


t'.I%I.ATM COPE
Sea Grant G."yositoq

COASTAL AND OCEANOGRAPHIC ENGINEERING LABORATORY

University of Florida
Gainesville, Florida

Technical Report No. 15

LITTORAL DRIFT COMPUTATIONS ALONG THE COAST

OF FLORIDA BY MEANS OF SHIP WAVE OBSERVATIONS

By

Todd L. Walton, Jr,

Prepared Under
Grant No. NG-3-72

National Oceanic and Atmospheric
Administration Sea Grant Program

Washington, D. C.
February, 1973



ACKNOWLEDGEMENT S

The author is indebted to Dr ~ R. G. Dean for his guidance and

valuable comments throughout the project which led to this report.

The encouragement given by him during the writing of this report is

also deeply appreciated. The author also wishes to thank Dean

M, P. O' Brien for his valuable suggestions, and review of the report.

In addition, thanks go to Mrs, Susan Phillips and Mrs. Marilyn

Morrison for the typing of the rough draft, and to Mrs' Jeanne Ojeda

for typing of the final manuscript. Thanks are also extended to

Bruce Heinly and Denise Frank who did much of the drafting and plotting

of various diagrams.

Appreciation is also extended to the Coastal Engineering Research

Center, U. S. Army Corps of Engineers, for the use of compiled wave data

taken from shore wave gauges operated by CERC in Florida, the results of

which have been summarized in this report.

The work presented in this report was conducted under the National

Oceanic and Atmospheric Administration Sea Grant Program, Grant No, NG-3-72,

a program entitled "Nearshore Circulation, Littoral Drift, and the Sand

Budget of Florida." The support of the Sea Grant Foundation is greatly

appreciated.

The facilities of the University of Florida Computer Center were

utilized for the computations in this study.



TABLE OF CONTENTS

~Pa e

ACKNOWLEDGEMKNTS.......,...........

LIST OF TABLES

vi
LIST OF FIGURES

ix
LIST OF SYMBOLS' . ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ t ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ro ~ ~ ~ ~ ~ ~ e ~

xiii
ABSTRACT

CHAPTERS;

INTRODUCT ION a ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ v ~ ~ ~

A. Introductory Note..

B. Statement of Problem.

THEORETICAL BACKGROUND AND APPLICATION OF DATA.........

B. Method of Computing Littoral Drift

C. Correlation of Longshore Knergy Flux with
Littoral Drift..... 9

~ ~ ~ ~ 0 t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ I4D. Data Source

E. Analysis of Wave Data to Compute Longshore
Energy Flux ~ ~ a ~ ~ ts ~ ~ ~ ~ ~ ~

23F. Data Weighting from Adjacent SSMO Squares........

27RESULTS ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~

27A. Results of Study.

28B. Use of a Littoral Drift Rose

29C. Possible Sources of Error....,,.

29l. Krrors in the Data.

A. Sand Transport in the Nearshore Coastal Zone....... 5



TABLE OF CONTENTS  CONTINUED!

~Pa e

2. Errors in Longshore Energy Flux Analysis....... 34

3, Errors in the Correlation of Longshore Energy
Flux with Littoral Drift 43

4. Other Errors..

LITTORAL DRIFT COMPARISONS

45

IV

A. Comparison of Calculated Littoral Drift Rates
with Previously Estimated Values................, .. 47

1. Lit toral Dr if t Computations for Inlets...,..... 47

2, Littoral Drift Computations for Barrier
Islands 58

B. General Trends and Specific Cases of Littoral Drift- 60

C. Comparison of Estimated and Observed Wave Climates.. 64

75CONCLUSIONS

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 78REFERENCES

APP END ICE S:

82DERIVATION OF LONGSHORE ENERGY FLUX EQUATION..........

ANALYSIS OF SSMO WAVE HEIGHT, PERIOD, AND DIRECTION
88GE S ~ ~ ~ ~ ~ ~ ~ ~ + ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~RAN

CALCULATION OF BREAKING WAVE HEIGHT, DEPTH, AND
BREAKING ANGLE......... ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ 93

ADDITIONAL FIGURES--LITTORAL DRIFT ROSES AND WAVE CLIMATE ROSES.... 97



LIST OF TABLES

Table
~Pa e

Comparison of annual average net littoral drift rates
as estimated by the U.S. Army Corps of Engineers and
as calculated by the present study.. 48

Comparison of annual average total littoral drift rates
as estimated by the U. S. Army Corps of Engineers and as
calculated by the present study. 49

Average annual littoral drift rate gain or loss in inlet
control section.........., 53

Drift computations at Ponce de Leon Inlet, Florida..... ~... 56

Recording periods of shore based CERC wave gages used in
comparison of actual to predicted shore wave climate.....,. 67

Representative values of wave height used in computation
of longshore energy flux.. 90

II-2 Representative values of wave period used in computation
of longshore energy flux. ...... ~ .. 90



