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PREFACE

This report documents the processes by which the US Army Engineer Water-
ways Experiment Station (WES) Shallow-Water Wave Model (SWWM) was applied to
the Atchafalaya River Delta Study to simulate a l-year wave climate. The work
described herein was funded by the US Army Engineer District, New Orleans.

The study was conducted under the direction of Messrs. H. B. Simmons
and F. A. Herrmann, Jr., former and present Chiefs of the Hydraulics Labora-
tory; R. A. Sager, Chief of the Estuaries Division; W. H. McAnally, Jr.,
Project Manager; and J. V. Letter, Jr., Task Coordinator. This study was
performed by Dr. Robert E. Jensen, formerly of the Wave Dynamics Division
(WDD), Hydraulics Laboratory, under the direct supervision of Dr. R. W. Whalin
and Mr. C. E. Chatham, Jr., former and present Chiefs, WDD. The WDD and its
personnel were transferred to the Coastal Engineering Research Center (CERC),
WES, on 1 July 1983, under the direction of Dr. R. W. Whalin, Chief of CERC.

A special acknowledgment is due E. M. Seeley, M. J. Kasper, and E. C. Stiles
for typing the original manuscript, and B. F. Vavra and M. B. Habeeb for
coordinating all activities with the final publication of this report.

Commanders and Directors of WES during the study and the preparation and
publication of this report were COL John L. Cannon, CE, COL Nelson P. Conover,
CE, COL Tilford C. Creel, CE, and COL Robert C. Lee, CE. Technical Director

was Mr. F. R. Brown.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain
feet 0.3048 metres
feet per second 0.3048 metres per second
knots (international) 0.514444 metres per second
miles (US nautical) 1.852 kilometres

square feet per second 0.09290304 square metres per second
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THE ATCHAFALAYA RIVER DELTA
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WAVE HINDCASTS

e

PART 1: INTRODUCTION

Background

1. Wind-driven water-wave motions in Atchafalaya Bay are thought to pro-

vide the energy necessary to place bottom sediments into suspension where they
can then be transported by wind-driven or tidally induced currents. Within a
shallow-water bay or estuary, where wind-driven currents are a major contribu-
tor to the hydrodynamics, wind-wave motions become more important. Therefore
quantification of the wave climate in Atchafalaya Bay becomes a critical ele-
ment in the overall objective of the Atchafalaya River Delta investigation.*
A l-year wave hindcast at 10 locations was performed to determine the climatic
variability. This information will be employed in a two-dimensional numerical
model for sediment transport to compute deposition and resuspension of bottom
sediments.

2. Results from the wind-field analysis task of the Atchafalaya River
Delta investigation indicated that winds measured in the bay during the period
1981-1982 were very typical for the area (Ebersole 1985); hence it is reason-
able to assume that during this time the wave climate should be characteristic
of those which normally occur. With the wave conditions estimated for a typ-
ical year, it can be inferred that historical changes in the bay can be based
on the l-year wave climate. The extreme wave events, such as the 10-, 20-, or

50-year event would not be identified because of the limited data source of

P{tﬁ_ 1 year.

Z;:; 3. A wave monitoring program was established to estimate existing wave
’f}; conditions at three locations in Atchafalya Bay (Figure 1). These results

" were used to verify an existing finite water depth spectral wave model. Once

2 verified, the model was employed to compute wave information in the bay for a

l-year period using prototype wind estimates as a forcing function. The final

* W. H. McAnally, Jr., and S. B. Heltzel. 1978. "A Plan for Predicting the ﬂé!

Evolution of Atchafalaya Bay, Louisiana" (unpublished), US Army Engineer
Waterways Experiment Station, Vicksburg, Miss. R
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tunctions for a given station. Although this formulation removes all temporal
variations in the wave c(limate, it presents the intormation in a more manage-
abie forem. The time-histories of the wave conditions (wave height, period,
and direction of wave propagation every 3 hr) at each station location have

heen saved on magnetic tape for future analvsis.

Cbjective

4. The objective of the overall project is tu develop a set of tools to
predict the evolution of the Atchafalaya River delta and the effects of that
evolution. One ot those effects is discussed in this report. The objectives
I quantitication of the wave climatc are:

a. FPrimary objective. Develop and employ an accurate spectral wave
model that includes wave growth and the mechanisms involved in
finite water depth wave transformations. Calibrate and verify
the spectral wave model based on prototype results. Once veri-
fied, generate a I-year wave climatology for the Atchafalaya Bay
areaq.

b. Secoundary objectives.

(1) Analyze measured wave information to establish a baseline to
estimate the confidence limits in the computed wave results.

(2) Determine from existing measured wind and wave information
the extent of the effect the Gulf of Mexico has un the
Atchafalaya Bav wave climate.

(3) Evaluate growth rate relations based on prototype wave in-
formation in finite water depths.

&
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PART II: MEASURED WAVE DATA

5. In the fall of 1981, a wave gaging program was initiated in the
Atchafalaya Bay area. Three pressure-type wave gages were deployed at the
positions shown in Figure 1. The wave gages were self-contained pressure-
sensing instruments (SEA DATA Model 635), mounted on the legs of existing off-
shore platforms as close to the bottom as possible. The gages were synchro-
nized, thus measuring wave conditions at virtually the same time.

6. The sampling interval for all gages was set at 1.0 sec, and the total
sample record was 1,024 sec, obtained every 3 hr. The Nyquist folding fre-
quency for a sampling rate of 1 sec is 0.5 Hz (2.0 sec); for waves with pe-
riods slightly above 2.0 sec, aliasing of spectral energy can become a problem.
However, water depths in which the gages were placed acted as low pass filters
and only frequencies greater than 0.6 Hz remained unreso}vable, reducing the
problem of aliasing to a minor effect.

7. Data tapes were retrieved from the gages and returned to the US Army
Engineer Waterways Experiment Station for processing. Wave spectra were com-
puted via a discrete Fast Fourier Transform (FFT) aad converted from a dynamic
pressure spectrum to a free surface spectrum according to linear wave theocy.
The spectral energy density® of the sea surface is related to the pressure

spectrum in the following manner:

2
_ [cosh (kd) .
F's(f) - [Cosh (kh) l.'p(f) (1)

where

Es(f) free surface energy density spectrum

k = wave number (equal to 2n/L where L is the wavelength) de-
fined at each frequency f , at a given local water depth d

d
E (f)
p

height of the pressure sensor above the hottom

pressure spectrum

The computed spectra (Eg(f)) are only approximations to the wave conditions
that exist at a given period of time and become dependent on the selection of

a particular analysis procedure. 1f a uniform technique is used for wave data

In actual application, the term E  does not have the units of energy but
rather of length squared.  This will apply to all variables called energy

found in this report.
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analysis, variation in E (f) will retlect the variation in the wave climate.
s

8. The characteristic wave height H" car then be computed where
mo
1/2AL
= 4/ E (f )i (2)
mo : g
/T
where
At = sampling interval equal to 1.0 sec
T = record length equal to 1,024 sec. -
The peak spectral wave period is defined bv ._-]
1 . .
T = — (3)
P fm .“?
: A -4
where tm = frequency at which the maximum spectral energy occurs., -
o
9. Certain criteria were established to Jdetermine the validity ot the 3
measured wave information derived from the pressure gages. During periods of ’*.&

time when extremely low energy levels were recorded, the FF1 routine employed
in the analysis would indiscriminately place Y0 perceut of the spectral energy
density into the first finite frequency band (0.0044 Hz). A peak spectral
wave period of approximately 227 sec would signify "bald"” or nonrepresentative
wave information. These results were set to zero and ignored in the remaining
analysis.

10, The transformation from a dynamic pressure spectrum (determined

from the time-history) to a free surface spectrum can also lead to erroneous

results. A measure of the uncertainty is found by an energy ratio given by
E _(f)
E s
A (4)
E (f)
P
where the overbar signified a weighted average over the frequency domain. The .

bracketed term in Equation 1 becomes very large for certain water depths and

frequencies.  Any error tound in Ep( ) would be amplitied in H\_ (f) , based .
(B3] . '~l
cosh (kd) 2

- (5)
cosh (kh)
fhe cutott between "good™ and "bad” wave information can be related to the
validity of the wave theory employed to transform Ep(f) to Hq(f) . A wvalue
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of 20.0 or greater would indicate that nonlinearities exist and the present e
techniques would not be adeyuate to resolve the free surface spectrum from .
pressure measurements. Although therve was a certain amount of subjectivity -;
associated with the selection of the cutoft timit, it did provide a uniform
standard to reduce the number of poteatially invalid wave results.
A
4
d
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PART 111: WAVE HINDCASTING TECHNIQUE

11. To accurately describe the wave climate within Atchafalaya Bay, two
types of techniques can be employed--wage gaging and wave hindcasting. Al-
though a network ot wave gages eventually would provide a good data base, the
expense involved to provide detailed coverage over the entire Atchafalaya Bay
region would be prohibitive.

12. A viable alternative to comprehensive wave gaging within the bay is
to hindcast the wave climate throughout the region of interest. Given enough
measured wave data within the area, a wave model can be calibrated and veri- }53
tied. Once the verification process is complete, the model can be applied to -
other locations within the full extent of the study area (assuming that the
physical processes affecting one location are similar at other locations).

Since three wave gages were deployed in different regions and sufficient wave

data were obtaived at each, it was expected that model replication of results -
at the three sites would infer accurate results throughout the bay. The only
assumption governing the model is that wind conditions remain uniform in both

speed and direction over the entire Atchatalaya Bay. Results from the wind

field analvsis indicate that this assumption is valid (Ebersole 1985).

13. Many different techniques are presently available to hindcast wave .
characteristics. These techniques can be subdivided into three categories: X
(a) empirical, (b) parametric, and (c¢) numerical. A detailed description of .;,5
these techniques can be found in Hsiao (1978) and Vincent (1982). A new wave ;1:

model, the Shallow Water Wave Model (SWWM), has been successfully employed in

) two previous studies (Garcia and Jensen 1983, and Jensen 1983a). The key to
f_ this new approach is that the resulting wave conditions are generated by trans-
éiA tormat ion mechanisms rather than transtforming wave conditions during wave
K?r propagation.  Computationally, it is more efficient to transform wave condi-
:f:' tions from one location to the next rather than simultaneously propagating and
:;ni transtorming sels ol wave conditions from point to point in a rectangular grid
b - -
ﬁ‘“ wstem as 1s done in ouomerical methods (for example, Resio 1981). The SWWM
Fx inclades wave prowth, nonlivear cnergy Lransters, wave shoaling. energy dissi-
&:ﬂ pation resunlting fioa wave decay, bottom triction effects, and wave hreaking.
r:i Mot transtormation mechanisys are evaluated parametrically, while the remain-
s
LH tng medhangams ave determined froom oemparvical ly devived retations.  The theo- I
vet g o development ot the SWWM oG bogefly presemied below.
16 .
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14. Hasselmann et al. (1976) introduced a parametric model of wind-wave -
generation relating the rate of energy growth to nondimensional characteristics
of the wind field. The energy growth (in space or time) is governed by a self-

similar process and veritied through extensive prototype data (Hasselmann

et al. 1973, 1976). In these studies, the dominant energy input to the for-

ward tace of the spectrum is related to convergence of energy flux due to non-

linear, resonant wave-wave interactions (Figure 2) of the form described by

I o m
ENERGY GAINED ON DYNAMIC EQUILIBRIUM ENERGY INPUT FROM
FORWARD FACE OF MAINTAINED BETWEEN WAVE-WAVE INTER-
SPECTRUM DUE TO ATMOSPHERIC INPUT ACTIONS LOST TO
WAVE-WAVE INTER- AND WAVE-WAVE VISCOUS AND TURBU-
ACTION SOURCE INTERACTION SINK LENT DISSIPATION
ATMOSPHERIC
SOURCE OF ENERGY
5 >
[
R
zZ3
> WAVE <3
£ SPECTRUM 5,
Z [E(f}/ w g
w (@] w
fa L2
> : w
2 =
w -
g s
w ol
< \ ®
w / \
R FREQUENCY \\ 9 _-"
SR _
e A -~
= /////////} N7
’Q___ WAVE-WAVE
Ff" INTERACTION
P SOURCE/SINK
[ [ 0]
n
.-
-
o Figure 2. Schematic representation of the nonlinear
AR wave-wave interaction
_}i; Hasselmann (1962). Studies by Mitsuyasu (1968, 1969) and Kitaigordskii (1962)
:175 also displayed similar results. Although these formulations were developed
;' for d%epwater wave conditions, they are used in the SWWM because the only
b
o N
b,
b -
q
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formulations of the nonlinear transfers are based specifically on JONSWAP type
wave spectra.

