF = 040199 NOs BAMDS = 51

. (D = 0.550 ¥ = 04550 DCH = 00450

| NUMBER OF ROWS = 10

PERFORMANCE ESTIMATES

; ENERGY TRANSMISSION FACTOR = Qet72
HEIGHT TRANSMISSION FACTOR = D687
SIGNIFICANT WAVE HEIGHT. INCIDENT {cM) = 213
SIGNIFICANT WAVE MEIGHT» TRANSMITTED {CM} = 14a6

RMS FRRCOR = NL061



ENERGY [ENSITY (IM-SQ-7/HZ)

ETR

70

108 1

54 T

B-~10

EXPERIMENT 55

|

— INCIOENT SPECTRIM
+ MEASIRED) TRANSMITTED
w  PREDICTED TRANSHITTED




EXPFRIMENT 354

FLOAT DIAMFTER = 2921 CM EFFECTIVF TETHER LENGTH = 16740
Xx=SECTIONAL AREA = 67081l CMaSDe VOLUME 13N49.4 (C
FLOAT SPACING = GBell (M FLOAT DENSITY = 03,0870 GM/CC
PFPTH T0O Cale = 2190 (M WATFR DFPTH = 600eN CM
DELTF = N.0196 NGO« BANDS 51
Ch = 04550 ¢v. = {550 DCO = Ge&bN
NMUMBER OF ROWS = 10
PERFORMANCE ESTIMATES

ENERSGY TRANSMISSION FACTOR = Cettld

HETGHT TRANSMISSION FACTOR = OebtS

SIGNIFICANT WAVE HEIGHTs INCIDFNT (CM) = 2148

SIGNIFICANT WAVE HEIGHT» TRANSMITTED (CM)

M5 FRROR = 04052

1"401



ENERGY DENSITY (CM-SQ-/HZ)

ETR

160 T

120 7

— INCIOENT SPECTRIM
+ MEASURED TRANGMITTED
s | PREDICTED TRANSNITTED




EXPERIMENT 57

FLOAT DIAMFTER = 29«21 (M
X=SECTIONAL AREA = 6701 CMaSQa
FLOAT SPACING = 58641 CV¥

RDFPTH TO Cele = 21667 (M

DFLTF = De11GS

Ch = 08550 M = (0a550
NUMRER OF ROwWS = 10

PFRFORMANCE FSTIMATFES

ENFRGY TRANSMISSION FACTOR
HEITGHT TRAKSMISSION FACTOR
SIGNIFICANT WAVE HEIGHTs INCIDEN
SIGNIFICANT WAVF FEIGHTs TRANSM]

=

Rv5 FRROR NeNE3

FFFECTIVE TETHER LENGTH
VOL UMFE 13049.4 CC
FLOAT DFEMNSITY 0.087C
WATFR DEPTH 60N« (M
NCs BANDS
DCD Nett50

1670

GM/CC

53

0«485
D636
T (CM)
TTED (M)



ENERGY DENSITY (CM-S0-/HZ)

ETR

240

144 7

~— INCITENT SPECTRIM
+ MEAGURED TRANSMITTED
% PREDICTEL TRANSMITTED

0-18 898 0-79 0.93

FREQUENCY (HZ)

— MEASLRED
+ PREDICTED




FXPERIMENT 59

Ft OAT DIAMETER = 29421 CM FFFFCTIVE TETHER LENGTH = 167.0
X=SECTICNAL AREA = 670e? (MeB0s VOLUME = 130494 (C

FLOAT SPACING = 58441 CM FLOAT DENSITY = De0RTO GM/CC
NEFPTH TO Cels = 21«90 C¥ WATER DEPTH = 600 N M

NELTF = 0,019¢ NCe BANDS = 51

(h = 0Na557 (¥ = 04550 DCN = JedHD

NUMRER OF ROWS = 10

DFRFORVANCFE FSTIMATES

ENERGY TRANSMISSION FACTOR = Det91
HEILHT TRANSMISSION FACTOR = Ne701
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 1840
SIGNIFTCANT WAVE HEIGHTs TRANSMITTED {CM} = 1245

RMS FRROR = 04076



ENERGY CENSITY (OM-50» HZ)

