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FOREWORD

The Beach Erosion Board i¢ issuing a series of reports
providing wave statistics for telected regions of the coastal
waters of the United States, loverage of the coastal waters
of Gulf of Mexico is being provided by a series of five reports,
issued as Beach Erosion Board ‘lechnical Memoranda 85=89, The
need for such data is evident, and it is planned ultimately
to supply it by actual wave me:surements for sufficiently long
periods to establish the wave ;limate at many locations. How-
ever, with present instrumentalion and funds, and the long periecd
of record needed to supply ade:cuate statistical data, such a
field program for complete shote line coverage does not appear
feasible at the present time, The compilation of wave statistics
by "hindcast" techniques, thouih not as exact as recorded data,
nevertheless will provide the ingineer with better wave data
than have heretofcre been available,

This report presents the nethods utilized in obtaining
hindcast statistical wave data for locations in the Gulf of
Mexico, It demonstrates a numirical method of forecasting
wave generation and prepagatior over a sloping bottom taking
into account both generation by the wind and dissipation by
bottom friction, It also show: the averaging techniques used
to apply this method to statislical accumulation of hindcast
data in the Gulf,

This report was prepared "y Charles L, Bretschneider, a
hydraulic engineer in the Reseirch Division of the Beach Erosion
Board under the supervision of Joseph M, Caldwell, Chief of the
Division, At the time the repurt was prepared, Brigadier General
Theron D, Weaver was President of the Board,

Views and conclusions staled in the report are not necessarily
those of the Beach Erosion Board,

This report is published under authority of Public Law 166,
79th Congress, approved July 3., 1945,
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WAVE FORECASTING RELATIONSIIPS FOR THE
GULF OF MEXICO

by
Charles L, Bretschneider, Research Engineer
Beach Erosion Bbard

INTRODUCTION

This report describes the development and application of a
method for computing wind wave data over the Continental Shelf along
the United States coast of the Gulf of Mexico, Methods for forecast-
ing deep-water wind waves, and wind waves in shallow water of con-
stant depth, such as shallow lakes and bays, are already available
(8, 9, 12,16)*, The problem of the Ccitinental Shelf of the Gulf of
Mexico, however, is more complex, since here the waves may generate
originally in deep water, but then, unider the continued influence of
wind, are propagated shoreward over the2 Continental Shelf where bottom
friction and type of bottom profile become important, Because of
the variety of initial deep-water concitions and bottom profiles,
each location requires separate treatm2nt, A set of generalized fore-
casting curves is required for each 1lccation and each direction to
bring the waves in over the shallow sloping bottom to the desired
depth, Using deep-water forecasting r1elationships and taking bottom
friction into account, a generalized uet of dimensionless forecasting
relationships is prepared for each of the five locations (Figure 1)
in the Gulf of Mexico for which statiutical deep-water wave data are
compiled (1, 2, 3, 4, 5), The forecasting curves are intended for
the most frequent minimum fetch and corresponding wind speed for
various deep-water wave height ranges and average Bottom conditions of
various directions, For the cases of winds parallel to the coast or
from land to sea the curves are applitable to all water depths,
However, for the case of winds blowiny from sea toward land, the
forecasting relationships are satisfatutory only for depths of about
20 feet or greater, although the techiique has been stretched to a
depth of 12 feet for cases where windi are not too high, At depths
of about 20 feet or less the bottom s.ope changes too rapidly for the
theory to apply, and longer period swi!ll will be breaking in the surf
zone, thereby obscuring the wind wave pattern, Examples on the use
of the forecasting graphs are given in Appendix A,

It must be emphasized that a ceriain amount of averaging is re=-
quired to simplify the problem, and the forecasting curves must be
used with discretion for other than n!arby locations, where refraction
becomes important, The forecasting cirves result in wave heights to
within +10 percent of the average conlition, except in the extreme

case of shoal areas.