15. The rate of wave growth under ideal conditions of fetch or duration
limitations and a stationary wind field can be computed (Hasselmann et al.
1976). For growth along a fetch, the solution is

7.2 F

E = 1.6 x 10 'U° = (6)
o g

and for growth through time, it becomes

-10U18/7g-4/7t10/7

ED = 4.3 x 10 M

where

E = total energy resulting from a wind speed U (assumed to be over-
water wind conditions adjusted to 33-ft¥* elevation), blowing over
a given fetch length F

g = gravitational acceleration

t = time since the wind began to blow

16. Additional information required to quantify the distribution of Eo
given in the form of an energy density spectrum is the nondimensional peak
frequency ?m and the Phillips equilibrium constant o (Phillips 1957), as

shown in Figures 3 and 4. These parameters are written as

a = 0.076X 022 (8)
and
¥ o=k (9)
where % is the nondimensional fetch length
= (10)

N
X

CN IO’_?_’

17. Although Hasselmann et al. (1976) found that wave growth followed
the parametric torms detined in terms of distance and time, it is shown that

for all wave-generating conditions in Atchafalaya Bay, wave growth is ade-

quately described only by spatial variations. Therefore it becomes & matter
A table ot factors for converting US customary units of measurement to

metric (S1) units is presented on page 3.

12
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Figure 3. Nondimensional peak frequency ?m as a

function of nondimensional fetch length % (from
Hasselmann et al. 1976)
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ab comparing the prototvie results (Hmu, Tp' and E{f)) with the hindcast
vodel that emplove Lonstions b, 8, and 9.

1. The pacameterczatton of the wave growth s somewhat restricted so
that when the nondimenstonal peak frequency attawns a value of 0.13 or less, a
tubfv developed sea <tate 1+ ackieved and wave growth is halted. Over long
teteh tengths and Jow wind speeds, this condition can occur to some degree of

regularity.

where

Atter each

evaluated to

nated; and

Wave decay

Thus Equations 6, 50 and 9 are thea redetined by

- (11)

dependent parametoers
nopvarying parameters (and constants)

increment counlev pavameter

N
independent parameters (F  and X) found in Equations 6-10

discrete fetch length
{
m
wave decay is initiated for the remainder of the fetch length.

Fi , the nondimensional peak {requency is

determine it 0.13 If this occurs, wave growth is termi-

is parameterized following the work conducted by Bretschneider

(1952) and Mitsuvasu and Kimura (1965} ftor fm , the peak frequency (where
s

fm = fmg/U), while the total energyv decav rate follows that described by

Jensen (1983hb) .

19.

Wave conditions generated in a given body of water also must include

dispersion etfects resulting trom finite water depth conditions.

When the

one must consider the conservative

water depths vary from Fi Lo Fi*l ,
transformat ion mechanisms of shoaling and vefraction. Wave shoaling is deter-
mined trom the evaluation ot group speeds governed by linear theory. Wave re-
fraction 1s neglected under the assumption that:  wave conditions found in
Atchatalava Bav appear to be antluenced by changes in the wind direction over
changes o the recton o wave propagation caused by variations in the bot-
tom topographyv,  Thir assumption was veritied from the prototype results.

20 Fionte water depth condrtiuns also tead to bottom dissipation ef-
et on the yoowing scas.  hioergy foswes associated with bottom friction are

emprricalls

Rretschne ) d

wodebed nnaing the tollowing sets of equations developed by

and Regd (1994

el
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ffEl¢fAFif;
E = El —_—RS——— (12)

where .
E = final total energy at Fi
E. = original total energy at Fi-l
ff = nondimensional friction factor (set at 0.001)

AFi = distance of wave travel within the discrete fetch length
2k . h, -1/2
ii
= +
KS tanh (kihi) 1 sinh (Zkihi) (13)
and
3 ]
0. = 647(3 KS (14) :
- inh h. T
f 3g2 sin (2k1h1) ol
where ?fi
ki = wave number (ki = 2n/Li)
Li = wavelength evaluated for fm i

h. = water depth at Fi

21. The most puzzling feature in all the measured results, regardless of
the wind and presumed direction of wave propagation, was the lack of high wave
conditions. Comparison of this wave-producing environment, based primarily on n

geographical and bottom topographic constraints (fetch lengths and water

depths) and wind intensity, with previous studies (Jensen 1983b, Garcia and
Jensen 1983), showed that "mo and Tp results were expected, on the average,
to be 2 to 4 ft and 3 to 5 sec, respectively. However, the prototype results
showed mean conditions of 0.5 to 0.8 ft and 2.0 to 2.5 sec. There is substan-
tial evidence Lo attribute part of the energy loss to wave/soft-bottom interac-
tions. If this is true, frictional losses would be minimal, based on the sedi-
ment type associated with the two processes. Frictional losses are, in general,
related to the sediment size; as the mean grain size increases, so will the
shear stress (and thus the work done by the bhottom orbital velocities). Thus
the friction factor is set one order of magnitude smaller (compared with
Bretschneider and Reid 1954, Hasselmann and Collins 1968, or Hsiao 1978) to
reduce the energy loss due to bottom friction. For soft-bottom interactions,

the rate of energy dissipation will increase (Gade 1958, Dalrymple and Liu

15




P

.

e i S s an e e an 4

.

«
PR
.
.

T T - T —
1978, and Forristall and Reece 1984) with a tiner grain size. Since Atchata- "
taya Bay bottom sediments are derived from the riverine environment, one would f;
he led to believe that wave-soft bottom 1nteractions would superscde wave- i‘;
bottom trictional losses. -—?
22. The second theoretical aspect of SWWM deals primartly with the dis- iq

tribution of the total energy (E )} in the form of a onc-dimensionat discrete

: o
t requency spectrum (E(f].)). Through the use of similarity principles,
Kitaigordskii, Krasitskii, and Zaslavaskii (1975) extended Phillips' deepwater

hypothesis (Phillips 1958) of the equilibrium range in the spectrum ot wind-

generated surtace waves to finite depth conditions. The spectral form is de-
fined by
. : -4 - .
E(f. ) = (xgz(2n) f,5¢(w ) f.>f (15)
J ] h J - m
where
E(fj) = energy density at each discrete frequency band, fj
¢(wﬁ) = nondimensional function dependent on wy given by
h 1/2
w = zm;(—) (16)
h i\g

The function ¢(wh) varies from 1.0 in deep water to 0.0 when h = 0.0 , as

shown 1n Figure 5.

o~
N\.C
3
F{winhig)
Figure 5. The universal dimensionless function ¢ (solid curve)

‘¥
and the tunction w;/z (dashed curve) from Kitaigordskii,
]

Krasitskii, and Zaslavaskii (1975)

16




: gn o
’

vy

P
. .
e

i NAR

—y

A e S Al Ak S Bt a e Ui oSSt e e S Shi Sl b b eas ol Sl Al SadlJiath S Nl malh Yk And St Send Jund Ani aundh g Sush P
A a 3 SVe N . S . e -

When w is less than 1.0, ¢(wh) can be approximated by:

d(w ) = bt 17
(wh) =, W (17)

and therefore

) =3

ECE) = ugh(zn)"fi‘ fo> f (18)

o —
=

-5 -’;

or the spectral shape changes from an t > to an f ° in the tail ot the
energy density spectrum, and more importantly, becomes a function of the water
depth.

23. The forward face of the spectrum is assumed to be represented by:

2 -4 _-5 fm \
E(fj) = ag”(2n) fm exp {1 - ra ¢ (wh) fj < fm (19)
J
where ¢'(wh) is evaluated trom the wh defined at fm . Field and labora-

tory data by Goda (1974), Thornton (1977), Ou (1980), Iwata (1980), and Vincent
(1981) support the form given by Equation 18. The verification of Equation 19
can be found in Vincent® and is supported in Jensen (1983a).

24. The parametric representation of wave growth assumes a dynamic
balance between atmospheric sources and transfers of energy resulting from
wave-wave interactions (Figure 3). This parameterization was based on deep-
water wave conditions (Hasselmann et al. (1976). During a recent study it was
determined that over moderately short fetch lengths (10 to 20 n.m.), this
deepwater growth rate expression (Equations 6 and 7) consistently underpre-
dicted the total energy found in the measured data (Garcia and Jensen (1983).
The only theoretically consistent location to add the energy would be on the
forward face of the spectrum (Figure 6). The function, E(f,h) is the

THEORY
saturated spectrum based on Equations 15 and 19, and E(f’h)WEIGHTED is the
spectrum based on Eo after wave growth. This process also shifts fm to o
lower frequency which has been noticed in field data (Vincent®*<). As the

fetch length increases, the relative amount of added energy decreases, where

* Personal communication, C. L. Vincent (1982a), US Army CERC, Fort Belvoir,
Va.

Personal communication, C. L. Vincent (1982b), US Army CERC, Fort BRelvoir,
Va.
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eventually no additional energy is incorporated into the resulting spectrum.
25. It has been shown that the water depth greatly influences the spec-

tral shape and in so doing will influence the maximum wave condition. The

parametric formulation follows the work conducted by Vincent (1981). The o
depth-limiting maximum wave condition is given by ,:
* s,
Moo= 4 ffE(f) df (20) «;J
c
where
Hnl = maximum wave condition
fC = lower frequency bounding the total energy (equal to 0.9 fm)
E(f) = from Equation 15

Integrating Equation 20, one obtains the absolute limit on the wave condition

at a particular water depth where

1/2
- Legh) — (21)
m nf
c
26. In summary, the physical process governing wave generation and

transformations has been theoretically determined using available, 'state-of-
the-art" techniques. It must be emphasized that not all shallow-water trans-
formation processes have (or can be) measured to determine their relative
effect on the total energy, spectral shape, and peak frequency. Therefore the
development of the SWWM as employed in this study models the physics of the

problem in a general sense while maximizing computational efficiency.

Nondimensional Parameter Comparison

27. Initial comparisons between gage data obtained at WG-25, WG-66,

and WG-68 and hindcast results were consisteatly off both in terms of H

mo
and T‘ . The SWWM overpredicted the measured wave results by a factor of 2,
)

regardless of wind speed or direction, for all three gage locations. Differ-
R ences in deepwater and shallow-water wave growth are in the ratio bhetween
AR
:; the phase and group speeds of each frequency component of an energy spectrum.
: Although the same amount of momentum is input to the wave field in shallow
p- - .
}'. ; water, the amount of energy along a fetch length is only 1/2 of its deep-
L,,-, water value., The wave heights are then I/Ji smaller than those predicted
o
pr
r.
.. 19
. -
e
o
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for wave generation in deep water (Resio 1982). This assumes that refraction,

shoreline, and energy loss mechanisms are small. Therefore part of the over-
estimate can be attributed to the deepwater growth rate expressions (Hassel-
mann et al. 1976) applied to finite water depth conditions. Since the model
employs parametric relations for the total energy and peak frequency adapted
trom deepwater results (Hasselmann et al. 1976), it was anticipated that these
relations were inappropriate for Atchafalaya Bay. Figures 3, 4, and 7 dis-
play nondimensional trequency (?m), Phillips equilibrium constant (o), and
nondimensional energy (E) plotted as a function of nondimensional fetch length

Y
(X), respectively (from Hasselmann et al. 1976).