ETR

190
— INCIOENT SPECTRIM
+ NEASURED TRANSNITTED
52 T w PREDICTED TRANGMITTED
114 7
76 T
% T
0 ¥ T T L) T T L3 T
Q.18 0.8 09 0.79 g-93
FREQUENCY (HD)
i + t +
G




EXPERIMENT 59

FLOAT DIAMETER = 2921 W EFFECTIVE TETHER LENGTH = 16740
X=SECTIONAL AREA = 6701 CMaSQe VOLUME = 13049+4 CC

FLOAT SPACING = 58641 CM FLOAT ODENSITY = 040870 GM/CC
TERPTH TO Cebs = 27le50 (M WATER OFPTH = 60040 CM

NFLTE = N,012098 NCe BAMNDS = 51

N = 04550 (M = 04550 DCD = D450

NUMBER DF ROWS = 10

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Da4b
HEIGHT TRANSMISSION FACTOR = De&67T
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 176
SIGNIFICANT WAVE HFIGHTs TRANSMITTED [(M} = 117

RMS FRROR = N4036



ENERGY DENSITY (CM-50- HZ)

ETR

140

2 T

B4 T

1
B3

0-':'5
FREQENCY (HD)




FXPERIMFNT 510

FiL~AT DIAMFTFR = 2921 CM FFFECTIVF TETHER LENGTH = 1670
Y«-SECTIONAL ARFA = 670a1 (Me50 VOLUME = 13049s4 CC

FLOAT SPACING = SR,41 (M FLOAT DENSITY = Ne0BTQ GM/CC
EPTH T0O Calae = 7190 ™ ~ATFR DEPTH = 6000 €M

NELTF = N,0199 NOs PANNS = 51

€ = 04550 Cv o= 06550 DCHD = Oesd0

MWEER NF ROWS = 10

PFRFNRMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Ne&96
HE1GHT TRANSMISSION FACTOR = Oe 704
SIGNIFICANT WAVE HEIGHTs INCIDENT (Cvy = 170
SIGNIFICANT WAVE HEIGHT . TRANSMITTED (M} = 1240

RMS FFRNR = NeNT1



ENERGY DENSITY (DM-50- HZ)

ETR

B=-20

EXFERIMENT 510

— INCICENT SPECTRIM
4 NEASLRED) TRANGMITTED
«« PREDICTED TRANGMITTED

018 0-B 0.8 0.79 0.9
FREQUENCY (HZ)




EXPFRIMENT 511

FLOAT DIAMETER = 29221 M FFFECTIVE TETHER LENGTH = 16740

X=SECTIONAL AREA = 670el CMaSQe VOLUME 1304944 CC
FLOAT SPACING = 58441 CM FLOAT DFNSITY = Na0BT0 GM/CC
DEPTH TO Cels = 71490 CM WATER DEPTH = FOC e (M

| DFLTF = 0eD199 NOes BANDS 51

! CH = Ne5%0 CM = 0550 NED = Da4S0
NUMBER OF ROWS = 10

PERFORMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR D«796
HEIGHT TRANSMISSION FACTOR = 0e892
SIGNTFICANT WAVE HEIGHT» INCIDENT {CM} =
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (cvy

RMS FRROR = 0e1l4

4349
3G a7



ENERGY DENSITY (OM-50- HZ2)

ETR

B-22

EXPERIMENT 511

— INCIDENT SPECTRIM
. NEASURED TRANSMITTED
s PREDICTED TRANSNITTED




FXPERIMENT 512

FLOAT DIAMETER = 29«21 CM FEFECTIVFE TETHER LENGTH = 167

x=SECTIONAL ARFA = 670el (Va0 VOILLUMF = 1304%.4 CC

FLOAT SBACING = 58441 CM FLTAT DENSITY = D087 OGM/CC
SEPTH TC Cela = 2la90 M wWATFR DEPTH = 6000 CM
PELTF = 15,0199 {0s BANDS = 51

N = N850 M = D550 DCT = (a&bN

SUMBER DF ROWS = 10

DERFORMANCE ESTIMATES

FNFRGAY TRANSMISSION FACTOR = D.727
HEIGAHT TRANSMISSGION FACTOR = De853
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 31e0
SIGNIFICANT WAVE HEIGHTs TRANSMITIEN ((M} = 2685