*Numbers in parentheses denote refereices listed at end of text,



Statistical distributions of wind waves from records (not yet
completely analyzed) obtained in tie Gulf of Mexico agree fairly
closely to those presented by Putz (6) based on wave records for the
Pacific Coast of the United States, Locations selected for develop-
ing forecasting relationships and for which statistical wave data
are computed are shown in Figure 1, Wave statistics for these
locations are given in the followi:g Beach Erosion Board publications,

Wave Statistics for Technical
Gulf of Mexico Memorandum No,

Off Brownsville, Texas 85

Off Caplen, Texas 86

Off Burrwood, Louisiana 87

Off Apalachicola, Plorida 88

Off Tampa Bay, Florida 89

BASIC EMPIRICAL RELATIONSHIPS I'OR WIND-WAVE GENERATION

Empirical relationships for the generation of wind waves may be
arrived at by use of the Buckinghar Pi-theorem(7), supplemented by
wave observations, provided the obuervations extend over a wide enough
range of the variables, In general the variables to consider are as
follows:

Dimension .

Variable Symbol {on the f,1. t system)
wind speed U 1/t
wave height H 1
wave period T t
wave length L 1
wave speed C 1/t
fetch length B 1
wind duration t t
acceleration of gravity g 1/t2
depth of water d 1
bottom slope Sd/ox 1/1
bottom friction factor f dimensionless
bottom percolation factor p 12/¢
refraction factor Ko dimensionless

In setting up the dimensionless relationships one can make use
of the Airy wave theory (eq., 1 and 2) to eliminate the variables L and C,

2
¢ N 2ri
L 2 tanh I @)

2 _ gL 2rd
C® = 2= tanh = (2)

na
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Thus one obtains equations 3 and 4:

H=H (g.U,P.t,d.Sd/&x,f.p.Kr) (3)

T

T (gsU,F,lked, Sd/SX.f.p.Kr) (4)

By use of the Pi=theorem it can e shown that:

g‘H/U2 = E% Et, z%. ?5(3!/8x.‘f.p,ur * (s
U v u
. gk, gt, gd, 8d/Bx,f.p,K (6)
= 2 2 r
U u U u

Equations S and 6 can be reduced to certain special cases, some
of which are as follows:

a. Deep water, unlimi:ed wind duration:

g /U2 =¢1(5';=;> (52)
o U(l
_ F

gT/u = \PL<5—U2> (6a)

b, Deep water, unlimined fetch length:

gHo/Uz =¢,2(-”3> (5b)
- gt (6b)
=y, (& )

c. Shallow water, imp:rmeable flat bottom, constant bottom
friction factor, and unlimited wind duration:

gi/u” =6, (gi /U2, gdsu?) (5¢)

6
gr/u =#/3 (gFNUZ, gd/Uz) (6c)

d. Shallow water, imp:rmeable flat bottom, constant bottom
friction factor, and unlimited fitch length:

g /u? =¢, (it/U, ga/v®) (5d)

2
gT/u =\P4 (gl/U, gd/u®) (6d)

4

*¢ and  presents function notation,



e, Shallow water, impermealble flat bottom, constant bottom
friction factor, unlimited fetch and unlimited wind duration:

g/ =¢g (ga/v?) (5e)
/U =y o (ga/u?) (6e)

Expressions 5a, 5b, 6a, and 6b ripresent the deep-water wave
generation relationships (Figure 2) ol Bretschneider(8); expressions
S5c, 5d, Se, 6¢c, 6d, and 6e are strictlly for shallow water with a
bottom of constant depth, such as shalllow lakes and bays,

Equations 5 and 6, applicable to the Continental Shelf of the
Gulf of Mexico, are somewhat involved, One can simplify the work by
considering the following:

a, In most cases wind wavis in shallow water are limited
either by the fetch length or the watir depth at the end of the fetch,
or a combination of a fetch length an:! water depth, Thus by introduc-
ing the concept of minimum fetch lenglh the parameter gt/U can be
eliminated,

b, If one limits the devel:pment to average cmnditions,
the refraction coefficient kr can be jeglected temporarily, but applied
later, This is perhaps more justifianle since it is difficult to
determine refraction of short-crested waves of growing period under
the continued influence of wind,

Assuming then that the bottom friction factor is constant, one
obtaing for the generation of wind wa,/es over the Continental Shelf:

gﬂ'o/uz =<#6 (gF/Uz, gd/Uz, bottom profile) (5fF)

e/ =y (g2, gd/U%, bittom profile) (6f)

where d is the depth of water at station of interest, and F is the
minimum fetch from deep water to d/L = 0,5,