J T T T T T
10°F ~ 9 4 ,? -
E=o2E/U
104 -
]0'5 p— wnnd
Ju
]0'6 o H —
«
a BURLING (1959)
07k o MITSUYASU (1958)
m HASSELMAN
. et al. {(1976)
L i T S I T
10 1 100 102 10 104 10°
X

- Figure 7. Nondimeusional energy versus nondimensional
- fetch (from Hasselmann et al. 1970)
&:'f 28.  As the nondimensional tetch length increases (in Figures 3, 4, and
h. 7) the data tend to diverge from the titted curves. This divergence is more
! dAramatically shown in the measnred data obtained o Atchatalaya Bay. Taking

onlv wave conditions generated from winds blowing over a finite fotel leagth

{omitting winds trom the south), the identical nondimensional parameters were

., P
s . ..
B P

v

computed and plotted in g similar fashion (Figures 8, 9, and 100, Both Hassel-
. . N
tann’s parametrice relation (Hassetmann et al. 1976) and o least squares (it on -y
<)
s
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Figure 8. Nondimensional energy versus nondimensional fetch
employing Atchafalaya Bay wave data

b

3

d the Atchafalaya Bay data are plotted. The Atchatalava Ray data (dimensionless
; ] 2 ) . . .

t fetches X > 107) also show the divergent trends evident in Hasseimann's data
- N N Y
® for E and Fm versus X . The scatter tound 10 the plot of « versus X
E‘ (Figure 10) talls within the range established by Hasselmann et al. 1976 (Fig-
ol ure 4), although the equations for the two lines are slightly difterent. As-
2 suming the measured data correct (total energy, peak trequency, wind speed,

h

" ’ and fetch length), new relations for wave growth over fetch lengths and the

dependency of the peak frequency on the fetch length are established. These

T
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relat tons are also based on the growth characteristics only over a finite dis-

v

Saricse rather than over time aod infinite tetch. The equations for the nondi-

v Y Y Y
» e

) censaienc b ener g and oneoab Looaaeucy as g tunction of fetch, employing the

1

Atchatabava Bav data, are:

p . -7 0672
X

[ .50 10 (22)
. 0. 241
. A A, - ‘
ro= 2,07 X 2 (23)
...'. tn
."h
2 22
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Ny
tor these variables with respect to the nondimenstonal fetch X vietda

Here, n_ = -0.24 , n = -0.35 , and
f o

E
results.

n., = 0.67

~ -0 24 Y N (b 6T =, 35
f o X R SRS SR yooxoN {24
m
: L ~ -4
For a selt-similar spectrum FE « ot caccordingiy, the relation between
N N n ’
fm . bk, and « can be constructed and the expuonents nf . nF ,and o T
) U
. N Y . . ’
the power laws tor f  , E , and « should satistv the tollowing relations:
m :
G -+t . = 0 (25)
o S

tor the present tield data

Substituting these values 1nto the ubuve relation vields:

4(-0.24) - (-0.35) + 0.67 = 0.06 (26)

The resulting value of 0.06 lies well within evror bands estimated {rom the

individual error band of each curve-fitted exponent.

[t is reassuring to find

that the Atchatalaya Bay wave information and the new tetch-dependent rela-

tions retain the notion that the spectrum follows the self-similar trends

established in Hasselmann et al. (1976).
30, Equations 22 and 23 can be combined
Y
4 tunction of t‘m . This relation will now be

and only externally related to the wind specd,

~ -6
E=4.19 <« [0 f

Y
to yvield a solution to E as

independent of tetch length,

given by:

7C
79 (271

The measured results are nondimensionalized and piotted in Figure 11.  In sim-

plistic terms, Equation 24 fultills stability requirements on the wave torm,

Y
since the wave height can be related to E |, and the wave period can be re-

.
lated Lo f
m

Knowles (1982) equational forms are plotted.

Along with Equation 27, the Hasselwmann ot al.

(1976) and

The latter study confines its

wave measurement program to finmite depth conditions (approximately 6 ft) o

restricted-tetch estnary.

Y
versus X

Y4

versus results compared satistactorily.
m I

the Hasselmann et al. (1976) curve appears to

24

Y
Although Knowles found that FE

. N
versus X and .
1

would not coincide with Hasselmann's deepwater results, the F
From Figure 11, one tinds that

be an upper limit to the
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Figure 11. Atchafalaya Bay wave data represented by nondimensional energy

versus frequency

Atchafalaya Bay wave results, whereas the Knowles (1Y982) curve passes more
closely through the measured results. As expected, Equation 27 plots through
the midrange of the results hecause ?m and F relations were derived from
the method of least squares. The curves show that the Atchatalava Bay results
follow deepwater "'steepness' (the ratio of height to wave period squared) con-
ditions, because the slopes are nearly parallel: but the magnitudes 1o the
steepnesses are much smaller. For example, consider o wind speed of 10 knots

(17 ft/sec) and a peak frequency of 0.286 Hz ('I'P = 3.5 sec), the Atchaftalaya
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Bay curve will result in a characteristic wave height of 1,03 ft whereas the
Hasselmann curve will yield a height of 1.93 ft. This supports the earlier
findings that because of the physical constraints to the Atchafalaya Bay wave
environment, employing Hasselmann et al. (1976) nondimensional formulations of
£ and ?m will result in a large error in the computed wave conditions.
This is not to say Hasselmann et al. (1976) are incorrect but proves that
any variation in the environment will warrant a careful study of the wave
mechanisms.

31. One can continue the analysis one step further by relating the non-
dimensional energy based on measured results (EM) to computed results (EC)
derived from the new growth rate relation found in Equation 22. The nondimen-

sional energy based on measured results is given by:

2
Y
Ey = Ey UJZ— (28)
10
where
EM = total measured energy
g = gravitational acceleration
UIO = wind speed measured at a 33 ft (10 m) elevation above the water

surface

Figure 12 shows the distribution, based on Hmo results greater than 1.0 ft.
There is a great deal of scatter above and below the line where EM = EC ’
establishing that over an average the new growth rate curve will both over-
and underestimate a resulting total energy and not be consistently biased

toward one direction.
Test on Assumption ot Local Wave Generation Only

32. One major assumption governing the hindcast portion of this study
1s that wave conditions found within Atchatulaya Bay are primarily generated
within the region (i.e., little energy is propagated into the bay from the
Gulft ot Mexico). Three storm events occurred during the wave measurement pro-=
pram where sontherly winds {(winds blowing from the south) occurred tor at

beast o 2-day period of time.  These wave records were compared to determine

the level ot energy propagated into Atchafatava Rav.
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Figure 12, Comparison between measared and computed nondimensional

energiles

33, Storm A, which occurred from 25-27 November 1981, displaved wind

speeds on the average ot 8 knots, and the wind direction was predomunantly

trom the southeast (Figore 13). These waind condithions were relatively con-

stant ot

heonghout the Gulf ot Mexico (the wind speed obtarned trom a buoy

lo-

cated approximately 200 o.m. south ot the bav). Theretore the phvsical tactors

(the wind speed, duration, and tetch lengths) were capable ot producing large

wave conditions as g resull ot the long fetch length and leagthy duration

e

maximim wave conditions observed at WG-68 tor this period were on the order ot

1.25 tt

with o corresponding 'l'l ot 7.0 sec (Figure 14).  Assuming that
)

the
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Figure 15. Wind data for Storm B

36. The signature of Gult-generated waves can be identified as long-
period (or low trequency) wave conditions. As these waves propagate into
shallow water, they are more susceptible to energy loss mechanisms associated
with wave~hottom interactions, in comparison with short-period (2 to 4 sec,

locally generated) waves. Forristall and Reece (1984) reported, via a wave
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measurement program in the Gult ot Mexico, that the wave altenuation can be
large. The degree of attenuation was strongly celated to a deepwater wave
amplitude and the rate ot energv loss caused by wave-soft bottom interactions
tollows a reasonably consistent pattern. Although their wave characteristics
and water depths are greater than those tound o the Atchafalaya Ray area, the
i

R . Z . N
nondimensional wave height and water Jdepth (H/gT and  h/gT ) are both con-

sistent. Therefore the prucesses causing extreme energy losses in both dJdata
sets can be tdentified. Figure 17 displavs the computed spectra for WG-68,
WG-25, and WG-66 tor a particular time during a southerly wind-producing storm.
All three spectra show the peak spectral density occurring near 0.13 Hz. What
must be noted (s that at the bay entrance (WG-68) the long-period waves domi-
nate the system. As the spectra propagate into the bay, the overall spectral
shape remains intact but loses a large amount of energy (80 percent loss at
WG-25 and 90 percent loss at WG-66). This loss can only be explained by the
absorption of energy from the wave system into the sea floor. Energy losses
associated with bottom friction effects are nonlinear (Collins 1972). Because
of the nonlinearities, the effect of this mechanism would transform the spec-
trum into a new shape, shifting the peak frequency to a higher value. As
shown in Figure 17, the spectral shape for all three locations remains vir-
tually unchanged, suggesting a mechanism that can be functionally related by
an exponential decay (Hsiao 1978).

37. Hence, long-period wave conditions once generated in the Gulf of
Mexico will not sustain their energy level in Atchafalaya Bay. One may also
conclude that the reasons for a paucity of large wave conditions (3 to 6 ft)
within the bav can be caused by this wmechanism.

38. The final storm (Storm C) occurred tfrom 2-4 January 1982 (Figure 18)
and produced wind speeds of approximately 10 knots. The wind direction slowly
changed from 100 deg to approximately 230 deg over the 2-day period. Compari-
son of the Hmo results obtained from WG-66 and WG-68 (Figure 19) again demon-
strates that the wave climiate is nearly uniform within the bay. The Hmo con-
ditions are slightly higher at WG-68, but throughout the storm both gage re-
sults show very similar trends.