RMS FRROR = N,073



ETR

ENERGY DENSITY{CM-50-/HZ)

B-24

EXPERIMENT G1P
970
] — INCIOENT SPECTRIN
+ MEASLRED TRANSMITTED
776 1 \ » PREDICTED TRANGNITTED
S
ol
194 T
0 4 4 } } .;.A.;'-v--..-_-_-_-- SAIREISE
g-18 oA -8 079 0-99
FREQLENCY (D)
{ 3 + : + : 4
— MEASRED
+ PREDICTED




EXPFRIVMFNT 513

SLOAT DIAMFTER = 29421 CM FFFECTIVF TETHER LENGTH = 16740
X=SECTIONAL ARFA = 670l CMaSDe VOLUME = 13049%9.4 (C

F1L.OAT SPACING = HRe&4]l (M FLOAT DENSITY = DeNRTH GM/CC
TERTH TO Calas = 2190 (4 WATFR DEFTH = 600N OV

SELTF = D,0199 NCs BANDS = 51

SN = NW550 M = 04550 nen = GedbD

MIDMRER OF ROWS = 10

PEFRFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Na672
HMETGHT TRANSMISSION FACTCR = D«R20
SIGNIFICANT WAVE HEIGHTs INCIDENT {CM} = 297
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = Fhets

SVE FRROR = N.087



ENERGY DENSITY (OM-50: /HZ)

£TR

B-26

EXPERIMENT &1

512 T

— INCIDENT SPECTRIN
. MEASURED TRANGMITTED
»« PREDICTED TRANGMITTED




EXBERIVENT Sla

FLOAT DIAMETER = 29«21 M FFFECTIVE TETHER LENGTH = 16740
X=SECTICNAL ARFA = £70e1 (MaSQa VOLUME = 1304%s4 CC

FLOAT SPACING = GGets]l (M FLOAT DENSITY = SWa0RTO GM/CC
NEFPTH TO Cale = 21492 (% WATFR DFPTH = 6206 M

PDELTF = NeN199 NOe BANDS = 51

cn o= Ne550 CM = 1,500 PCH = G450

MUMRER OF ROWS = 10

PERFORMANCE ESTIMATES

ENFRGY TRANSMISSION FACTOR = Detsb3
ME1GHT TRANSMISSINN FACTOR = 0«680
SIGNIFICANT WAVE HEIGHT INCIDENT (CM) = 233
SIGNIFTCANT WAVE HEIGHTS TRANSMITTED (C¥) = 15645

RMS ERROR = 2.060



ENERGY DENSITY (DM-GQ- HZ)

ETR

B-28

EXPERIMENT G14
280
— INCIDENT SPECTRIN
. MEAGLRED TRANSHITTED
204 1 A « PREDICTED TRANSNITTED
f
s
112 T
% 4
)]




EXPERIMENT S15

FLOAT DIAMFYER = 2921 (M EFFECTIVF TETHER LENGTH = 16740
X~SECTIONAL AREA = 670s1 CMeS0. VOLUME = 1304944 (C

FLOAT SPACING = 5Rel]1l (M FLOAT DENSITY = Q0«0RT0 GM/CC
DFPTH TO Cele = 21«90 CM WATER DFPTH = 6000 CM

NELTF = 040199 NQs BANDS = 51

Ch = 0.550 M = 04550 DR = Deb5D

NUIMREFR OF ROWS = 10

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Deb609
HEIGHT TRANSMISSION FACTOR = 0.805
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 24 eb
SIGNIFICANT WAVE HEIGHTs TRANSMITTEDR (CM) = 1948

RMS5 ERROR = 04051



ENERGY DENSITY (M-S0 /HZ)