The term HY o’ equivalent deep-wal|er significant wave height¥*,
has been introduled in place of the aitual significant wave height H s*
which can be obtained from:

. H'o Ks, where (7
K is the shoaling factor given by Fijure 7, which was prepared from
S tables by Wiegel(10),

5
*The term H'  equivalent deep-water significant wave height, is defined

as that height the shallow-water significant wave would have had in deep
water if umaffected by refraction or energy losses or gains,



The introduction of H'o simjilifies numerical computations required
to obtain the wave height in shallow water,

Theoretical Considerations, The discussion following is limited
to that necessary for the undersianding of a numerical procedure for
computing wind waves in shallow water. Sverdrup and Munk(1ll) have
presented a detailed theoretical development for generation of wind
waves in deeb water, The basic cifferential equation for the steady
state condition is:

>E E ?>C
g—’—(+§=g;—ktzkn,where (8)
= deep-wa&er wave speed
1/8 pgH”, wave energy
density
acceleration of gravity
wave height
rate at which energy is being transferred from wind to
wave by tangential stress
rate at which energy is being transferred from wind to
wave (or wave to w:.nd) by normal pressure

=
+ Tg O IO 0

=~
=
fl

R, + R =R
n

. wher (9)
¢ RC. ere

H

R = rate at which energy is transformed into wave height, and

R = rate at which energy is transferred into wave speed,

In a report by Bretschneider and Reid(12) a detailed development
is presented for the change in wgve height (of swell travelling over
a shallow bottom) due to bottom friction, percolation and refraction,
éssuming no wind effect. The basiic differen tial equation for the
steady state condition is:

nc_b_(ma) 4 Eb d (nc) _ [D +D }b (10)
d x X £ p
where
2
B = 1/8 pgH”, wave energy
C = wave speed
n = fraction of energy travelling with wave speed
b = perpendicular dist:nce between two wave rays
Df = rate at which energy is being lost due to bottom friction
Dp = rate at which energy is being lost due to percolation

Special solutions of equation 10 are given in reference (12).

If the waves are small and consist of a uniform train being
generated in shallow water one may write the following differential



equation for the steady state conditipn, neglecting refraction and
percolation:

d(ncE)

R #«R =D (11)
dx H o

f

Two general cases for equation 1l exist: (a) {or D, = 0, which
results in the deep-water wave forecajting relationshipg, Bigure 2;
and (b) for R, + R = 0 which results in the rela&ionship for wave
energy loss (wave ﬁeight reduction) diie to bottom friction, Figure 3,
A general solution of the above equation is difficult, because one
needs to know how Ry and R_ are affecied by D¢. For this report it
is assumed that Ry and R. are related to C/U in some manner (the
exact manner is not important) such ay that given by Sverdrup and
Munk(11)3 and wind speed, U, and minitum fetch lengthy B i, are given
by Figure 2, This is not strictly cofrect but adjustments are made
in the selection of an apparent botton friction factor which permits
a computational procedure and gives ajreement between observed and
computed wave heights under known conilitions, Purthermore, because
of the nature of the problem, the clojjer to steady state conditions
in shallow water, the less dependent s the wave period omn energy
exchange from wind to wave to dissipalion by bottom friction. Using
the above relationships and the relationships for wave energy loss
by bottom friction, Pigure 3, it is ppssible to solve equation 11 by
numerical means or successive approxihations, An actual mathematical
solution of equation 11 is not necessiry since various coefficients
must be determined from empirical dat), and since in general numerical
means are required for a bottom of vaiiable depth and slope, The
proper procedure then is to set up a omputational procedure and use
observations where available, such thut a comparison can be made
between observations and computations, If satisfactory agreement is
reached where wave data are available, then the method can be extended
to locations where wave data are absent, This has been done for the
special case of a flat bottom using a bottom friction factor f = ,01,
The resulting relationships agree quilie well with wave observations
from Lake Okeechobee, Florida, and th! nearly flat areas of the Gulf
of Mexico, as shown in Figure 4 repro/luced in part from Bretschneider(13),
The numerical procedures( used in artiving at these relationships are
similar to those used on the Contineni;al Shelf, discussed below.