39. Although the wind direction tor Storm C is from the southeast
through the south, the effect of Gult-generated waves found at WG-68 is sig-
nificantly diminished when compared with the two previous storms. This storm

sequence points ont that not all southerly winds produce long-period waves at
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the entrance of Atchafalava Bay. The wave period oscillations found at WG-68
are caused by a two-population wave system that is nearly i1dentical at the re-
spective peak energies. Figure 20 displays the estimate of energy dJdensity
spectrum at WG-68 on 3 January 1982, 0000 hour. There are two primary peaks
(0.16 Hz and 0.41 Hz, signitied by the arrows) where the energy densities at
these two frequency bands are virtunally the same. Only slight changes 1n the
relative amount of energy found in either frequency could shift the Tp value.
Since neither the 0.16 Hz nor the 0.41 Hz energy density dominates the wave
climate, there will be oscillations 1n the Fp results.  In general, this spec-

trum characterizes the wave conditions at WG-68, a twa-peaked spectrum where

10 = T T T TTT7T7 T T T TT T

. ATCHAFALAYA BAY :

050 = 82010300 —
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Figure 20. Spectral estimate tor WG-68 depicting a two-population
wave system, Gulf-generated (0,16 Hz) and locally generated
(0.41 Hz)
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the two-popuiation wave o Len ia caiatly werghted 1o terms ot the relative
amonnt ol ener gy

4. In summary, the dats preseited show that waves generated 1o the Gulf -
of Mexice exintl gt the entrance to Atchatalave Bav, but are Pimited i the num-

ber of ocounrrences and aiso 1o the amonnt ot encergvy they contain.  Hven 1t the }

cnergy propagiates apto the poy, the wave characteri=tics transtorm tnto another

spectoal torm where only o small amount of energy s present at the lower fre-
quency and the majority is toand ot treguencies associated with locally gen-
cveated conditrons.  Iheretore the assumption that Atciatalaya Bay is cut off
trom the Galt ot Mexico and wave conditons tound 1n the bay darve generated in
the Tocal area is veratiable . Rother then cot the bay off at Point Au Fer -
Shelt Feet the "teccb-Timtatvon-tine” s drawn at the 12-ft contour outside

the bayv {(Figure 1) to cepresent wave conditions {from the south more realisti-

cally.  The fetoh Dhimitation within the castern bay was also assumed due to the

complreated delta and dredged woterial associated with the river channel. -

vave Hindcast Model Verification o
41, Veritication ot the wave hindcast model is an i1mportant facet of -
the hindeast stady.  As previously discussed, adjustments in the growth rate
relations according to Atchatalaya Bay wave conditions were necessary to better
approximate the gage results. Those equational forms fulfilled the self- oo

similar spectral trends established by Hasselmann et al. (1976). All the =

parameters and equational forms were generated on an individual basis (i.e., =
- the total energy as a function of fetch length, the peak spectral frequency as
a function of fetch length, and the Phillips equilibrium constant as a func-

tion of fetch length). The verification test is to incorporate the newly es-

sy Tvve
o

tablished growth rate formulations in the wave model and perform comparisons

MR

between prototype and hindcast wave estimates. These comparisons then would

verity:

[
! a.  lt the wind divection and speed are uniform over Atchafalaya '

. H.;_V. . '
T h. It the growth rate expressions and the transformation mechanisms -
4 . o
b incorporated 1n the SWWM generate comparable wave estaimates for
: the tirree gape Tocat tons.

] . The overasll validity of all subscequent wave hindoast estimates
r‘ generated by the SWWM o0 Atchatalava Bay. e
. '8 .

T T




42. The procedures used to verity the model are as follows. For each
set of wave gage results, the wind information is used precisely as that in
the hindcast portion ot this study following the techniques described by
Resto and Vincent (19761, The wind data are used to generate a time-varying
wind tield to drive the wave model. The computed wave characteristics Hmo
and l') and spectra  E(t) are then plotted against the gage estimates and
compared accordingly.

43, The goal ot the hindcast model development portion of this study
was Lo ncorporate all theoretically sound transformation mechanisms into the
SWWMoand utilize as much wave gage intormation to adjust growth rate sequences
compatthle with the Atchatalaya Bay asrea.  In the end, all coefficients were
treated as preestablished constants and were never changed from site to site.
Thee comparisons shown here do not represent attempts at calibrating or adjust-
tng the model but serve as a verification of the wave growth and transtorma-
tion processes established in the tramework of the wave model.

44, Simple yet descriptive techniques are used for the comparisons
(r.e., time=history plots, cross plots, and percent occurrence plots). The
last ot these types of comparisons is probably the most indicative of the
abrlity of the hindcast wave estimates to represent g wave climate accurately.
he haindcast wave results are paired according to the gage observation. These
patred estimate techniques are used to describe the random error in the hind-
cast model . However, much ot the random error 1o these computations is attrib-
nted to shitts in time between the wave hindeast and observed wave 1nformation.
Noatherly wave conditien comparisons

45.  Five storm conditions were selected for the veritication of the
S Ihe predominant wind directions tor all tive storms were trom the north.
Phe wind conditions were generated by averaging the wind speed and direction
intormatron (three 20-min averages every hour) over a 3-hr duration.  These
data are given in Appendirz A, along with all comparisons ot measured and haind-
cast and T resulbts,

Hics )

46 . Fhe tirst storm accurred trom 9-12 November 1981, Wind speeds were,
on the average, 15 knots (with g maxamam of 192 knots) and the direction re-
marined 30 deg trom G deg, north azaimuth.  All three gage records exhibited
the same trends during the storm period (Figures A1=A3) and maximum H"m con-=
drtion:, approximately 1.0 to 1.5 tt, ocearred on 10 November at 0000 to
0300 heurs. A number of data pornts are missing in the measured H and Tp

mno
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results.  The estimates for these particular times (for example, Frgure Al
10 November 1981 at 1200 hours) are as previously defined (PARD 1) as "bad
data.”  The hindceast results compare favorably with the measured data tor all
three locations. There is a slight overprediction ot the hindcast Hm“ when
the computed Tp 15 greater than the measured estimates. The effects ot the
water depth in which the gages are placed signiticantiy reduce the amount of
energy in the high frequency end of the spectrum. This eftect 1s amplitied
tor wave estimates at WG-66. As mentioned in PART 1, tree-surtace spectra
were based on the estimate of the variation in the dynamic pressure of the
water column measured by each gage. There is a theoretical iimit thased on
linear wave theory, Shore Protection Manual, (USACERC 1977)) where the gage
will no longer "feel' the presence of certain frequency waves because of the
water depth. Figure 21 displays that relation, where frequencies greater than

0.46 Hz cannot be resolved at WG-66. The other two wave gages are nol con-

strained; WG-68 is located at 10-ft depth and WG-25 is located at 9.5-tt depth.

When the majority of the energy density falls within this range, which is very
often for Atchafalaya Bay, the loss in the total energy and thus the Hmo re-
sults will be significant. Therefore it is expected that the hindcast results
should consistently overpredict wave conditions at WG-66. Realizing that the
total energy derived from the measured pressure record will not reflect con-
ditions from all frequencies, the differences between the two results (hind-
cast and measured) are not as great as those shown in the time-history plots.
47. As previously mentioned, when the hindcast peak spectral wave pe-
riod is greater than the measured results, the hindcast Hmo results will
also be overpredictive. The overprediction follows from Equation 27 and can
be explained simplistically by Figure 22. Since the upper end of an energy
density spectrum is limited to 0.5 Hz in the wave model, there are only two
choices for fm when fm = 0.5 Hz, either 0.5 Hz or something slightly less
than 0.5 Hz. [If the hindcast {m is less than the measured results as shown
in Figure 22, then the hindcast E(f) will carry slightly more energy as
shown by the crosshatched area. The Hmo derived from the hindcast informa-
tion will be greater than the measured results. Limiting the high frequency
end of the hindcast spectrum also places a restriction on the Hmo results,
dependent on the windspeed UIO and tetch length through Equation 22. If the

lLimit of 0.5 Hz on fm did not exist, the hindcast results would tollow Equa-

tion 23 tor f and, trom Equation 27, the Hl results would be diminished.
m mo
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Figure 22. Schematic representation of the potential for
increased energy levels in the hindcast wave information

These computations are carried out and presented in Table 1. One must note
that the limit to Tp (where Tp = f;l) is 2.0 sec, and therefore all results
for Hmo values when Tp < 2.0 sec will equal Hmo at Tp = 2.0 sec. Hence,
at low wind speeds, the hindcast results will be greater than the measured data
set. Since the gage cannot resolve wave periods less than 2.0 sec, due to the
sampling interval and water depth, there would be no way of knowing if the
hindcast results were accurate less than 0.5 Hz. It now appears that limiting
the hindcast spectral frequencies to 0.5 Hz (consistent with the measured re- .*},
sults) will systematically overestimate the Hmo results. If an additional ;
parametric region (Figure 22) was established in the hindcast spectrum, inde-
pendent of the discrete frequency bands and dependent on Equations 23 and 27,
the hindcast results would better approximate the wave-height results from the
prototype data set. G
48. The second storm occurred during 20-22 November 1981 and was charac- :}l,
terized by wind speeds of approximately 18 knots and the wind direction which “{;
remained nearly constant at 300 deg for the duration of the storm. The mea- -
sured data reflect the storm's intensity in two of the three gage sites (Fig-
ures A4-A6). It appears that the wave climate at WG-25 is governed by local- ;35‘
ized limiting conditions (for this case), whereas at WG-66 and WG-68, maximum .

Hmo conditions of approximately 2.0 ft existed. The hindcast results are 9.

42
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again in agreement with the trends established by the measured data sets, al-
though at WG-25 the hindcast data tend to overestimate the Hmo results by
approximatelyv 1.0 tt. The ditferences may be caused by the new parametric
representations of the growth rate and peak frequency changes over fetch
lengths detined at WG=25. An alternate cause could be derived from the selec-
tion of the tetch length and water depths for the wind direction of 330 deg
tor WG-25. The water depths used in the model were taken from NOAA bathy-
metric charts (dated 1977). The depths that now exist within the bay may be
signiticantly different due to the delta growth process in the vicinity at Wax
Lake Outlet and the Atchatalaya River mouth.

49. The third storm considered in the verification phase of the study
occurred during 23-26 December 1981. The wind speed averaged around 13 knots
while the wind direction remained nearly constant at 45 deg. The measured re-
sults (Figures A7-A9) at all three gage locations exhibited nearly identical
trends (rises and falls of Hmo) which would verify the assumption that wind
speed and direction remain uniform over the Atchafalaya Bay region. The hind-
cast estimates for all three gage locations compare favorably with the mea-
sured Hm0 and Tp results. Differences between the two estimates are shown
to be no greater than 0.5 ft for the Hmo results and *0.5 sec for the Tp
results. There appears to be a difference between the hindcast and gage re-
sults in the time of occurrence of the maximum Hmo conditions. This differ-
ence 1s caused by the method employed in the SWWM, i.e., wave propagation is
omitted from the model to increase computational efficiency.

50. The largest Hmo found in all measured wave records occurred on
31 December 1981 at WG-68. The accompanying energy density spectra for the
three gage and hindcast resnlts are compared in Figures 23-25. The abscissa
is nondimensionalized with respect to the peak spectral frequency. This al-
lows both spectra to be aligned at the maximum energy and comparisons can be
made to explore the frequency related spectral shape. The difference between
the gage and hindcast peak trequency is  3Af  (or 0.0208 Hz) at its maximum.
Based on statistical analyses, the 95 percent X2 range is shown in these
tigures, signifying the expected range of the prototype results. The wind
conditions for this particular event were approximately 13 knots blowing from
the northeast.

51. Local wave generation controls the wave environment for this storm,

although a slight amount of Gulf-generated wave energy is visible in the

43
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spectrum given for WG-68. The forward face is well approximated by the hind-
cast spectral shape, and the tail (f/fm > 1.0) appears to he the limiting form
compared with the prototype spectra. The hindcast E(fm) consisL?ntly under-
predicts the measured results but remains within the 95 percent ¥ range.
As f/fm approaches 2.0, the measured results tend to fall below the hindcast
spectral shape. The water depth above the gages acts like low-pass filters,
not allowing the energy in the high trequency wave components to be recorded.
Also, the water depth can limit the entire spectral shape (Figure 25). Re-
sulls tor WG-66 (located in deeper water conditions than WG-25 or WG-68) are
not as "clean” when compared with the other gage spectra. Even tor short-
period wave conditions, the theoretical shape functions found in the SWWM ac-
curiately depict the measured results.

52. The tinal two storms 1n this series occurred during 28-31 December
1981 {Storm 4) and 8-12 January 1982 (Storm 5). The wind speed conditions
were on the order of 12 knots with an average wind direction of 50 deg, and
I3 knots with an average wind direction of 25 deg for Storms 4 and 5, respec-
trvely. For the tull duration of the storms, the hindcast results (for all
three gage locations) matched the measured Hmo and Tp data (Figures Al10-
Al tor Storm 4 and Figures Al3-Al15 for Storm 5). Differences between the two
data sets for both ”mn and 'I'p were consistently at 20.25 ft and *0.5 sec,
respectively.
Southerly wave comnditton comparisons

T3 AL previoas wave comparisons were derived from northerly wind con-
ditrons. Land-water bonndaries, hence the fetch lengths, were clearly detined
tor these comditions.  The problem of adequately describing a finite fetch
fength tor waves propagating from the south stil]l exists. The assumption that
little energy which originates tar out into the Gulf can propagate into the
bay has been verctied; however, the possibility ot locally generated waves
propagating trom the south into the bay must still be accounted tor. There-
tore, 1n crder to quantity a limiting fetch distance south of Atchafalaya Bay,
4 series of computations using the wave data were performed to determine where
a tetch-Timitation-line should be placed.