B-30

EXFPERIMENT 513

510

— INCIDENT SPECTRIM
o NEAGRED) TRANSMITTED
« PREDICTED TRANGMITTED




EXPERIMFNT 516

FLOAT DIAMETER = 29221 ¥
X-SECTIONAL AREA = 670s1 CMs S0
FLOAT SPACING = FBeal (M

FEPTH TO Cels = 21«90 (O™

TFLTF = N4019€¢

N = 06550 CM = 04550
NUMRER OF ROWS = 10

PERFOFMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR
HEIGHT TRANSMISSION FACTOR
SIGNIFICANT WAVE HEIGHT
SIGNTIFICANT WAVE HEIGHT,

omE FRROR = 040556

INCIDENT
TRANSMITTED

FFFECTIVE TETHER LENGTH =
VOLUME = 1304944 CC
FLOAT DFNSITY = DWDBTD GM/CC
WATER DEPTH = 50N M
NOs BANDS =
DCD = Q8450

16740

51

DaS69%

Da754

(CMY =
tCMy =



ENERGY DENSITY(CM-50-HZ)

ETR

490

294 T

1% T

E-32

EXPERIMENT 516

— INCIOENT SPECTRIM
L VEASURED TRANSWITTED
«  PREDICTED TRANGMITTED




EXPFRIMENT S17

FLOAT DIAMETER = 29421 CM EFFECTIVE TETHER LENGTH = 1670
X=SECTINNAL ARFA = 67081 CMeS5Qe VOLUME = 130694 CC

FILCAT SPACING = 5864l (V FLLOAT DFNSITY = Ne0BTC GM/CC
NFPTH TO Cale = 21e90 ¥ WATFR DFPTH = 6000 M

DFLTF = 0.0196% NCe BANDS = 51

Ch = 04550 CM = 145530 BN = Dad3D

NMUMBFR OF ROWS = 10

PERFORMANCE ESTIVATES

ENFRGY TPANSMISSION FACTOR = 0525
HEIGHT TRANSMISSICM FACTOR = Oe724
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM} = 23.8
SIGNIFICANT WAVE HEIGHT, TRANSMITTED (™) = 1742

RM5 FRROR = Ne051



ENERGY DENSITY (CM-50-/HZ)

ETR

B-34

EXPERIMENT S1/
330
— INCIOENT SPECTRIM
’ +  MEASURED TRANGMITTED
a4 1 «  PREDICTED TRANSNITTED
198 T ‘
"y
‘ |
1% T \
<1
0
i

L]




RMS FRROR

EXPERIMENT 5184

FLOAT DIAMETER = 29421 CM FFFECTIVE TETHER LENGTH = 16740
X=SECTIONAL AREA = 6570e]1 CMaSQOs  VOLUME = 1304944 (C
FLOAT SPACING = 5Re41 CM FLOAT DFNSITY =  Ca0R70 GM/CC
DEPTH TO Cole = 2190 CM WwATER DEPTH = 6000 CM
NELTE = 040199 NOes BANDS = 51
D =  0a550 CM = 06550 PCD = Dek5D
NUMBER OF ROWS = 10
PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Ne524

HETGHT TRANSMISSION FACTOR = D724

SIGNIFICANT WAVE HEIGHTs INCIGENT (CM) = 25e7

SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 1846

= Na0H4G



ENERGY DENSITY (CM-50-/HZ)

TR

B-36

EXPERIMENT 518

270

ei6 T

Id T

108 1

— INCIOENT SPECTRIM
MEAGLRED TRANSNITTED
PREDICTED TRANGMITTED

-‘h




EXPERIMENT 519

FLOAT DIAMETER = 29421 (M EFFECTIVE TETHER LENGTH = 1670
X=SECTIONAL AREA = 670e1 Ma3Ds VOLUME = 1304944 CC

FLOAT SPACING = 58¢041 M FLOAT DENSITY = 0.0870 GM/CC
NEPTH TO Csle = 2150 M WATFR DEPTH = 60NN CM

NFLTF = 0,0199 NOe RANDS = &1

Ch = 0550 4 = Ca550 BCD = 0450

NUMBER OF ROWS = 10

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR 0573
HEIGHT TRANSMISSION FACTCR De757
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 287
S1GNIFICANT WAVE HEIGHT, TRANSMITTED {CM) = 217

RMS ERROR = NeN79



ENERGY DENGITY(CM-50-HZ)

ETR

B-38

EXPERIMENT S19
370
—— INCIOENT SPECTRIM
+ NEASRED) TRANGMITTED
2% T x PREDICTED TRANGMITTED
—_—
148 T
74 1 \
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; | ' ety
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EXPERIMENT 520