7

*Minimum fetch and minimum duration ol wind are definitions pertaining
to steady state conditions, Minimum jluration is that duration of wind
(equal to or less than actual duratio!i) for any particular wind speed and
fetch length required for steady stat| generation, Minimum fetch length
is that fetch length (equal to or les} than actual fetch) for any par-
ticular wind speed and wind duration [equired for steady state generation,
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A BOTTOM OF CCNSTANT DEPTH
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Numerical Procedure, A procedur| for computing wind waves over a
bottom of constant depth and also ove' a bottom of constant slope has
previously been described(9), In gem'ral the procedure for a bottom of
constant depth can be applied to windj blowing parallel to the coast and
the procedure for a bottom of constan| slope can be applied to winds
blowing perpendicular to the coast. ‘'hrough continued use of the
above techniques, it was found that tie procedure for bottom of constant
depth could be used satisfactorily ovir a bottom of constant slope, pro-
vided the bottom slope was segmented [nto equal steps, each having an
average constant depth., Computations based on a flat bottom relation-
ship are much less involved than for i, sloping bottom, PFor this reason
the bottom profiles are segmented int: increments of constant depth,

Pigures 2 and 3 are those required to predict the changing wave
characteristics as the wave moves over the shallow slope, Figure 2
is used to determine curves of H, and T'g versus fetch length for various
wind speeds, and in effect represents wind-wave energy generation,
Figure 3 is used to compute a reducticn factor K¢ to be applied to
H, to account for the dissipation of vave energy due to bottom friction,

In regard to wave generation by cnshore winds there are two con=-
ditions to consider. First, the initial deep-water waves generated
may be propagated shoreward as swell uvnder the continued influence.of
the generating winds; and second, regeneration of wind waves is con-
stantly taking place all along the feich over the Continental Shelf,
Swell will feel bottom far from shore and commence losing energy at an
early stage, whereas wind waves with shorter period continue to grow
and do not feel bottom until they are sufficiently large and are
nearing the coast, In the breaker zor:s ome would observe both swell
and wind waves, and the present method of computation cannot be
applied here, The steps are as follows: ™

a, A wind speed is selected, and a graph of H, and T versus
fetch distance is computed from Figure 2, Pigure 5 is an example for
a 26=knot wind and unlimited wind duration,

b, The minimum fetch length, Fpjn, is selected and Hy and T
is determined at F = F ;. . The deep-water wave length is given by
L, = 5.12 T2, and the waves will begin to feel bottom at a depth
d = L0/2. This is the initial point from which to begin computations
shoreward,

¢. The bottom profile along the fetch toward the location
of interest is determined., The traverse is segmented into at least
ten equal increments, AF, of about 5 t> 10 miles in length, depending
on the bottom slope and width of Contijental Shelf, Figure 6 is a
typical example,

d., An average depth, d

aver LS determined over each increment
(Figure 6),

* See Bretschneider (20) for an alternutive method for computing wind
waves for high wind speeds and short fetches.
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e. A deep water wave he ght, H and wave period T is
determined at the beginning of the first increment of AF using
Figure 5 and P = F i,

f. This value of H, is 'hen assumed to travel over the
increment AF as swell taking botto: friction into account, This is
done by use of Figure 3, The quan'ity _E%E is determined using

bottom friction factor f = ,0l bas/d on Lake Okeechobee studies and
wave data in shallow water of the (iulf of Mexico; H = K_ K H , where

K is the shoaling factor (obtaine|l from Figure 7); K_ is the re-
ffaction coefficient over the incriment AR; AX = 6080 AF, where AF is
in nautical miles; d = d y» averaie depth over the increment AF; and
T2/d is computed using the® average significant period over the
increment and the average depth, d e Kf is read from Pigure 3 and
the actual significant height is equal to H Ho Kf Ks Kr'

g. An equivalent deep-witer wave height H' is obtained

from H' l(f H o®

h, Using H'° and Pigure 5 for example, an equivalent deep-
water fetch length F' "is obtained, For the case of regeneration of
wind waves one also obtains an equivalent deep-water period, To.