LIST OF FIGURES

~Pa e

1 Sand beaches in Florida

2 Complex littoral system.

3 Distribution of longshore velocity and sediment transport
across the surf zone  after Zenkovitch [9]!. 8

4 Longshore energy flux versus littoral drift relation-
ships  from Reference [11]!. .. , .... . ...,.... . ... 10

5 Definition of azimuth angle normal to shore and azimuth
angle of wave propagation. 18

6 Relationship between direction of wave propagation and
direction of longshore energy flux 22

7 Location of SSMO data squares adjacent to the Florida
Peninsula 24

8 Procedure for linear interpolation of wave climate from
adjacent SSMO data squares......... 26

9 Azimuth of normal to shoreline at Ponte Vedra Beach,
Florida 30

IO Determination of net and total littoral drift at Ponte
Vedra Beach, Florida 31

ll Variability of net littoral drift with friction coefficient
between Fort Pierce Inlet and St. Lucie Inlet, Florida....,. 37

12 Variability of net littoral drift with permeability
between Fort Pierce Inlet and St. Lucie Inlet, Florida... 39

14 Variability of net littoral drift with orientation of
profile between Cape St. George and Lighthouse Point,
Florida...,. 42

15 -Relative wave energy at shoreline along the Florida
Peninsula as computed using the SSMO data. 44

13 Profiles used in modification of offshore wave climate
between Cape St. George and Lighthouse Point, Florida.....,. 41



LIST OF FIGURES  CONTINUED!

~Pa e

16 Control section for calculation of drift at an inlet.....,.

54Ponce de Leon Inlet control section.17

18 Total drift roses for segments of shore adjacent to
Ponce de Leon Inlet 55

Example drift calculations at Treasure Island, Florida..... 59

Ideal case of an unstable null point.....,.................20

Ideal case of a stable null point ..................,,... 6521

22 Comparison of computed and observed wave heights at
Daytona Beach, Flori.da. 68

23 Comparison of computed and observed wave periods at
Daytona Beach, Florida.. . . .. ..,.............. ,...,,, 69

24 Comparison of computed and observed wave heights at
Lake Worth-Palm Beach, Florida...................., .. 70

25 Comparison of computed and observed wave periods at
Lake Worth-Palm Beach, Florida............................. 71

26 Comparison of computed and observed wave heights at
Naples, Florida........... 72

27 Comparison of computed and observed wave periods at
Naples, Florida........ ~ ............ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ 73

28 Variation of net littoral drift with seasonal wave cl

between Fort Pierce Inlet and St. Lucie Inlet........
comate

76

Parameters describing propagation of waves from deep
shallow water....................... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

to
83

II-1 Modification of wave data for waves parallel to coastline..

III-1 Approximation for breaker height  from Reference [ll]!.....



LIST OF FIGURES  CONTINUED!

Al through A50 Average Annual Net and Average Annual Total Littoral
Drift Diagrams Along the Florida Peninsula

Bl through B12 Annual Wave Height and Wave Period Roses for Offshore
Wave Climate Along the Florida Peninsula

Cl through C24 Average Monthly Net and Average Monthly Total Littoral
Drift Diagrams for the Segment of Shore from Fort Pierce
Inlet to St. Lucie Inlet, Florida

Dl through D48 Monthly Wave Height and Wave Period Roses for Offshore
Wave Climate in SSMO Data Blocks 11 and 12,



LIST OF SYMBOLS

wave celerity

wave celerity at breaking

wave group velocity

deep water wave group velocity

a constant

surface energy density of a wave train

longshore energy, longshore energy flux

C
g

C
go

E
a

E  t! dif ferential amount of longshore energy  flux!
a

longshore energy  flux! in positive direction

longshore energy  flux! in negative direction

deep water surf ace energy density

surface energy density contained in one wavelength

E

E
0

F energy flux

f = f H ,T,e! frequency of time that a wave having characteristic

values of H , T, 0 acts during a period of time
0

friction factor

values of H , 0 acts during a period of time
0

f fl  H,T! f requency of time that a wave having characteristic
0

values of H , T acts during a period of time
0

acceleration of gravity

wave height

f > = f < H ,8! frequency of time that a wave having characteristic
0



LIST OF SYMBOLS  CONTINUED!