FLOAT DIAMETER = 29,21 CM EFFECTIVF TETHER LENGTH = 1670
X=SECTIONAL AREA = 670e]l CMaSDe VOLUMF = 1304%.4 CC

FLOAT SPACING = 58481 (W FLOAT DFNSITY = 040870 GM/CC
DEFPTH TO CebLe = 21«90 ™ WATER DEPTH = 6000 (M

DELTF = (040199 NOe BANDS = 51

Ch = 0Ne55%0 M = 0e550 DCE = 0e&B0D

NUMRER OF ROWS = 10

PERFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = De&B7
HEIGHT TRANSVISSION FACTOR = DabG8
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 243
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 1649

RMS FRROR = 04050



ENERGY OENSTTY (OM-50-HZ)

ETR

B-40

EXFERIMENT 520
210
| — INCIOENT SPECTRN
+ VEASIRED TRANGHITTED
188 T I,-’ PREDICTED TRANGHITTED
R
o -




EXPERIMFMT 521

FLOAT DIAMETER = 29421 CM FFFECTIVE TFTHER LENGTH = 1670
X=-SECTIDNAL AREA = 6T0sl (MeSQa VOLUME = 1304%9%.4 CC
FLOAT SPACING = S8eb4l M FLOAT DENSITY = 0,0870 GM/CC
NEPTH TO Cale = 2180 CM WATER DEPTH = 60N.0 ¥
PELTF = N,0199 NCe« BANDS = 51

= 0550 CM = 04550 DCD .= 04450
NJMBER OF ROWS = 10

PEFRFORMANCE ESTIMATES

ENERGY TRANSMISSION FACTOR = Oets67 -
HETGHT TRANSMIESSION FACTOR = 0683
SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 2466
SIGNIFICANT WAVE HEIGHT, TRANSMITTED (CM} = 168

RMS FRROR = N4059



ENERGY DENSITY (CM-50-HZ)

ETR

B-42

EPERIMNT 521

240

1% 1

144 +

8T

— INCIOENT SPECTRIM
+ NEASURED TRANSMITTED
x PREDICTED TRANGMITTED

o




EXPERIMENT 522

FILOAT DIAMFTER = 29.21 C® FFFECTIVE TETHER LENGTH = 1570
X=SFCTIONAL AREZ = 670el CMeSQe  VOLUME = 13049a6 CC

FLCAT SPACIANG = SRe4l ¥ FLOAT DENSITY =  0a0AT70 GM/CC
CFPTH TO Cela = 21490 C¥ WATFR DEPTH = 60060 CH

NFLTF = N40199 NOe PANDS = 51

Cho= 14550 M = De550 AN = 04450

LOVTRER OF ROWS = 19

PFRFORMAMCE FSTIMATES

ENFRGY TRANSMISSION FACTOR = D528
HETAHT TRAKSMISSION FACTOR = JeT26
SIGNIFICANT WAVFE HEIGHTs INCIDENT (CM) = 267

SIGMISICANT WAVE HEIGHT, TRANSMITTEDR (CM) 1940

RMG ERRDR = D062



ENERGY DENSTTY (M- 50- /HZ)

ETR

B-44

EXPERIMENT S22
420
— INCIDENT SPECTRIN
4+ MEASURED TRANSMITTED
3BT x PREDICTED TRANGMITTED
& F R
:
.:I\l
18 1 r ]
\ | 9\
{
g4 T "
\w
{ sy
0 — 4 4 + (Rl
0-18 0.8 0.-98 078 J.99
FREGLENCY (HD)
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—  MEASLRED)
4+ PREDICTED
+
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B-45

EXPERIMENT 523

FI.OAT DIAMETER = 27421 (M FFFECTIVE TETHER LENGTH =
x=SFECTIONAL AREA = 670e1 CMyS0e VOLUME = 13049,4 CC
FLOAT SPACING = SRadl (M FLOAT DENSITY = N«0870 GV rCC
NDEPTH TO Cals = 2190 (M WATER DEPTH = 60040 M
NELTE = Na0169 NDes BANDS = 51
Ch = Ne550 Cv = 0.%50 DCHh = NL50
NUMBER OF ROWS = 10
PERFORMANCE FSTIMATES