i, An equivalent deep-water wave height is determined at

the end of the second increment using P = P'e +AF = P using

RFigure 5 for example, For the case of regeneration of wind waves one
also obtains an equivalent deep-water period,

jo With the average wav: height 1/2 (H |+ H'oz) steps f,

g,h,and i are repeated, (This gives the swell height when the wave
period T is held constant; T is given for U at F = F_...) Using the
average wave period 172 (T + T ,) steps f, g, h, amd i are repeated,
This gives the regenerated windgﬁave height, The above procedure is
used for all except the last increment or until the wave breaks, which-
ever occurs first, Usually the lest increment cannot be treated by

the above method since here the bcttom slope increases too rapidly,

The above procedure can be used fdr depths from deep water to about

20 feet, but has been applied to cepths of 12 feet, when tiffe winds
are not too great,

k, The maximum wave he:ght for all except the last increment
is computed from

0.1 ,
L‘lé_zsl_} +10% 5 784 3 L.BT H_ (12)

H = H
max s { U2
The above formula is obtained fror a report (13) based on wind-generated

waves recorded in the Gulf of Mex:co and hurricane wind-generated waves
recorded in Lake Okeechobee, Florida,
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1, Maximum waves over the last increment and the location
of breaking are obtained by plott . ng Hy = .78d seaward from the coast,
A continuation of the smooth curve of H obtained in (k) is made

max
until it intersects the curve of Ib = ,78d.

In general the swell heights (under the influence of wind) and the
regenerated wind-wave heights in !ntermediate to shallow water will
be about the same, except in the lreaking zone where the swell having
a larger shoaling factor, becomes dominant, and the wind waves will
be superimposed thereon., The rea:ion swell heights (under the influence
of wind) are about the same as th( regenerated wind waves in inter=-
mediate to shallow water is that ¢ issipation of wave energy by bottom
friction tends to become independ¢nt of wave period, This can be seen
from Figure 2 where the isolines lecome crowded for large values of
T /d It is for this reason that one can use the wave-period relation-
ships given for deep water when cimputing generation of wind waves in
shallow water,

As an example, the above protedure has been used to compute wind
waves from deep water over the bo'tom profile perpendicular to shore
off Caplen, Texas, using U = 26 kiots and F_ ;. = 200 nautical miles
(over deep water to d/L = 0.5). 7The results of these computations are
given in Table 1 and Figure 8, Tlis particular profile was selected
since it consists of several diffe¢rent locations having the same depth.
It is quite an irregular bottom profile, others being less irregular.
For example, from Table 1 and Figire 8 there are two 40-foot depths,
one for which H' = 10,9 feet and the other H' = 8,7 feet, the average
value of H' = 928 was used to corpute gh' /U2%versus gd/U2 and gR/U2
used in Figure 11, This shows th:t one can expect forecasts on the
order of + 10% of the values obtained from the forecasting graphs,
discussed below,

GENERALIZED FORECASTING CURVIS POR THE GULF OF MEXICO

In general, for any location on the Continental Shelf, three
special cases for wind-wave gener:tion exist: (a) winds blowing
parallel to the coast, (b) winds i lowing from land to sea and (c) winds
blowing from sea to land, A set ¢f generalized forecasting curves has
been prepared based on the above numerical procedures, These fore-
casting curves are discussed belov:

a, Case I, Winds Blowirg Parallel to the Coast, In this
case, except where very irregular bottom topography exists, the best
approach is to use the flat botton relationships of gH°® /Ué, versus
gd/U2 and gF/U2 given in Figure 9,

b, Case II, Winds Blowing from Land to Sea, In a report
by Bretschneider and Thompson(14) it was shown that for most offshore
winds, waves are generated which co not feel the bottom, This is
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SUMMARY OF COMPUTATIONS FOR EXAMPLE OF WIND-WAYE GENERATION OVER THE CONT INENTAL SHELF

Incre=-
Line ment
1 X* n.m,
2 P n,m,
min
3 AF n,m,
4 1 feet
5 d2 feet
9 d feet
ave
7 H feet
ol
8 Huz feet
9 H feet
ave
10 T . sec
11 TDz sec
12 T sec
o ave
13 If sec’/feet
d
14 K
s ave
15 ﬁﬂ%&
d
6
1 Kf
[ ]
17 H 8 feet
18 3 h.m,
P
2
1 L] - L ] L ]
HY gH O/U (H ™ H 02)
2
20 gd/U” (d = d?)