breaking wave height

deep water wave height

a specific wave height

H K. deep water wave height times the refraction coefficiento

root mean square wave height

significant wave height

depth of water below Mean Sea Level

depth of water below MSL at point of breaking

depth below MSL to which friction, percolati.on, and refraction

are considered

H
0

H*

H r
0

rms

Hl/3

h

wave number = 2'/L

friction-percoLation coefficient

friction-percolation coefficient at breaking

deep water wave number = 2rr/L
0

refraction coefficient

fp

fpb

K
0

K

K
rb

Ks

n

n
p

Qi

Qg,net

Qz+

refraction coefficient at breaking

shoaling coef f icient

wave length

ratio of group velocity to wave celerity

ratio of group velocity to wave celerity in deep water = l/2

porosity

volume transport rate of littoral drift

net volume transport rate of littoral drift

total volume transport rate of littoral drift in negative direction

total volume transport rate of littoral drift in positive direction



of inlet

 Q< ! net volume transport rate of littoral drift on left. side
%net L

o f inlet

 Q< ! total volume transport rate of littoral drift in negative

direction on the right side of inlet

 Q< !L total volume transport rate of littoral drift in negative

direction on left side of inlet

 Q ! total volume transport rate of littoral drift in positive
R+ R

direction on right side of inlet

 Q< ! total volume transport rate of littoral drift in positive
I+ L

direction on left side of inlet

wave period in seconds

a time

a specific time interval of consideration

a small time interval

immersed weight transport rate of littoral drift

angle of wave approach to shoreline

angle of wave approach to shoreline at point of breaking

deep water angle of wave approach to shoreline

specific weight of seawater

a length of beach corresponding to hk

a length measured along a wave crest in feet

azimuth angle of wave approach to shoreline

dt

LIST QF SYMBOLS  CONTINUED!

 Q< ! net volume transport rate of littoral drift on right side
knet R



LIST OF SYMBOLS  CONTINUED!

azimuth angle of outward normal to the shorelinee
n

side of inlet

� ! azimuth angle of outward normal to the shoreline on left
n L

side of inlet

fluid density of seawater

sediment density

Pf

's

<e ! azimuth angle of outward normal to the shoreline on right
n R



ABSTRACT

At present, the reliability of littoral drift magnitude and

direction estimates along the coast of Florida are inadequate for

rational coastal engineering design. The available values of littoral

drift have been estimated from various dredging and sand pumping opera-
tions at inlets, and from relatively short periods of wave observations;
thus, these values may contain significant uncertainties and depart

from long-term average conditions by a considerable amount .

The present study utilizes a large data source of ship wave

ovservations for the computation of littoral drift along segments of

Florida's coast. Nave transformation from the observation site to a

section of shore includes effects of shoaling, refraction, friction,

and percolation. Assumptions are made that limit the analysis to an

ideal beach with no anomalies in offshore topography. The results of

the study are presented in a series of littoral drift roses which make

it possible to find annual rates of littoral drift for sections of

Florida having sandy shorelines. A comparison of computed values of

drift with existing estimated values is made for specific locations.

Results of the comparison confirm most of the estimated drift direc-

tions, however the drift magnitudes differ significantly.



CHAPTER I

INTRODUCT ION

A, Introductor Note

Florida's shoreline, with its numerous beautiful sandy beaches

has long enjoyed great popularity with both the residents of the state,

and the enormous influx of tourists seeking out these vacation meccas.

It has long been recognized that these same beaches, an increasing

source of income for Florida's citizens, are in serious trouble due to

erosion. Preservation of these beaches is not only desirable aestheti-

cally,but is also an economic necessity.

The economic significance of the erosion problem can be seen

from costs shared between the State of Flori.da and the Federal Government

in order to preserve the State's beaches. As of 1970, estimated first

costs of authorized Federal beach improvement projects in Florida

amounted to over 76 million dollars for 108 miles of beach. Estimated

first costs to correct all the existing erosion problems in Florida

 includes authorized and unauthorized projects! amounted to over ll3

million dollars for 209 miles of ocean shoreline [1].

Of approximately 1000 miles of sandy beaches in Florida  see

Figure I!, the annual quantity of erosion in the nearshore area has

been estimated at 15,000,000 cu. yds. per year, with over 20! of the

beach shoreline in a critical state of erosion. Factors that influence
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beach erosion are mean water level, tides, local winds, wave height,
and wave steepness, wave refraction, diffraction, hydrography, land
mass forms, source and characteristics of beach material, ground water

table and others. For a further view of the present situation of

Florida's shoreline and its history of erosion, see References [1],
[2], and [3].

B. Statement of Problem

The major causes of erosion are threefold:

�! Eustatic rise of sea level

�! Intense meteorological disturbances, more commonly
tropical cyclones  hurricanes!

�! Interference in the littoral regime, natural or
manmade.

The first of these, is well covered in Reference [4] and mean sea level

recordings at various stations are shown in Reference [1], Tropical

cyclones  or hurricanes!, the second listed cause oi ros'o , .'.a.~

invade tremendous shorelin" ci>angus in a short time. ?.istings of

tropical cyclones in Florida and some of their effects upon the shore-

line can be found in References [I], and [2]. The third cause of

erosion, interf rance in the littoral regime, is probably the most

signiticant in regard to the possibilit> of economically halting

erosion problems. In the past, man has induced considerable erosion

due to his lack of understanding and consideration c f the "lit toral

regime." Of the previously quoted figure of 15,000,000 cu. yds. per
year of sano erne d annually from Florida's beaches, it is estimated

that one � third or 5,000,000 cu. yds. per year of this is due to man-

made erosion..'Iuch has been written on tnis subject and additional



references are available in [5], [6], and [7].