54.  From Fquations 22 and 23, the tetch length could be computed trom

known wind speed and the resulting wave height tor all the southerly wind con-

ditions.  For each 10-deg wind angle interval, the computed tetch lengths were
averaged. The average fetch length then was plotted as a function of wind
47
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speed and distance from each ot the gage locations. Although this technique
1s a crude approximation, it was found that all computed tetch lengths fell
within the 12-ft contour defined by the bathymetric chart employed "outside”
ot Atchatalava Bay. The fetch-limitation-{ine was established near the 17-tt
contour, which means that wave conditions propagating from the Gulf of Mexico
to Atchafalaya Bay would begin wave growth from the 12-ft contour, rather than
in the middle of the Gulf. Using this technique, only long~periud, low-
amplitude wave information would be lost. But trom the measured data, the
number of occurrences and the intensity (or energy content) ot these cond.-
tions did not warrant further analysis.

55. Under these assumptions, verification of southerly generated wave
conditions was performed. Five storms were selected to verify the fetch-
limitation-line assumption. The initial storm (Storm 1A) occurred during
25-27 November 1981; wind speeds averaged around 11 knots and the wind direc-
tion remained near 130 deg. The measured wave data for all three gage loca-
tions never exceeded 1.25 ft (Figures B1-B3) while the Tp results clearly
showed a much stronger trend for longer wave periods. The hindcast Hmo re-
sults show a strong agreement with the measured results although the results
for WG-66 tended to diverge slightly on 26 November 1981 (Figure B2). The
largest differences encountered are in the 'I‘p comparisons where the hindcast
results tend to be around 2.0 sec, whereas the gage data results increased to
6.0 to 9.0 sec.

56. The influence of Gulf-generated wave conditions propagating into
the study area is evident. In general, the energy accompanying these long-
period conditions is significantly lower (except for one observation at WG-68)
than that during the most intense portion of the storm. For nearly identical
wind speeds blowing from the north (Storm 2, Figures A4-A6), the Hmo results
are approximately a factor of 2 greater than what is observed during this par-
ticular storm condition where fetch lengths are on the order of 10 to 100 times
as great. Therefore the amount of energy lost employing the SWWM to model
southerly wave conditions can be considered negligible in comparison with other
ecqually important storm conditions.

57. The second storm (Storm 2A) for southerly waves occurred during
2-9 December 1981, The wind intensity averaged around 7.5 knots while the di-
rection was predominantly from 235 deg. The measured wave data (Figures B4-B6)
showed H results much larger than in the previous storm and Tp results

mo
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indicated that the waves were Jocally generated within the area near Atchafa-

lava Bay rather than derived trom the Gulf of Me<ico.  For the existing mea- B g
sured data set, the hindeast tntormation nearly duplicates the measured resalts —-J
: -9
inoterms ot H anid ' .
Yoo l)
5. The thiird storm ixtorm 3 occurved duriay _1-0 0 Decembs o TORT

The wind speed averaged 11 wnots while the direction cemained gt approximately
180 deg. The measured wave heights draplaved 1o Fronves B7-BY qearn remay
relatively small within the bay (WG-25 and WG-6od while at WG-08 4 maxtmnm

H] condition ot 1.75 tt wus observed. Comparison ot the three gage data

mo

sets shows that as the wave conditions propagate into Atchatalaya Bay (from

WG-68), most long-period intormation (T > 6.0 sec) 1s lost and the spectra
l)

are reformed into the high frequency end. The hindcast H estimates tend
i ) nmo

to overestimate conditions present at both WG-25 and WG-06 (0.5 ft high) but

4t WG-68, the differences in the two data sets are negligible. The Tp hind-

cast results compare favorably at all three gage sites except during long- _
period wave activity. '_!]

59. The fourth and fifth storms occurred during 1-4 January 1982 _4
(Storm 4A) and 5-8 January 1982 (Starm SA). The wind speeds averaged approxi- o]
mately 10 knots and 7.5 knots for Storms 4A and 5A, respectively. The wind di- .{]
rections generally remained constant at 165 deg and 170 deg for the two events. .‘.'-*

The measured wave data followed the trends established in the three previous

s e e,

storms where the T data inside the bay ranged trom 2.0 to 3.0 sec, while .
p ’ S
the wave conditions outside the bay (WG-68) oscillated trom predominantly S
. @
short- to long-period waves (Figures B10-B12). The H . results indicate =
mo
that for wind speeds less than anproximately 10 knots, there is no appreciable -
energy in the area (Figures Bl3-,15). Maximum H] occurred at WG-68 and for S
mo ~..1
the 5-day period never exceeded 1.5 ft. The hindcast results again compire S
o . L ]
reasonably well with the measured data. For low wave conditions, the hindcast T
H tends to overpredict the gage results but ditterences between the two -
mo .
sets seldom exceed 0.25 ft. L
-
oo
Percent occurrence °
and_extreme comparisons b
) 60. Two additional tvpes ot comparisons were made to turther verity the )
." R -
;., SWWM technique--percent occourrence and cross plots.  The comparison technigues |
S 1
P were used to describe the random error ot the hindcast model.  For the evalua- 1
@ °
LT tion of the hindcast wave conditions relative to wave laimate vepresentations, h
[ .
R
o
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major emphasis must be centered on long-term comparisons of means and proba-
bility distraibutions o which the time tactor has been removed.  In all subse-
quent comparrsons, the hindoast wave results were parred according to the gage
chscrvat ron, However, much ot the presumed random error 1n these comparisons
psoattearbhutod to niaght shitts between the wave hindoasts and observed wave
resar )t~

. Phears w0 cortaarn degree of uncertainty associated with the sta-
Crotao i tepre s ntaltgons ot the wave climate gt o given location.  One must be

teare Lot even pove resnlts connot unitgquely descoribe actual wave conditions

oy o samplooae percods it os gassumed that o sample period of 1,024 sec
CEOOD msn every 3 b s o omeasare ot the average conditions existing for that
partionlar anterva. . Fheretore the use ot Jong-term, continuous (detined here

a8 a constant number of observations per day over g prolonged period of time)

Hl and results will oftset the tnconsistency in the actual and measured
HI11e] I

wave condit cons.

650 Fov o each gage site . the percent occurrence for H and T 1s
mo P
compared.  The paired results are separated 1nto H o intervals of 0.25 ft
m
and T in ntervals of 9.5 sec. These plots are generated for comparison
p ’

purposes only and should not be construed as the representative wave climate
expected for each specified location.

3. Figure 26 displays the percent occurrence of Hm0 and Tp condi-
tions for WG-68, located south ot Atchafalaya Bay. There are large differences
in the two results fo Hmo conditions hetween 0.25 to 1.0 ft, whereas the

results show only sl 2ht (less than 1.0 percent) ditferences in all other cate-

gories.  The tail ot the distribution is well approximated bv the hindcast
node ] and zeroes out one category lower than the measured results. The overall
Heran Hm“ shows that the hindcast compares identically with the measured re-
sults and cquals 0.73 tt. The hindeast time-history tended toward overpredict-
iy Lhe gage Hm” results. Figure 26 shows that by removing the time de-
pendency the hondoast results look extremely good.  In a ¢limatological sense,

it the hndoast pertorms well (1 e, has the same, or nearly the same, proba-
Balety that oy particular wave condition would occur) then the bias in the
trme-histories s superseded by the results shown in Figure 26.
ba . ihe T¥ results show that o large portion (26 percent) ot the wave
)
comditrons tound south ot Atchatalaya Bav are produced in the Gulf ot Mexico.

Fhe relatyve encrpy associated with these long-period waves typically amounts

I
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to 25 percent of the total energy found in the spectrum (excluding the extreme
case shown 1n Figure 17).  The hindceast results based on the ftetch=-limitation-
line (Figure 1 and Equation 22) spread the underestimate in long-pertod wave
conditions over the entire distribation. Once the long-period waves cnter
Atchatalayva Bay, the energy is absorbed by the hottom, as will be seen in sub-
scequent tigures (and shown in PART [11).

6h.  The percent ovccurrence of ”mo and 'l‘l) for WG-25 is displayed iu
Frgure 270 Once inside Atchafalava Bay, the percent occurrence of Gulf-
penerated waves substantially decreases (trom 26 percent at WG-68 to 7 percent
at WG-25) 0 The hindcast Hmu distribution represents the measured conditions
tor results greater than 0.75 ft and zeroes out at the identical Hmu category.
For wave heights less than 0.75 ft, the hindcast information oscillates above
andd below the measured values; but over the average, the hindcast Hmo falls
shightly greater (0.04 tt or 7.1 percent) than the measured condition. The
'I'P distribution generated by the SWWM displays nearly identical results estab-
Lished aa the measured data set, with exception of the long-period, Gulf-
generated wave conditions. At this station location, approximately 90 percent
ot the measured 'l') information lies within the range between 2.0 to 2.5 sec,
whereas in the other two locations (WG-68 and WG-66) this percentage decreases
signiticantly. Geographical and bottom topographical constraints at WG-25
Fimit signiticant wave growth and are adequately represented by the hindcast
mode ] .

6.  The remaining statistical distributions based on measured and hind-
cast wave information tfor WG-66 are displayed in Figure 28. The broad trends
in the Hm“ gage results appear very similar to that found in Figure 26 for
WG=68. There 1s a specific reason for a diverse population of wave conditions
to exist at this particnlar location, especially very small (0.0 to 0.25 ft)

H conditions.  The large number ot small waves tends to depress the overall

e
gage mean H to 0.58 tt, or within the range established at WG-25. oOne

mo
reason tor this conld be attributed to the local water depth near the gage lo-
cation.  As discussed in PART 111, a water depth of 11 ft tends to "clip oft”
the high treqnency end of the energy density spectrum.  In so doing, o slight
amount ot energy would not be resolved (aithough it wonld exist within the
treee surtace) and the wave heights would be lower. 1f the lost energy conld

be acconnted tor, the entire distribution shown in Figure 28 would signiti-

cantly change.  The most dramatic change would he at the lower end ot the Hm)
: I




ATCHAFALAYA BAY

STATION ? &
WG-25
R (‘"‘: "o
X .
= ! ‘ ..
' H . imi 056
, ' H, ., th 060’
B 1 v
|
= N -
'
-
3
.: 20 -
Z
.
o
ol ! C——q]
0 )
| _~HINDCAST AND
S 1 == / GAGE ZERO
o L l L1 E_L i L
0 025 050 0J5 10 12% 150 17% 20 225 250
4T
mo
R i KEY
——— MEASURED
U — = ~~=HINDCAST
0 =
By
5 6u
o
: x
° X
p. 2 50 -
[ g
[ S 0 |-
| i
O
| @ 5o
F- . a
ol 20 b
SRS _— GULF-GENERATED WA VES
" BIMODAL SPECTRA
SRR 10 =
r. 0 | L. —tmn [ S N
4 20 25 30 356 40 45 50 55 60 65 70
3
s Th SEC
s
b -
a Figure 27. Percent occurrence of H and T tor
* mo p
f' time-paired measured and hindcast wave information
. for WG-25
5
[ 53
®
y