* X is distance from shore,

1
100
200

10
deep
300
deep
13,3
13,3
13.3

9.4

9.4

9.4

deep
1.0
small

1.0
13.3
200

«221

4,98

230
265
13,3

13,3

13.3
9.4
9.4
9.4

333
990
.114

1.00
13.3
200

.221

3.82

230
190
210
13,3
13,3
13.3
9.4
9.4
2.4

985

180

9993
13.29
190

«221

3.16

4

70
190
10
190
175
182.5
13,29
13.30
13.295
9.3
9.4
9.35

.48

.975

.212

.9982
13.28
187

221

2,91

- 1
60
187
10
175
130
152.5
13.28
13,30
13,29

. 334

.9932
13,21
132

.219

TABLE I

.974
12,94
155

215

ke

40
155

100
80
90

12,94

13,00

12,97
3.94
9.00
8,97

. 894

.921

.438

974
12,66
136

«210

1,33

.650

.955
12,19
112

.202

40
51.5
12,19
12,31
12,25
8.25
8.35
8.30

1,335

914

1,285

.885
10,89
74

.181

. 664

10
25
74

40
50
45
10,89
11,11
11,00
7.52
7,02
7.57

1,29
.913
1.51

870
9,67
53.5

161

.B31

50.5
9.67
10,01
9.84
6,94

7.10

7.02

.975

12
15

1.02

940
9.09
a5

151

. 847

13
10

45

51

35
44,5
9.09
9.43
9.26
6.6
6.8
6.7

1.01
018

1,30



because the fetch length, increasing ieaward, is limiting. As the
fetch length gets longer the wave per .od gets longer, but the water
depth becomes greater., This would imlicate that for offshore winds,
one may use the deep~water wave foreciisting curves, Figure 2.
Actually Figure 9 can also be used, s .nce the lines of constant gF/U2
terminate on the right hand side of F gure 5 at deep water,

c, Case III, Winds Blowing from Sea to Land, This is per-
haps the most complex situation for wive generation, and no one set
of curves can be developed similar to those for Cases I and II, Since
each location has a different bottom |rofile leading shoreward from
various directions, a set of graphs wiuld be required for each direction
for each station, This becomes impra: ticable just as the numerical
procedure discussed in the previous siction becomes impracticable when
one requires a multitude of forecasts For this reason one generalized
forecasting graph for onshore winds ii. prepared for each of five locations
in the Gulf of Mexico. The forecastiig curves are computed by the
procedure outlined above based on the following conditions:

(1) The most frequent minimum fetch length was selected
for each wind speed range and onshore direction, based on wind and
fetch statistics using three years of weather maps from the files of
A. H. Glenn and Associates@%: The most frequent fetch length associated
with a particular wind and direction vas determined from

F F.: F b LN 3
154 F i By byt e s Bt (15)
B t, % 1 + t_ + ... t

1 2 3 ¢ n

where F_ is the minimum fetch length :nd t, the duration of a particular
" N ) . ) 1
wind an& direction over this fetch, eic,

(2) For each location an average bottom profile was
determined based on three shoreward b« ttom profiles, forming the cone
of 45° on each side of the profile peipendicular to the coast, The
profile perpendicular to the coast wa: given double weight in determining
the average, This was done for each !ocation, resulting in five average
bottom profiles, Each of the average bottom profiles was divided into
short increments, and an average deptl over each increment was determined,
Computation of wind waves were then mide as outlined above,