Although the first and second listed causes of erosion are

not yet within total economic feasibility of correction, the third

type of erosion problem is on the verge of solvability, A major

obstacle in the past has been a lack of good quantitative values on

factors of the littoral regime, the main one being "littoral drift,"

the amount of sediment  sand and shell! transported in the longshore

direction due to wave action and wave � induced currents.

This report is an attempt to place some specific values on

littoral drift along Florida's coastline, and thus, hopefully, provide

criteria upon which future decisions will be made in regard to erosion

problems of type three.



CHAPTER ET

THEORETICAL BACKGROUND AND APPLLCATION OF DATA

A. Sand Trans ort in the Nearshore Coastal Zone

Sand can be transported in the onshore-offshore direction or

the longshore direction, This report, as stated previously, deals

with the longshore motion, more commonly called littoral drift.

The mechanisms causing transport in any direction are much the same

though. The sediment is moved either in suspension or as bed load

 bottom moving or saltation!. Bed load is caused by high shear on

the bottom which is in turn caused by high orbital velocities out-

side the zone of breaking and high mass transport velocities inside

the breaker zone. This type of transport usually predominates

outside the surf zone and is responsible for the movement of the

coarser grains inside the surf zone. Suspended load moves as part

of the regular fluid mass transport; a mechanism must first be present

to entrain this sediment into the flow, after which relatively low

velocities can carry the sediment from its place of entrainment.

The entrainment mechanism is provided by high orbital velocities up

to the zone s! of breaking and turbulent dissipation of wave energy

in the breaking zone s!. Mass transport currents then transport

the sediment,

These two types of transport "drive" the sediment with the

net movement having both an onshore-offshore and a longshore component



 littoral drif t! . Both components are seasonal in nature with the

offshore direction being the dominant of the offshore-onshore com-

ponent in winter due to higher winter waves, and, along the Florida

East coast, the southward littoral movement being the dominant

direction of the longshore component in winter due to the predomi-

nance of waves propagating from the Northeast, The trends for each

are reversed in the summer months. The actual mechanics of the

surf zone are very complex due to non-uniform topography, and often-

present rip currents  see Figure 2!. Distribution of current and

sediment transport also vary widely across the surf zone  see Figure 3!

with most of the transport taking place over the bars in the surf zone.

The factors mentioned above make a mathematical model of the surf zone

an extremely complex three dimensional problem, one which to date has

not been solved completely. Thus, prediction formulas for drift all

have an empirical basis out of necessity. For a much more complete

discussion of the sand transport in the coastal zone, the reader is

referred to References [6], [8], and [9].

B. Methods of Cora utin Littoral Drift

Presently, there are a number of methods for the calculation

of littoral drift, two oI' which are predominant in the literature and

will be discussed. One method is established by computing values of

the longshore current from wave and beach parameters and correlating

them with measured amounts of sand transported, thus arriving at an

empirically derived law of littoral drift. The second method, a more

popular one, is established by computing the so called "longshore
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energy flux, E , a function of wave and beach parameters, and correlatinga'

it with measured amounts of sand transport, thus giving an empirical

formula. These two methods are related  see Reverence [10]! as would be

expected due to the physical nature of the problem. In the literature,

the second type of empirical correlation has been used much more exten-

sively  see References [11], [6], and [7]!, and it is this correlation

of longshore energy flux with littoral drift that is used in this report.

C. Correlation of Lon shore Ener Flux with Littoral Drift

Littoral drift rate, Q, the longshore volume transport rategl

of sand in cubic yards per day, has been correlated with longshore energy

flux to give an empirical curve as shown in Figure 4. The relationship

is linear and is described by the equation  see Reference �1], pg. 175!;

Q~ ~ 125 E
a

with Q in cubic yards per day

E in millions of ft.-lbs. per day per ft. of beach.
a

Data points for the curve are shown and referenced to the original

reports. In addition, data points from studies of Fairchild [2 ~],

Moore and Cole [21], and Komar [10] have been included on the graph

although they were not included in the original correlation which

established Equation �!. It is noted that Komar's data points were

based on the root mean square wave height rather than on significant

wave heights. This difference will be discussed later. A summary

of the different methods in which Q< and E values were obtained fora

the data points is presented in Reference [22].
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Reference [Llj states that the above relationship of littoral

drif t to longshore energy flux is an order of ma nitude approximation to

the true value. It is believed by the author that in light of more

recent field measurements by Komar [10], the above relationship is

welL within this limit and may be considerably better,

Many different forms for the equation of longshore energy flux

have been presented in the literature. The longshore energy flux

E , due to a wave system, isa'

E =  E C cos a !Kf sin ab2 . 24 �600!

a o go o fp b 106
�!

longshore energy flux in millions of ft.-lbs. per
day per foot of beach

2
yH

8
the deep water surface energy density

where E
a

H = deep water wave height in feet
0

7 = specific weight of seawater

64 lbs./cu. ft.