ATCHAFALAYA BAY

STATION 6
0 WG-66
35 L -
:——--} H,,,(ml =058
30 p— i H'Y\o(h)—_o'agl
w 1
© [}
5 I
25 |-  f-- 1
z )
o
o 20 - L____'
!
5 15— |
< - [}
z 1
w
a |
e : I
1
5 | _1' HINDCAST AND
== Co— = - GAGE ZERO
0 | 1 | ] 1 —— A - |
0 0.25 050 0.75 1.0 125 1.50 1.75 20 225 250
HmO,FT
KEY
MEASURED
- == HINDCAST
90 —
80
70 B~
w
o
S 60
o4
x
2
8 50 |-
@]
[
2 a0 L
O
T
W
& 30
20 - _
/GULF-GENERATED WAVES
o P BIMODAL SPECTRA
U e
1
| | SR
TR SO G - N I s S SR R G
It R A0 PN a0 45 50 55 Gy 65 70
T StO
Fropgare 28, Pervent coenreence ot H \ arid l“ for
e

time-parred measured and hindvast wave ‘nformation
tor WGe-66

ot PP AP AL PP, G UL AL . R Y A e oae S N WP P NN WA W W P

o

9

4

g

. e
- 4

B
N

\

N

.
- 4~'*
)
. j~]
Y
i
]
@

i
|
A

e I .
e e

e




distribution, where the energy level is already low. Excluding Hmo results
less than 0.75 tt, the hindcast model adequately represents the measured con-
ditions although uniformly overpredicting the percent distribution by approxi-
mately 4 percent. The hindcast mean wave height is 19 percent larger than that
tound in the measured results; but considering the loss of the high frequency
intormation in the gage data, the difference between the two results 1s not
unexpected.,

v?. The Fp distribution generated from the gage results clearly shows
(Fireure 28) that as Gult-generated waves propagate farther into Atchafalaya
Bay, their influence diminishes. Only 2 percent of the measured conditions
hael TP conditions greater than 4.5 sec, whereas outside the bay (WG-68),

6 percent of the wave climate was under the influence of long-period waves.
This shows that local wave generation characterized by extremely short-period
waves controls the wave environment in Atchafalaya Bay. Although the hindcast
mode ! wverpredicts the percentages in Tp categories from 2.5 to 4.5 sec, the
greatest ditference is only 6.0 percent.

o8. A final comparison is made between extreme storm wave conditions.

The H"" results were derived by selecting the largest 10 to 20 storm events
)

within the gage sampling period. The maximum Hmo from a particular event
was recovered.  The dates for these evenls were then used to scan the hindcast -
results to select the maximum ”mo from the same storm. The maximum Hmo Al?
conditions are aot adentically paired in time (lag time caused by nonpropaga- {fﬁ
tion ol wave conditions in the hindcast model) hut are representative of the 4
event . The comparisons are shown in graphical torm (Figure 29) and are also 4?'%
tound o Table 2. Figure 29 shows that the hindcast results under extreme »l_i
storm wave conditions do not clearly show a bias toward overestimating or un- 7::1
derestimating the measured information. The trends shown an Figure 29 follow ;;;j
the results found in both the time-historv and percent occurrence comparisons. '_{!
The hindcast model underpredicts the results at WG-68 caused by neglecting
Gult-generated waves and primarily overestimates the measured conditions at ,
WG-66, where high frequency energy is lost in the gage data because ot the . ]
water depth.  The mean Hm“ values for the data sets are plotted and the re- --,2«
sulting ditference shows that the hindcast model is 2.0 percent (or 0.03 ft)
:;. targer than the measured results, .E
g 69. In summary, wave 1nformation derived from the SWWM compares tavor- N
. ably with the gage data for nearly all wind angles (from 0 to 360 deg); thus k
: 55 .
S -.'_‘
L J
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SR existing in a specific event for the three gage locations
| 308 the assumptions governing the methodology of the SWWM are verified. Wind
p -
- speeds and directions can be considered as uniform over Atchafalava Bay. The
3 growth of wave energy is assumed to bhe dependent on fetch lengths (and wind
B
b speeds) rather than duration. Although long-period wave energy exists 1n the
g area, it is limited in intensity. When the predominant spectral energy is sit-
uated in the Jow frequency end of the spectrum tor locations outside Atchata-
laya Bay, the inside locations retain nearly the same amount of energy but dis-
) tribute it in the higher frequency range (suggesting that wave breaking and re-
r’ tormation processes occur between outside and inside the bay). Although the
-
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tetch-timitation-line located south ot Atchatalave Bav (near the 12z-tt contour)
was a rough estimate of maximum growth rates tor southerly wiaves, comparisons

with measured data verirtired that the estinate was correct.
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PART IV: ONE-YEAR WAVE HINDCAST
Introduction

0 The veriticd SWWM is designed to compute wave conditions at arbi-
trarvily selected Jocations in Atchatalaya Bay. All wave conditions generated
assume copnstant water depths over time, therefore neglecting changes in the
wateyr elevatiton caused by tides, surges, and freshwater discharges. In order
to improve computational efficiency, a polar coordinate system is selected
wherein the origin is placed at each ot the 10 selected station locations
(lable 3 and Figure 1).  Fetch-length rays are projected outward trom the ori-
gin at 10-deg intervals. A total of 36 ravs exist for each station. The
selection ot the 36 rays assures that the variability of the shoreline bound-
arires 1s accurately described.  Fetch length and water depths are discretized
into 10 subsections along the total length of each ray. The water depth
selected tor each subsection is averaged from available NOAA bathymetric

charts (dated 1977). The paramecters hi (discrete water depth), Fi (dis-

10

crete tetch length), and FL <total fetch length, where Ft = 2 Fi) then
i=1

hecome direct tunctions of a given wind direction. In many instances, the

wind direction will not correspond identically to a given fetch-length ray.
When this occurs, 4 new Ft(():;) and hi(Fi' Ow) are computed via linear
interpolation hetween two discrete fetch-length rays.

71.  The itoput conditions to the SWWM are the wind speed (adjusted to
10-m elevation) and the wind direction. The proper fetch length, Ft , and
water depths, h‘_ . are then selected for each station for the given wind di-
rection.  This procedure is tollowed tor every 3-hr interval using the approxi-

mately i-vear peritod of wind data recorded (Ebersole 1985).
Oune-Year Wave Hindcast Products

Lo Thes section ot the report is intended only to serve as a general

fescription of saimple wave characteristics such as height, period, and

The parameter ¢ 15 the predominant wind angle measured 1n degrees azi-
oy W
muth, “trom which they came.”
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direction of wave propagation. More detailed analysis of one-dimensional spec-
tral properties and interrelations between various wave parameters related to
storm characteristics are beyond the scope of this report.*

73. The l-year hindcast only considers a single population ot wave con-

ditions detined as sea (although during periods of time, the nondimensional

peak trequency i1s less than 0.13, defined as swell by Hasselmann et al. (1976)).

Also all waves travel in the
direction ot the wind, and the WAVE DIRECTION
wind speed and direction are

assumed to be uniform over

Atchatalaya Bay. 0"
74. The wave parameters
H (Equation 2), T
mo p

(Equation 3), and ¥ given at

each station every 3 hr for

approximately 1 year are used
as a basis to construct the
joint percent occurrence
tables found in Appendix C.

When measured wind data were
not available, the wave condi-
tions (H , T , ¥, and E(f))
mo p
were all set to zero and not
used in the analysis. The 180
wave directions are assumed to .. . . . .
Figure 30. Direction of wave propagation
be those from which the waves
are coming (Figure 30) and are measured clockwise in degrees trom the north
(0.0 deg).
75. Two products are presented:

a. Seasonal Percent Occurrence Tables.

b. One-Year Percent Occurrence Tables.
A brief description of each product is given and instructions on their use,

immcluding examples, are provided.

One-dimensional frequency spectra and H , T, and W (direction ot
. . . mo i .
wave propagation) are stored at 3-hr intervals tor | year tor each station.

T e e o« . - . - - a " 4 a R

't

| PR S S ) ‘J.




- o T e T T Ser o A T T R T A e A e o e At A L AN s 4o men gne sne et aod e e s

-

-

’ -

Seasonal and l-year ]

percent occurrence tables ]

76.  Two tvpes of tables are printed for each of the two products:  azi- —

muth tables and all-directions tables. At each location, ftor both the seasonal o

.

and yearly products, 16 azimuth tables and 1 all-direction table are printed. oo

The azimuth tables (Figure 31) give the percent occurrence of characteristic 3
waves 1o terms of height and period ranges for a4 specified station, season,”

and direction. The title of cach table identities the station, season, dangle
ctass, and water depth.  The angle class specification for each table repre-

sents waves coming from directions approximately 11.25 deg to either side ot

the labeled divection. For example, 0 deg represents directions >348.75 deg
and ~11.25 deg. The wave period ranges are in 0.5-sec intervals and the
height ranges are in 0.25-ft increments. Values in the azimuth tables repre-

sent the percent of the season that waves occur from the specified angle class
for the indicated height and period range combinations. The values have been
multiplied by 1,000 to allow more accuracy with less printing space. Summa-
tions of period and height ranges are provided in the last column and row of
each table. The summations are also multiplied by 1,000. The last line in
each azimuth table contains the following information for the specified angle

class, season, and location:

4. The average H .
mo
b. The largest H .
mo
¢. Percent of waves occurring in the specified season from the in-
dicated angle class.

77. The all-directions table for each season (Figure 32) is printed
atter the 337.5-deg angle class table for the specified season. These tables
give the percent occurrence of signitficant waves within the same specified
heaght and period ranges coming from all directions for the indicated season

>~.. . . .

. and station.  Percent values in the all-directions tables are multiplied by

.'. -

-~ 100, The parameters listed in the last line of this table are derived from

b : L T _ .
' all ditections tor the specitied season.  The total number of cases represents
® .

p- the number ot 3=hr average wave conditions that were hindcast during the iadi-

p.

’ cated season.  This number retlects how much wind data were available to

p.