{3) Values of H' » F . » d; and U were tabulated, d _

m:in
depth at end of fetch F where H'0 appl ies, From the above, values of
gi'o/Uz. gF/U2 and gd/U2, were determined where F is same as F_; and

d same as dp. A generalized plot was made of gH!* /U2 versus gd/U2 and
isolines of gF/U2, This required a certain amount of smoothing to
obtain the best overall picture, Scaiter of the data, however, was not
significant, being less than +10% of {he final selected curves, The



resulting families of curves for ach location are given in Figures 10,
11, 12, 13 and 14 respectively fo; Brownsville, Texas; Caplen, Texas;
Burrwood, Louisiana; Apalachicola, Florida; and Tampa, Florida, These
figures can be used for forecastiig wind waves for onshore winds
perpendicular to the coast +45°,

These forecasting curves are used to compute the shallow water
wave statistics given in referenc:s (1, 2, 3, 4, 5) making use of the
duration of individual wind speed ranges and the corresponding most
frequent minimum fetches,

It must be emphasized that c:rtain assumptions were required to
obtain the forecasting curves for wave statistics purposes, and that
individual forecasts may deviate > #10%, It is therefore, necessary,
that any individual forecast take these factors into consideration,
Since the curves have not yet bee: used for daily forecasts, it is
difficult to recommend any modifi:ation except that the following
suggestions seem in orders

(1) Por onshore winds »jerpendicular to the coast one might
multiply values of H‘o by 1.1, wh:re H'o is determined from the proper
figure,

(2) Por onshore winds >lowing at 45° to the coast one might
multiply values of H'o by 0.9, (The above rules of thumb need to be
checked against observations,)

(3) Allowance should b: made for location ahead of and
behind various shoal areas.

DETERMINATION OF SIGNI ICANT WAVE PERIOD

No generalized forecasting cirves are presented for obtaining
the significant wave period, Altiough a wave period is necessarily
used and obtained in the computations for wave height it is not
necessarily the significant wave jeriod, although it may be close to
the significant period, However, the significant wave period has a
"definite significant relationshi)" to the significant height, It is
shown by Bretschneider(20) for de:p-water wind waves for gF/U2 = 10,00(
that the average value of the sigiificant period is related to
the significant height by:

H /T : = 0,22 : (14)
o o

This expression is quite significint since it agrees with Jasper(2l),
wherein one may determine the av:rage value of H /T 2 ¥ 0,20, based
on deep-water wave observations i1 the North AtlaRtig. From Pigure 3
one may determine for shallow wat: (gd/U2 = ,0l1 to 1.0):

H'O/TZ = .17 & 20% (15)

20
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Using expressions 14 and 15 it follows:

T
o

2.13 Vﬁo for de:p water (1ov)

T

s 2.43 \/ﬁ'o 4+ 107 for shallow water (17}

Once the significant wave heights o’ wind waves have been obtained
it is possible to obtain approximately tie significant wave period
directly from the above equations,

DISTRIBUTION FUNCTIONS FOR WIND WA'ES FOR THE GULF OPF MEXICO

The preceding material is used for )btaining the significant wave
height and period, Actual use of foreca;ts made from relationships
presented in this report, as well as the hindcast wave data presented
in the Beach Erosion Board Technical Mem))randums 85, 86, 87, 88, and
89 must take into account the distributiin of all individual waves
making up the wave train, Wind wave rec)rds* obtained in the Gulf of
Mexico appear to have a distribution of ieights and periods very close
to those of Putz(6), based on Pacific Oc:an wave data, Therefore,
Figures 15 and 16 reproduced from Putz(6 ' can be used temporarily to
obtain the distribution of heights and p'riods, respectively, once the
significant waves are forecast, Relatioiships between the significant
wave height, H_; average wave height, H__ ; average of highest ten
percent, H, ; Sand the maximum wave, H 'Y have been established by

Munk(16),Wiegel(15), and Siewell(17), baled on the analysis of wave
records, Snodgrass(18) summarizes the arerage values as follows:

M = 1,87 + 20% (18)
max s =
= (19)
"1/10/Hs 1.29 + 10%
Havems = .65 _4_' 10% (20)

Based on the analysis of wind wave recor(s in shallow water, Bretschneider(13)
finds that:

o1
= £ il gd_
H/Hmax [145 UZ] : 10% for UZ < 2.5 (21)

H1/10/Hs = 1,23 + 10% (22)