C = deep water wave group velocity in feet per second
go

1/2 C where C is the deep water wave celerity in feet
0 0

per second

cL = deep water angle of wave approach to coastline
0

o = angle formed by breaking wave crest with coastline

K = friction-percolation coefficient; see Ref. [24]
fp

A derivation of this formula along with the more common deriva-

tions of longshore energy found in the literature is given in Appendix I.

The field data used in the g versus E correlation is based on signif-
a

icant wave heights, H , rather than root mean square wave heights,
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H , and, thus, the energy computed is really not "true" longshore
rms '

energy flux, but rather a "significant" longshore energy flux. When

using Equation �!, data used should include significant wave heights

rather than root mean square heights, the ratio of corresponding values

2

of E predicted being ! 2.00, when assuming a narrow energy Hl�
a lH

rms

spectrum. ln particular, in Equation �!, the empirical constant would

be greater by a factor of 2 if root mean square wave heights had been

used in the data correlation rather than significant wave heights, and

if one and only one dominant frequency were present.

Assumptions inherent in the above calculation of longshore energy

flux and consequent littoral drift are as follows:

�! Linear theory is valid for the wave transformation

process and the wave energy present in the wave

system;

�! Assumptions in calculation of Kf are not violatedfp

 see Reference I24];

�! Bottom topography is composed of straight and parallel

bottom contours;

�! No drastic changes in the bottom profile are encountered

in the shallow areas seaward of the breaker line up to

the beach;

�! Adequate sources of sand are available.

Item �! refers to the mathematical formulation of the problem

and its relation to physical reality. This assumption is reasonably

good up to the region of breaking waves where it departs drastically
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from the physical situation. Item �! assumptions will be discussed

later. Assumption �! is necessary for the simple application of

Snell's Law of Refraction used in this report and does not require a

monotonic decrease in depth toward shore, but only the aforementioned

relationship between bottom contours. Assumption �! is necessary due

to the use of offshore wave conditions for the computation of longshore

energy rather than nearshore conditions. Thus, rock or coral reef

might cause a large dissipation or reflection of energy before the

wave reaches the computed breaker zone, whi.ch would not be apparent

in the equation of E formulated above. An additional assumption
a

inherent in the presented correlation between Q< and E is Item �!,
a

the availability of sand to be moved. This is dependent on the

geologic processes acting in the area, and the natural or man-made

conditions present. Along much of the Gulf shoreline of Florida

there is a lack of sand, predominantly in areas having extremely

low wave energy, and in areas which are drained by rivers containing

mostly silt and organics rather than coarse alluvial materials.

Rivers, inlets, jetties, groins, seawalls, prominent headlands, and

submarine ridges and valleys can also cause a lack of sand in an

area downdrift of the obstacle. A lack of sand supply causes erosion

and in turn a depleted sand reservoir, with less sand available for

the transport downdrift of the barrier.

Many of the factors upon which littoral drift depends are

not contained explicitly in the equation presented for longshore

energy. Wind, which has been found as a major drif t factor in some

studies due to its effect on the littoral current, is not present



at all. Additionally, grain size, beach slope, bottom friction,

etc., are factors which probably affect the longshore current and

thus the littoral drift. Except for Kf and sin u , the otherfp

variables in the longshore energy equation presented are totally

dependent on deep water conditions,

The drift can also be expressed in terms af immersed weight

transport rate rather than a volume transport rate as follows:

�!W =  p � p ! g ln! Q 27s f p k.

where

p = sediment density in slugs/ft.
s

= fluid density  seawater! in slugs/ft.
3

f

g = acceleration of gravity in f t./sec. 2

n = porosity = 0.4 for beach sand
P

Q = volume transport rate in cubic yards/day

immersed weight transport rate in lbs./day

Due to the present more popular method of expressing the transport rate

as a volume rate, this report will use values of Q< in cubic yards per

day.

D. Data Source

Weather Service Command--Summar of Synoptic Heteorolo ical Observations,

The wave data used in the computation of longshore energy flux and

consequent littoral drift in this report can be found in the U. S. Naval
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Volumes 4 and 5 [23], hereafter referred to as SSMO. These volumes

are a compilation of meteorological and sea state observations taken

from ships travelling through "Data Squares" defined by their latitude

and longitude boundaries. The percent frequency of wind direction

versus sea heights can be found in Table 18 for different data squares

on a monthly and annual basis. The percent frequency of wave height

versus wave period for both sea and swell observations can be found

in Table 19 for different squares on a monthly and annual basis. Computations

of drift use the data from both of these tables. Necessary assump-

tions made in the use of SSMO data are presented and discussed below.