b

b

P'. Season | o1s December through February, Season 2 is March through May,

3 Season 3 is June through August, and Season 4 is September through November .

g
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STATTAH 1 TEATCY ] ANGLE CLASS (DES AZIMUTHI= 0, T
PATE . LEPTH = Ttc fTET )
FERLINT CLTURREWCL{YINT0) CF MSITHT AND PLRICD Fy DIPZCTICH o
HEIGHT(FEET) PITICI(SECT DS) TNTAL T
4
0.C- 0.5- 1.0- 1.5-_ 2.0- .5- 3.0- 3.5- 4. G 8- 'y
ST R I S O A 2.9 Tale (uUBER -
0. - 0.06 . . -
0.7%5 - 0.%7 T . i
0.3 - 2./ . . . . . . .
0.75 - 0.99 . . . . : 143 . s
1.60 - 1.0% : . :
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1760 - 100 : .
1..5 - 1.°7 . | .
ZCg - 2.l . : p—
2. - Ol . i
2.59 - rOEATER . . ) . . . . J -<.P
TOTAL 0 0 0 0 2% 143 ¢ S 2 9 d
AVERAGE H3IFT) = 0.59  LARGEST HS(FT) = 0.23  ANGLE CLASS £ = 2.4 .
-4
STATICM 1 TEATCY ANGLE CLASS (DES AZIMUTHY: 2.0 )
[ATES ©opTi =7 vty fEET
FLRPCINT CLCURRENCEIXICOI) OF HEICHT AND PEPICOD SV LIRFCTICH
HEIGHT(FEET) FERICIICECLINS) TCTAL
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DATFS NEPTH =7 550 FEET
FERCENT CICUPPENLLE(NICU3) OF HEIGHT 4D FERICD BY DIFECTICH
HETGHT(FEET) PERICI(SECTDS) TOTAL
0.9~ 0.5-_ 1.0- 1.5- 2.0- 2.5- 3.0~ 3.5- &4.7- w.f-
0.6 0.7 lia 1.9 C.a L. T TEoa TTLU9 0 s [nGER
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TOTAL 0 ) 0 0 11459 2386 d 0 ) 3
AVERAGE HS(FT) = 0.53  LARGEST HS(FT) = 1.08  ANGLE CLASS % = 11L.7
STATICY 1 SEATON 1 ANGLE CLASS (DEG AZIMUTHI= 67.5
HATID DEPTH = 5.89 FFET
FLAC NT OCCURRENCEU10J0) OF HEIGHT AND PEPICD BY DIFECTICH
} HEIGHT(FEET) PERICDISECCIDS) TOTAL
1 0.0~ 0.5 1.0- 1.5- 2.0- 2.5-_ 3.0- 3.5- «.0- .56-
! 0.¢ 0.9 1.4 1.9 “J.e .9 756 77309 Tale o (LNGER
0. - 0.6 . 2
[ ] 0.25 - 0.47 GG TR
0.50 - 0.74 303 Pt
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, 3.50 - NPEATER . : . . : . . . . . 9 o
- TQTAL 8 e 0 0 £as5d ) 9 0 ] 0 T
F. AVERAGE HS(FT) = 0.47  LARGEST HS(FT) = 0.60  AMGLE CLASS % = 8.5 L ]
3 . 4
b., . <
:'. Figure 31, Example of the seasonal statistical table L
:' tor various angle classes Y
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. STATICH SEAS : 3 -
= WATED pepri ATICH 1. TEASON 1 FOR ALL DIRECTICHS .
b FERCENT OCTUTRENCE(X100) CF HEIGHT AND PEPICD FCR ALL DIRECTICNS B
La HEXGHT(FEET) PERICDI( SECCHDS) TOTAL _.J
3 0.0- 0.%5- 1.0- 1.5- 2.0- 2.5- 3.0- 3.5- 4.0- &,5- ik
} 074 3.9 Tiie 1le S84 T379 2974 300 074 “ilicen =
0. -0.264 : . g
g;% - 8'&? Q::)):& 14 . - - {_:41? j
20 - 0.7 3157 7i 14 X : 1173 .
0.75 - 0.69 "‘ 5 541 3 : . nn2 1
1.co0 - 1o "~ 22 ) 14 A LI
139214 14 % 14 S ]
2.00 - 2l24 . “ 19 '{
2iis - 2149 : : : : 3 o
2.b0 - CIEATER X : ) : . . . : ; )
T0TAL 0 0 0 0 8451 858 428 155 56 ) Y -
-
AVE HS(FT) = 0.56  LARGEST HS(FT) = 1.77 TOTAL CASES =  693. Y
Figure 32. Example of the all-directions seasonal statistical table ]
perform the hindcast during that particular season. All calm wave conditions 1
(Hmo less than 0.01 ft) are removed from these tables because of the method 1
employed in the SWWM. This constraint wili not alter the data since: (a) we {
are dealing with a very small number of occurrences within a given period of -'1
time in Atchafalaya Bay and (b) the magnitude of Hmo is so small that whether )
one considers a wave height of 0.01 ft or 0.0 ft is of no real consequence. .
78. The 1-year tables (examples are shown in Figures 33 and 34) are of
the same tormat described above. These tables (angle class tables and all- o,
directions tables) are based on the full l-year data set (or the cumulative
total of the four sets of seasonal tables).
Use of the tables Bk
79. The following examples illustrate how to use these percent occur- —-*.3
rence tables. In order to find the number of hours that waves with heights “+
greater than 0.75 ft and less than 0.99 ft and periods between 2.5 and 2.9 sec -
RO
are expected to occur from 0 deg at Station 1 during Season 1 (December, Janu- g
5
ary, February), the value read in the table for the specified station, season .“
1 angle class, height, and period should first be divided by 1,000 (yields — 3
. Ty
E 0.143 percent, Figure 31). Then 0.143 is divided by 100 to give the proba- "
Y
: bility and multiplied by the total number of hours in Season 1 to yield the ;
r‘ number ot hours that the specitied wave 1s expected to occur. The simple con- '.'1
®
o VEersion process is;: 1
- T
1 number of hours
P value read an table | numbher of hours  _ , " )
’ 100 > . . = specified wave 1s (29) :
: 1,000 tn time 1nterval |
expected to occur p
| ®
2 1
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S
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araTICN 1 1 1520 ANGLE CLASS {DEG AZINUTH) = 0.
LATed DIETH N O FFET
i Je) CF

HZICHT AND PERICD BY DIRCCTINN

FERITICITCLIS)

(RS R Y

HEIZHTUFEET)

0.9- 0.5- 1.0- 1.5- C2.0- T.5%- 3.0- 3.5- 4.0- .5-
U v.9 1.% 1.9 [ 2.9 3.9 L0 4 Lo.GEP
D - 0.0 A
o - 0L . Z-0
. - e . . gl
r. - v . - . e D
1. -1 . .
1 - e .
1. - -+ -
1. - 1.4 .
< - +
N - 1
2. - FTIATER

Tiorat 9 ¢ 0 0 432 ah G 0 9 0
- GEST HSIFT) = 0.28  ANGLE CLASS % = 0.5

SHGLE CLASS (DEG AZIMUTH) = 2205
OF HEICHT AMND FERICD By CIRECTICH

TTATIOCN 1
LR TTRTA

PlecenT et

HEICHT(FLET) FETIC2(0SICCHDs%)
0.0- 3.5- 1.3- 1.6%- 2.5~ 3.0- %2.5- 4H.0- & &=
S T.9 L. 1.9 P 3% 5.9 e L TIR
0. - N.0h . .
.05 - 9,0 . .
JLoET - 0 e . .
DT R . 1ing X
) S B N . P Al
Looh = 1oed . . el
L.LY = 1.7 . .
P . .
¢ .99 - < ‘ . -
P 4 .
CL90 - CWIATER

(N . . . : : . . . . .
1OTAL 9 3 0 0 5256 2113 1019 ¢ 0 )
AVIPACTE H3(FT) = 0.72  LAFGEST HS(FT) = 1.29 HGLE CLASS 7 = 2.0

ANGLE CLASS (DEG AZINUTH) = 45,0
CF HEIZHT AND FERPICD BY DITECTICN

PERICIIZICCHES)

HETCHT(FEETY

50.0- 0.%- 1.0 1.5~ 2.0~ 2.5-  3.0- 3.5- w.0-  .n-
G 3.3 p) 1.9 2 2. 3.4 .0 oo Lo 5ER
9. - 9.7% . 2 . .
.08~ DL . ty . .
Q.50 = 0, e . 5 102 .
I T I . I - .
1.C0 - 1.+ . . 137 .
1..5 = 1.4 . . .
I.h0 - 1. /e : .
1.5 - 1.-2 . . .
c. .00 - .09 . . - .
2005 - 7.4 : X : :
2.50 - (FEATER . . . R . . . .
TOTAL 4] c Q 0 1250 529 0 ] o °
AVEPAGE HS(FT) = 0.52 LARGEST HS(FT) = 1.15 ANGLE CLACS V= 2.8

= CLASS (DES AZIMUTHY = 7.5
: HT AND FEOICD Ry pIFICTICH
HEIGHTIFEET) FERICILLICTHOG)

0.0- £.5- 1.0- 1.5- 2.0- 2.5- 3.0- 3.6- . 0- u G-
T 5.9 1.5 1.9 O ] i 2.9 e LrTTR
z 5
s . S ;
] n weo o d [FRLY
! ‘e . ~

el
e

P P e O DO D
D~
REN RIS
S e e S SO0

T

-
—O

OTAL 0 0 0 0 10110 L 0 0 ) 0

AVERAGE HS(FT) = 0.46 LARGEST HS(FT) = 0.75 ANGLE CLASS 7 = 10.2

Figure 33. Example of the l-vear statistical table
tor various angle classes
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2.0~ 0.5- 1.0- 1 R “H
G.¢ 0.9 l.4 5.9 P O e
0. - 0.2 < ]
0. - 0.9 :
0. - 0. :
0. - 0.39 - .
1. - 1.0+ T .
1 - 1.w9 T
1. - 1.7 . - .
1./5 - 1.%9 . E —
S50 T 5183 ‘ -8
z. - CRLATER . . . : ; . . : . : :
TAL o 9 0 0 57%% Ths 07712y o -
AVE HS(FT) = 0.52 LAPGEST HS(FT) = 1.77  7T2TAL CA5ES = s077

i
b s

Figure 34. Example of the all-directions l-year statistical table

-

For this example:
143 ) 4
s 2 100 % 2,160 % - 1
17000 , 16 3 hr ﬂ
@
The following tabulation lists the approximate number of hours in each season g
for 1 year: -
Number of Hours in -
__Season Season for 1 Year ]
1 (D, J, F) N2, 160 e
2 (M, A, M) ~2,208 A
\
3 (J, J, A) 2,208 -]
4 (S, 0, N) N2, 184 ]
-
80. The all-directions tables can be used in a similar fashion. To § |
find the number of hours waves >1.75 ft and <1.99 ft are expected to occur
©N
within a typical year for Station | during Season 1 tor all directions and S
\
periods, divide the value in the "total"” column for the specified Hmn range .*
by 100, which vields a percent of 0,14 (Figure 32). Divide 0.14 by 100 to get 3 j
the probabiltity, then multiply by the number of hours in Season 1 tor 1 yvear. :
That is: 1
‘l
14 :

100 < 2, 0~ 3

100 1 16 § ot KJ
p
K1. This procedare may also be ased when dealing with the wave esti- ]
.
mates o the T-vear tables.  The number of hours in the time anterval found oo e
Fauation 29 wonld now be the sum for all four seasons or 80760 h/vear. 9
.1
-]
4
604
| J
]
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PART Vo DISCUSSTON OF HINDCAST KESULLS

K2 The Shallow=water Woave Modedt csWaM o e I]("‘.'I‘l'r!}d‘(‘ to n‘f{"!imll (RS
descrohe the phostoa b processes anve ot v wave o wthy el oo le o plthe wave
transionaal tons, Detarted compar csons of the =W s nive Wil measered wave
data o Ntchatalava Bav o seve poertoomed . Adpstmente to the parimcteriZzat ton
given by Hassoeimann et of . 0207 ¢) 0 ter wre ene ey yoowtn arl neak teequency
changes over tetch Tengths . were necded Co ampeoe Chie coliabs oty ot " he
SWhi's results within the bav, Phe changes were hased on profatype resalts

where nondimensional by the Atchatalava Bav wave intormation retlected trends
established 1 previons studies.  Although the nondimensional relations varied
trom Hasselmann et al. (19761 aud Koowles (1982), the parameters supported o
selt-similar spectral shape.  Also, the assumption that sontherly gencrated
wave conditions have o minimal eftect on the Atchatabava Bay wave climate was
verified. That narticuiar verrtication was based on comparisons between wave
gage results and spectral estimates.  The reason tor the loss 1o long-period
wave intormation was assumed to be caused by wave/sott-bottom 1nteractions,
and trends found in the Atchatalava Bay measured wave conditions werve similar
to previons studies where 1n-depth analyvses were pertormed.