Additional analysis of these same data g: ves:

H /H = ,675 + 10% (23)
ave s -

24
*Analysis of all wave records from the G 1lf of Mexico has not yet been
completed and the results are therefore not presented at this time,
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APPENDIX \

EXAMPLE FOREC \ST

Determine the significant wave height, Hg; maximum probable

wave height, H;..; average of highe;t ten percent of waves,
and the average wave, Have;

(a)
(b)

(c)
(d)
(e)
(1)
(1II)
(I1D)
(Iv)

Solution:

H .
for the following conditions: 1/10;

Location off Caplen, Texas

Minimum fetch length of 200 nautical miles (1,216,000
feet)

Unlimited wind durat.on

Wind speed 26 knots 144 feet per/sec)

Wind direction, SE

for deep water

at a water depth of .0 feet

at a water depth of .0 feet

at a water depth of 0 feet

32.2 x 1,216,000

4c?

2
gB/U" =

= 20,300

for deep water
gd/U2 = 6.6

gi_ll

U2

© & .22 (Fig. 7)

2
.22 (44)°

' =
i 5 e 32.2

= 13.3 feet
(o] 3

T, =2.13 V13,3 (+10%) = 7,75 seconds + 10%

Hoax © 13,3 x 1.87 = 24,9 feet 4+20% (equation 18)

H1/10 = 13,3 x 1,29 = 17,2 feet +10% (equation 19)

H ® 13,3 x .64 =

8,52 feet +10% (equation 20)
ave v —

II = for d = 40 feet

32,2 x 40

gd/U2 = >
(44)

= ,668



= ,175 (Pig, 11)

175 (44)°

= = | -
g = 33.2 10 5 feet (Note H 10,9 and 8,7

from TaBle 1)

'I‘s = 2,43 V10,5 +10% :: 7,9 sec +10% (equation 17)

tal
[}

919 (RPig. 7)

=~
n

10,8 x ,92 = 9,85 feet
_0.1
H _=09.85 [145 x ,66]] = 9.85 x 1,58 = 15,5 feet
max s
+10% (e juation 21)

Hy j10 = 9485 x 1,23 = 2,1 feet +10% (equation 22)

Have = 9,85 x ,675 = 6.65 feet +10% (equation 23)

IIT -~ for d = 20 feet

gd _ 32,2 x 20

s ———— = 331
u? (44)2
gH'
=,108 (Fig, 11)
U
(44)2

H* = ,108 ———— = 6,5 feet (Note: H' = 6,83 Table 1)

o 32,2 o

T = 2.43 V6.5 #10% = 6,10 seconds +10% (equation 17)
T 2/d =1,92
s

K, = .929 (Fig. 7)



Hs = 6,3 x ,929 = 5,85 feet

0.1
H = 5,85 [i45 b .334] = 5,85 x 1,47 = 8.6 feet
max
+10% (equation 21)
H1/10 = 5,85 x 1,23 = 7,20 feet +10% (equation 22)

Have B 5,85 x ,675 : 3,96 feet +10% (equation 23)

IV = for d = 10 feet*

32.2 x 10
o DBk Rt

5% X 167
] (44)
|
ety
=2 = .06 (Fig. 1))
v
2
HY =06 S%%li = 3 6 feet

T ™ 2.43 V3.6 #100 = 4,60 seconds +10% (equation 17)

L, = 5.12 [}.15]2 = 108 feet

d/L0 = 10/108 = ,09:5

-~
n

.939 (Fig. 7)

= .,939 x 3.6 = 3,4 feet
ol
H = 3.4 E45 x .16%] = 3.4 x 1,375 = 4,8 feet

4+ 10% (equation 21)

X
[

Hy /10 ® 3.4 x 1,23 = 4,2 feet +10% (equation 22)
H e = 3.4 X 675 = 2.3 feet +10% (equation 23)
A-3

*Note: Por this particular depth the inswers are only approximate, since

the theory is extended too far into tie steeper zone of the shoreward
portion of the Continental Shelf, In fact, these waves may well be obscured
by longer period swell breaking in th: surf zone.The predominant period of
the swell will be on the order of 7.9 seconds as given in the first example,
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