In the use of Table 18 the assumptions have been made that

�! swell waves are in the same direction as the sea waves, which

in turn correspond to the wind direction; and �! waves are propagating

in one direction only, the observed direction, in any specific time

interval. In applying Table 19, the assumptions are made that �! sea

and swell waves of the same period and height can be treated alike,

and will not lose energy to the atmosphere between the point of observa-

tion and the portion of coastline considered; �! no other wave heights

or periods are present during the observation of a recorded wave with

a given height and period; and �! all observations were made in "deep

2water"  h > 2.56T in ft.! for the wave periods recorded.

Correlation between the ranges of wave heights, periods, and

directions given in the SSMO data volumes and the corresponding values

used in the calculations of drift can be found in Appendix II. Due to

the nature of human observation of waves, the heights and periods found



in the data tables should be considered as significant heights and

periods, and are correct for use in the empirical correlation of

longshore energy flux with littoral drift presented,

E. Anal sis of Wave Data to Corn ute I.on shore Ener Flux

Longshore energy, or more properly, longshore energy flux, is

In foot-pound-secondgiven in Equation �! for one specific wave train.

units this can be expressed as:

2
'yH

2
E C cos a K sin ot

a 8 go o fp

2
"yH

2
E  t! = C cos u K sin u

a 8 go o fp

Thus, for continuously changing wave conditions, the total longshore

energy as averaged over a time interval t* would be

where E is now given in f t,-lbs. per second per foot of beach. Note
a

that in this report, the terms "longshore energy" and "longshore energy

flux" are used interchangeably, although, in. reality, significant

physical difference is attached to each. In the literature, both

terminologies are used, longshore energy being the more common one,

while longshore energy flux is the more proper one.

Considering a continuously changing state of offshore wave

conditions, heights, periods, and directions, the total longshore

energy would consist of a summation of differential amounts of long-

shore energy each having a value E  t! for a representative wave
a

height, period and direction where:
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tx t*tx t*

E = � E  t! dt = E  t!�
I dt
t* a t*

t=0 t-0

dtThe value � can be thought of as the fraction of time over which a
t*

specific wave having a certain height, period, and direction is being

generated during the period t*. Expressing these results in finite

intervals:

f H ,T,9! frequency = � �
dt �!

t~t+

E  t! ~ f H,T,9!
a 0 a 0

 8!and

where
H ="

o T= 9 2~
f H,T,9! = 1.00

H=OT090
0

 9!

with 9 equal to the azimuth of the direction from which the wave is

propagating. Tt is related to 0 by the equation.' a = 9 � 9 where0 o n

9 ia the azimuth of the perpendicular to the shoreline  see Figure 5! .

For waves reaching the coast, the summation would be as follows

with 9 = 9 - n and m ranging from -90* to +90';
n o o

9=9 ~
o T~ n2

f H ,T,9! .
H =0 T-0 Tr

0 9 9�
n 2

�0!1.00

Note that in the above summation. when waves are being propagated away

from the coast, that no longshore energy will be available for transport.

Therefore the total longshore energy becomes;
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6-8 e-
n 2

E  t!.f H ,T,O!

e=e � �"
n 2

=oo
o T~~

H =0 T=O
0

The value of f  H,T,O! can be computed by means of SSAO Tables 18
0

and 19. From Table 19 a value af f 9 H,T! is obtained such that
0

f19 ! ! = 1.00
H 0 T~O

0

�2!

From Table 18 a value f 8 H,H! can be obtained corresponding to a wave
0

height range in Table 19 such that

27 f 8 H*,8! ~ 1.00
8 0

where the + represents the correspondence of H in Table 18 to the same
o

range in Table 19.:iultiplying these two factors together gives the

desired frequency as a function of wave height, period, and direction.

f18 19

By the use of Equation  ll!, the longshore energy can be obtained

in millions of ft-lbs per day, as averaged over any given period of wave

observations. As mentioned previously, the representative values of

H, T,6 for the ranges given in SS!fO are discussed in Appendix II.
0

The procedure for the calculation of a dif ferential amount of

longshore energy ~ E  t! f  H, T,O! is as follows:
a o
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yH
2

�! Compute the quantity C cos a from deep water0

8 go o

conditions, that is, the representative conditions for given wave height,

period, and direction ranges.

�! Compute the quantity K to a shallow water depth, h, outside
fp s

the zone of breaking ~aves by numerical integration procedure of Ref. [24]

 along the coast of Florida this depth was normally taken as 10 feet!.

�! Compute the refraction coefficient K to this same depth h
Ht

�! Calculate the value �, a function of the deep water waveo

L H'

steepness where H' ~ H Kf K . Based on � a judgement is made as
o o fp r 7

o
to whether the wave breaks by solitary theory or by linear theory  see

Figure 1,0, page 30, of Reference [26] ! . If � is > 0.02, linear theory
0

is used, otherwise solitary theory is used to predict the breaking wave

height.

�! Calculate an approximate breaking depth and height based on

appropriate wave theory as mentioned in step �!  see Appendix III for

calculation of breaking wave conditions!, In both wave theories the

relationship between breaking wave height H and breaking wave depth

hb is, H 0.78 h

�! Calculate sin a by Snell's Law  see Appendix III for this

relationship!.