83. After implementation ot the new growth rate expressions, the SWwM
wave estimates were comparced with existing wive gage ntormaton. Time-
history, percent occurrence, and extreme wave-height compavisons were pers
formed. In general, the hondeast accurately described time sequences 1n the
wave estimates at all three gage locatioens tor o large number of variable wind
conditions.  Statistically, the hindcast results compared tavorably with the

distribution ot H and T found 1nn the wave gage data. The maximum  H
ino )

me
estimated from the top 10 Lo 20 starm evenls determined from the measured re-
sults were compared with similar hindcast conditions.  The hindeast resuits
did not show strong trends toward over- or aedervestimal tng the maxtmen mea-

sured H conditions.  Accuratelv estaimating wave iniormatron via the Sk

mo
o time-history, percent oconrrence . and extreme wense gt three Tocations

provides the basin U generate che wave chamate in other aceas o At chataiava

Bav.
Hiy Appro<omateiy Tovear obf hnde st wave anbavmstivn wan proodiced ton
10 focations an the Atchatalavy Bav rewron. Foo thas peroed ot time s charace
teristire wave hevght o peak period s mean brrec G b wave crcpanaly g, and
[ SN

1
g
4
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P-dicastonal trequency spectral wave estimates are gvailable every 3 hr for .-

cach station,

B Asoa tionel oot ot should be emphasized that the intormation pre- —.4

o oo thrn oreportoconstaitutes ondy oo swal b portion ot that avarlable from l_——J
4

the complet bonedc gs e prtormatien set stored onomagnet o tape. For many b
i pones o the poroeat s penoe tabbes mav o not suattao e, However, the basic f
Bl ant antogtrode oo b peprocensed anto many alternate forms more com- —.J
peatcbbe wath thee v o e ohiem o waven. Thios tntormation shonld provide an —V_;‘
cascclrent lata Sase o det e U antluens ¢t wave conditions on sediment :
melton v other o tal cnpinecryne problems oo Atchatalava Bay.
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Table 1

Parametric Growth Kate Estimates

Fetch
Length Wind Speed, knots o
n.m. Parameten 2.0 4.0 6.0 8.0 10.0 12,0 1+.0 16.4 18.0 20.0
2 t 0.04 G099 O 15 0.22 0,36 0.3 0.47 0.56 0.65 0.75
thao .
‘l‘P . osec 0.6 0.9 1.1 1.3 1.4 1.6 1.7 1.8 2.0 2.1 -
o H , ot 0.5 G.13 0,22 0.32 V.43 0.55 0.68 0.81 0.94 1.08
mao
T . osec 0.8 1.2 1.4 b 1.9 2.1 2.2 2.4 2.6 2.7
P B
to Ho, ft 0.06 0.15 0.26 0.38 0.51 0.65 0.80 0.96 1.12 1.29 3
mo =
T , sec 0.4 1.3 1.6 1.9 2.1 2.3 2.5 2.7 2.9 3.0 ‘q
[)
14 H” ., ft 0.07 0O.17 0.29 0.43 0.57 0.73 0.90 1.07 1.25 1.44
(1§
l'P,\u 1.u 1.4 1.8 2.1 2.3 2.5 2.7 2.9 3.1 3.3 ]
-3
1& “nu , tt 0.07 0.19 0.32 0.46 0.63 0.80 0.98 1.17 1.36 1.57 .f
'I'P,su 1.1 1.5 1.9 2.2 2.4 2.7 2.9 3.1 3.3 3.5
22 Ho tt 0,08 0.20 0.34 0.50 0.67 0.85 1.05 1.25 1.46 1.68 ;
I'P,su 1.1 1.6 2.0 2.3 2.6 2.8 3.1 3.3 3.5 3.7
.1
o Hm A 0.08 0.2 0.3 0.53% .71 0.90 1.11 1.32 1.54 1.78 )
! cec L2 LL] 201 2.a 200 29 3.2 3.4 3.6 3.8 -
P .‘|
$0) H LtL L0y 022 058 0055 0074 0.95 1.16 1.39 1.2 1.86 -
fries .
I, L2 T2l oS 2B 30 3.3 3. 3.8 4.0 e
P B 1
4
.1
.9,
R
- .‘.
}
s :
! .
[ .
b C
- .
3
|
. . = :‘,1
p
Y. -
r All wave periods less than 1.0 sec would be considered as ultragravity )
b waves dand are not meanmingful an the overall hindcast.
b -
r .
®
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ble 2

Maxtmum Wave-Height Conditions

Date . N )
Station Year, Month mo ' _“ 7 7 B __gp__»:r -_.,.Aii‘i B T
L Number Day, Hour Measured Hindcast Measured Hindcast ) ]
L WG-68 B1103018 1,45 1.14 2.75 2.75 o
j 8111022 L. 10 1.06 2.58 2.64 -
: E1110900 1.56 1.38 3.93 3.16 —=
b 811110073 1.58 1.65 2.87 4.06 -8
- 81112000 1.87 1.90 3.08 4.19 "
SEn BET12615 1.30 0.68 7.73 2.35 s
(.- 81113021 L.66 1.42 7.73 3.24 e
81120121 1.69 1.64 2.05 3.81 B
. 81120421 1. 44 1.35 2.87 2.94 - 4
{ill 81121107 1.2 1.42 2.30 3.16 ~!q
S 81121500 1.75 .66 3.50 3.50 :
81121803 1.50 1.58 3.00 3.16 ,
! 51122009 142 1.25 2.87 2.87 :
81122112 1.65 1.04 7.73 2.44 .
- B1122909 1.34 1.49 2.39 3.16 .
h. 81123100 2.04 1.61 3.24 3.32 _.T’
82010318 1. 34 1.00 6.54 2.69 :
f 82010509 1.01 0.93 2.08 2.48
- WG-25 RI103018 0.94 0.75 2.44 2.11 R
81111003 0.91 1.45 2.01 2.87 .
1111921 1.05 1.74 2.80 3.08 P
81113021 1.14 1.28 2.75 3.41 f}j
81120121 1.22 1.46 3.00 2.81 D
81121406 1.06 0.85 2.35 2.30 S
81121500 1.10 1.49 2.35 2.94 A
81121800 1.03 1.19 2.30 2.48 :
81123100 1.46 1.23 2.87 2.58 e
82010800 1.00 1.28 2.19 2.58 N
82011021 1.54 1.39 2.22 2.58 S
82011209 1.05 1.10 2.26 2.22 e
WG-66 81110206 1.33 1.05 2.94 2.64 T
B1111000 1.17 1.65 2.58 3.24 e
o 81112000 1.82 1.95 2.64 3.50 .9,
- 81113018 1.08 1.43 2.48 3.50 S
= 81120200 1.20 1.65 2.53 3.24 L
5 81121500 1.52 1. 64 2.66 3.264 s
81121721 b.30 1.54 2.58 3.01
: 81122909 117 112 2.35 2.35 L
) RI1.23100 1. 46 1.52 2.94 3.24 nJ
- 8010721 1.5 .63 2.75 3.08 4
g 82011024 1.0 o 281 3.32 ;
) 2011049 1.1 157 RN 3.16 s
g B201 106 P . 287 3.16 )
! )
b .
;.' - _:
y - =
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Table 3 o

Statton Locations and Water Depths

Water
Station Depth Longitude, W Latitude, N
Na fo deg deg
I 5.0 91.41 29.739
2 9.5 91.41 249,45
3 10.0 91.54 29.139
4 6.0 91.69 29.45
B 3.0 91.60 29.51
b} 11.0 91.08 29.60
7 7.0 91.74 29,69
8 6.0 91 .87 29.67
9 8.0 92.03 29.68
10 8.0 91.93 29.77

WG~25.
WG-68.
3 WG-66 .
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APPENDIX A:
OF THE SHALLOW-WATER WAVE MODEL

1. Results presented 1n this appendix CTable AL o

zram in Atchatalava Bay.

Mhey are the date (year, month, dav, honer, wind speed oo
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p+
L
e Table Al :
r:-_'::f Northerly Storm Wind Conditions :
. Storm Year, Month Wind Speed Wind Direction
Number Day, Hour knots ~deg azimuth 1
1 $1110909 7.9 331.0 Y
81110912 15.4 322.3 o
81110915 14.4 329.4 "
81110918 12.6 328.2 :
81110921 12.1 322.4
81111000 15.8 312.0 ]
81111003 19.1 325.5 -
81111006 19.2 332.3 - J
81111009 17.6 342.1
81111012 13.7 330.8
81111015 14.7 321.4
81111018 14,1 333.8
81111021 15.7 333.3
81111100 14.5 20.6
81111103 13.9 18.8
81111106 14.5 16.9
81111109 13.5 14.0
81111112 8.7 33.6
81111115 6.4 301.6
81111118 6.5 320.2
81111121 8.7 315.0
81111200 12.1 13.1
81111203 11.8 27.6
81111206 10.8 38.7
2 81111921 16.9 321.7
81112000 22.9 332.6
81112003 22.5 336.9
81112006 22.0 331.9
81112009 20.4 337.4
81112012 14.2 323.9
81112015 11.7 310.1 1
81112018 12.4 333.7 e
3 81122306 14.8 340 1
f 81122309 12.4 278 )
S 81122312 11.8 19 .1 ]
{ 81122315 7.1 077 ]
® 81122318 8.7 al.9 °
[ 81122321 12.2 365 ;
. 81122400 14 .8 ak. 6 1
B 81122403 164 3 48 0 1
81122406 15.9 38 1
] {Continued)
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Table Al (Continued)

Date
Storm Year, Month Wind Speed Wind Direction
Ninnbet Day, Honr knots deg azimuth
; 1122404 19.1 52 .4
Bl122410 4.7 55.7 .
RIT2240Y 13.7 30.7 -
B1122418 17.2 30.1 —
81122420 14.5 37.5 -0|
AL122500 13.3 17.5
R1122503 13.0 14.0 _“_1
81122506 11.6 17.3 )
81122509 10.6 25.8 3
4 81122903 10.0 48.9 —!‘
81122906 13.0 41.9 B
R1122909 17.9 52.4 ,
{ 81122912 17.5 49 .2 .
{ 81122915 15.6 49.2 1
4 81122918 18.9 79.5 - 4
® R1122921 10.2 60.6 ,'{
81123000 9.4 55.7 -
11230073 13.2 58.4 .
K1123006 12.3 56.0 R
i K112 3009 12.7 72.8 ” }
51123012 12.7 75.3 o
s11e 30 0A 12.1 68.1 @
AR 10.1 71.0 T
o010 19.2 22.2 N 1
SL0 TR0 18.5 19.9 ivffl
So010R0 19.5 25.2 Ll
SO TORO 16.7 25.7 .'.,
AU TORON 16.3 35.0 D
RN TR 13.5 32.8
SO UR 8.7 26.6
SSETRNTER N 1.1 25.5 .
SRR AL 13.2 13.1 ’ 1
Sowh oo 13.5 17.5 i )
R ERTE 1.6 17.0 R
NELINE 8.3 15.6 -3
SRTINY K2 216 L]
v H| 3213 T
ol aq 325 .9 y
8.0 ite .4 o
: ] 330 .6 ]
G4ld 234 _
G401 17.3 L
) a0 13,4 . f
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- Table Al (Concluded)
CDate - __J
Storm Year, Month Wind Speed Wind Direction . -@
Number Day, Hour knots deg azimuth ]
5 82011009 6.5 50.0 1
82011012 14.9 43.9
82011015 1.6 373 1
82011018 13.7 30.5
82011021 21.3 16.3
82011100 19.1 19.8
82011103 17.2 23.7
82011106 16.5 19.9
82011109 13.4 38.6
82011112 10.0 31.1
82011115 5.8 60.1
82011118 6.2 74.4
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Table Bl (Concluded)

Date

Year, Month

Day, Hour

81122215
81122218
81122221
81122300

82010200
82010203
82010206
82010209
82010212
82010215
82010218
82010221
82010300
82010303
82010306
82010309
82010312
82010315
82010318
82010321
82010400

82010515
82010518
82010521
82010600
82010603
82010606
82010609
82010612
82010615
82010618
82010621
82010700

Wind Speed

knote

w
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Wind Direction
deg azimuth

164.
202.
176.
192.

95.

94.
104.
102.
116.
152.
152.
162.
176.
169.
158.
150.
165.
176.
192.
207.
250.

139.
137.
118.
152.
172.
173.
176.
165.
171.
170.
170.
176.
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