FNERGY TRANSMISSION FACTOR = 0s526

HETGHT TRAMSMISSION FACTOR = Ga725

SIGNIFICANT WAVE HEIGHTs INCIDENT (CM) = 23e3

SIGNIFICANT WAVE HEIGHT s TRANSMITTED ((M) = 16«9

RMS FRROR = 04056

1670



ENERGY OENGITY (CM-5Q-HZ)

ETR

B-46

EXPERIMENT &7

UE 4

— INCIDENT SPECTRIM
. NEASLRED) TRANSNITTED
«« PREDICTED TRANGMITTED

0-1B

0.8 379

3
' L o T

0-49




B-47

EXPERIMENT 524

FLOAT DIAVETFR = 2921 M EFFECTIVE TETHER LENGTH = 16740
X=SECTIONAL ARFA = 6700l CMaSQe VOLUME = 13049%9.4 CC
, FILOAT SPACING = 58e41 CM FLOAT DENSITY = CeQBTO GM/CC
. DEPTH TO Cele = 21290 CM WATER DEPTH = 60040 CM
i VELTF = NgN190 NOs BANDS = 51
i CD = 0455C CM = 0e550 DCH = 04450
. NUMBFR OF ROWS = 10
PERFORMANCE ESTIMATES
ENERGY TRANSMISSION FACTOR = 14556
HEIGHT TRANSMISSION FACTOR = OeT86
SIGNIFICANT WAVE HEIGHTs INCIDENT (M) = 2442
SIGNIFICANT WAVE HEIGHTs TRANSMITTED (CM) = 1841

RMS FRROR = Ne06]



ENERGY OENSITY (CM-50. HZ)

ETR

B=48

EXPERIMENT G624
B0
\ — INCIDENT SPECTRIM
- L VEASURED TRANSWITTED
08 1 \ «« PREDICTED TRANSMITTED
156 T \
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EXPERIMINT 525

FILOAT DIAMFTER = 29621 CTH
X=SECTIONAL AREA = 6701 CMaSQa
FLOAT SPACING = SR.41 CV

DEPTH TC Cels = 2190 Cv

NELTF = 00199

cn = 06550 CM = 0.550
NUMBER OF ROWS = 10

DERFORMANCE ESTIMATES

ENERGY TRANSMISSICN FACTOR
HEIGHT TRANSMISSION FACTOR =
SIGNIFICANT WAVE HEIGHT»
SIGNIFICANT WAVE HEIGHT,

RMS FRROR = N«060

INCIDENT
TRANSMITYED

FFFECTIVE TETHER LENGTH = 1670
VOLUME = 1304944 CC

FLOAT DENSITY = Da0RTT GM/CL
WATER DFPTH = 6000 CM

MOe. BANDS = 51

DCE = 04450

NeSlé

Ge717

(CM) =
(CM) =



340

ENERGY CENSITY (CM-50: HZ)
b

— INCIDENT SPECTRIM
+ VEASRED TRANGMITTED
« PREDICTED TRANSMITTED

ETR




B-:1

EXPERIMENT 526

FLOAT NDIAMETER = 79421 M EFFFCTIVF TETHER LENGTH = 167-0
X=SECTICNAL AREA = 67021 CMeS50e VOLUME = 13D049,46 (C

FLOAT SPACING = 58«41 M FLOAT CENSITY = GeR370 GM7CC
DEBPTH TC Cebe = ?la.90 ¥ wATER JFPTH = 6007 CM

DELTF = N,0199 e RANTS = 51

th = 06550 v = 0550 NCS = HedbDd

MUVEFR (OF RPOWS = 1C

PERFARMANCE FSTIMATES

ENERGY TRANSMISSION FACTOR = JeSuB
HETGHT TRANSMISSION FACTOR = DaT69
SIGNIFICANT WAVFE HEIGHTs INCIDEMT (CM) = 2547
SIGNIFICANT WAVE HFIGHTs TRANSMITYED (Cv) = 190

RMS FRROR = N.056



B-52

EXPERIMENT &b

ENERGY CENSITY (DM-5Q-/HZ)

— INIDENT SPECTRM
o MEASIRED) TRANENITTED

x PREDICTED TRANSMITTED

S I -

718 9.8 2.9 3.79 3-49

£TR

— MEASLRED
+  PREDICTED