�! Find f18 and f values in SSMO Tables 18 and 19 as mentioned

previously, and calculate f f 'f

Calculation of E is then a simple summation process in which the
a

data must be put through a "filter" to eliminate all differential bits

of energy with azimuth directions 6 that are less than -90' or greater
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than +90' to the coastline azimuth 6 . IJhen looking offshore a positiven'

value of E = E is recorded for waves propagating from the left side
a a+

and causing longshore energy flux to the right; and likewise, a negative

value of E = E is recorded for w'aves propagating from the right and
a a

causing longshore energy flux to the left  see Figure 6! . By summing

the positive, negative, and total values o f longshore energy, positive,

negative, and net values of Q~ can be found equal to g
tr.net '

res pe c t i ve ly.

Additional assumptions used in the preceding method of calculation

which were not previously discussed are:

�! There is no loss of energy through friction or percolation

between h, the shallow water depth at which K is calculated, and the
s fp

breaking depth.

�! rVo refraction occurs between h and the breaker line.
s

Computation of K and K both involve tinear theory. Since
fp r

linear theory is violated upon approaching the breaker line, it is felt

that to compute K and K beyond the l imit of its validity would be
fp r

unjustified in light of present theory. Refraction beyond this limit

can be shown insignificant for the majority of the waves if calculated

by linear theory.

�! K is calculated using a bottom profile perpendicular to
fp

the stretch of shoreline considered rather than the actual profile over

which the waves travel. Inherent in this procedure is an additional

assumption that the wave climate used occurs at a point offshore

perpendicular to the portion of coastline considered.
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�! The effect of refraction on the value of K is considered
fp

insignificant.  Refraction effect on K can be seen in Plate LV, Page 32,
fp

Reference [24].!

�! Loss of energy due to permeability which is included in factor

K is theoretically based on a depth of sand bed 2 0. 3 L where L is the
fp

wave length [ 24 ] .

Assumptions �!, �! and �! are all pertinent to the computation

of the K value. Assumption �! is inherent in the theoretical solution
fp

to the problem of K while �! and �! have been assumed by the author
fp

for shortening computational time.

So far, computation of longshore energy pertains to the wave data

contained in one SSi40 square. Application of this data to sections of

shoreline will now be considered.

F, Data Wei htin from Ad'scent SSllO S uares

The SSHO squares used in this rcport are shown in Figure 7. For

a section of coast along which a value of drift is to be computed, wave

dat'a from two adjacent squares are Linearly proportioned to obtain a

"weighted" value of H . This is done in the following manner:
a

 l! The midpoint of each square is determined with respect to a

North-South or East-West direction depending on the orientation of the

segment considered,

�! The midpoint of the shore segment considered is found in

the same manner as above.

�! The representative location of the wave data for a Data

Square is assumed to be the midpoint of that square.
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�! At the boundary between two squares, the wave climate is

weighted equally on both Data Squares.

�! Linear in.terpolation for the dependence of wave climate on

either square is made between these points.

�! The longshore energy for a section of coastline is then

calculated for each wave climate and weighted by a factor determined as

described above. The results are added to obtain E at the site in
a

question.

Graphically the procedure is shown in Figure 8, The example

given is for the segment of beach from St. Augustine Inlet to Ponce de Leon

Inlet and the weight factors are 0.67 and 0,33, for Squares ll and 12

respectively.
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CHAPTER III

RESULTS

A.

Littoral drift "roses" with annually averaged values of littoral

drift in cubic yards per day have been computed using the SSMO annual

data summary tables along sections of Florida's sandy shores. These

are presented in Figures Al through A52. Because of the large number

of these figures they are located with the Appendicies section of this

report. An annually averaged net drift rose is presented for each

section of coast considered, with the frequency of onshore waves super-

imposed on the same diagram. A second littoral drift rose diagram

for each section of coast considered gives the annually averaged total

positive and negative drift. Positive values of littoral drift ref'er to

drift moving Coward the right when looking offshore, and conversely,

negative values of drift are quantities of drift moving to the left

defined similarly to positive and negative Longshore energy flux. On

the East Coast of Florida a positive value of drift would thus represent

Southward drift, while on the Gulf Coast, the reverse would be true; that

is, a negative value of drift would represent Southward drift on the Gulf

Coast. The net drift values represent the difference between the South-

ward and Northward total values of drift with the direction of the drift

indicated by its sign as described above. Although the Littoral drift

27
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has been computed for coastline orientations ranging over 360' of the

compass, in actuality, the coastline orientations range at most over 180'

for any given section and have been presented showing the maximum practical

range plus or minus 20' for local anomalies.

As mentioned previously, these values of littoral drift are for

stretches of coast exposed to the ocean wave climate as represented by

SSMO data. They are not valid for bays, lagoons, or estuaries, where

the shoreline is not exposed to a wave climate represented by the SSMQ

data.

Wave climate is presented in the form of wave height and period

roses for each SSMO data square to show the average offshore conditions

existing annually as recorded by SSMO. Wave height and period roses are

given in Figures BI through B12. These Figures are also located fallowing

the Appendices section of this report.

Using the SSMU data ~monthl summaries, monthly averaged littoral

drift roses are presented for the section of beach between Fort Pierce

Inlet and St. Lucie Inlet and are given in Figures Cl through C24.

Offshore wave climate on a monthly basis is given for SSMO Data Square

Nos. 11 and 12 on which the drift values were computed, Wave climate

roses are given in Figures Dl through D48. The wave data from Square 11

was "weighted" with a factor of .08 and Square 12 with a factor of .92.

B. Use of a Littoral Drift Rose

Use of a littoral drift rose is as follows:

�! Determine the orientation of coastline at which a drift is

desired.
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�! Using the azimuth of the seaward directed normal to the

coastline at the location, find the value of net drift associated with

this azimuth angle on the proper drift rose corresponding to the desired

location.

�! If the net drift value is positive, the net drift will be

to the right when looking offshore'., if negative, the net drift will be

to the left.

�! Find the total positive drift, total negative drift, and

the frequency of onshore waves in the same mann»r  the use nf this

frequency value will be discussed later!.

To demonstrate the method, values of net drift at 1'onte Vedra

Beach, south of Jaclcsonville are found from Figures 9 and 10. The azimuth

angl» of the perpendicular to the shoreline is 76'-30' as shown in

Figure 9. Thus, the total Southward drift is 1600 cubic yards per day,

and the total l'urthward drift is 810 cubic yards per day from Figure 10.

The net littoral drift is 790 cubic yards per day or 2HS,OOO cubic yards

per. year to the South. The frequency of onshore waves as predicted by

the method of SS,'l0 data analysis used is .54.

Limitations in the simple procedure for calculating drift values

in the above manner will be discussed, taking into account some of the

data limitations and data bias.

C. Possible Sources of Error

1, Errors in the data

ln the S&0 data, possible sources of error include:

�! human error and bias in the observation and recording of

the wave data,
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�! Absence of extreme wave conditions due to routing of ships

out of bad weather.

�! Inaccuracies introduced due to the lack of swell direction

data.

�! Inadequate resolution of wave data in directions.

�! Inaccurate wave height recording due to wave observation

in a strong ocean current.

Error sources �! and �! are self-explanatory. In regard to

�!, it has been shown that a large bias is i.ntroduced in the directional

data due to the observer tendency toward recording of wave directions

along the four cardinal and four intercardinal points of the compass.

'I'his effect can be seen in the littoral drift and onsEiore frequency roses.

It is felt that the bias should not significantly affect the results

presented Eiere thougii, since wave directions used in tEie computations

were reduced to the eight points of the compass in the 'SS.CO volumes.

If it is assumed that the waves were recorded to the nearest point of

the compass  on an eight point system!, tEle maximum error between a

recorded wave direction and its true direction would be 22 � 1/2 . It

is recommended that values of dri f t in n range of azimuth angles

11-1/4' to t'h e actual coastline azimuth be considered as the range

of possible drift va]ues, thus covering a 22-1/2 range of possible

directional error.

A general idea of the reliability of the data source is obtained

by viewing the annual of fshore wave height and wave period roses in the

different data squares. In many of the data squares, notably Data

Square 11, the wave periods are often ]arger in the offshore direction,
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i ontrary to expected larger periods in onshore direction due to larger

fetch distance. Also, wave heights follow the same pattern contrary

Lo physical reasoning. Tn Data Square 13, the observations show a

majority of waves, along with the highest waves and the largest period

waves, to be propagating out of the East, Northeast, and Southeast.

ibis is as expected, since the i'Iorida Keys shelter ship channels from

~aves approaching from the "ulf of .'iexico. Comparing the annual wave

height roses from Data Squares 11 and 12 shows that the wave climate

in each is not significantly different. This is certainly contrary

ro what one would expect considering that most of the wave observations

in Data Square 12 would be expected to sirow effects of sheltering from

the Bahama HankS.

The question of reliability of wave climate in tlrese two blocks

iirght be resolved by an analysis of offshore wave climate in smaller

I;.ta squares if the data become available in a convenient form at some

Inter time. Wave data in the Gulf of iiexico is thought to be less

questionable, since the fetch distance is closer to being equal in the

, ashore and o f f shore d i rect ions wi th regard r.o the shipping lanes.

The original method of reducing tire data from 36 points of the

compass to 8 points of the compass given in the SS."i0 volumes introduced

skew of the data by an angle of ten �0! degrees clockwise. This has

b. en compensated for in the littoral drift roses and offshore wave climate

roses by shifting rose azimuth angles ten �0! degrees counterclockwise.

As mentioned earlier, the lack of sircll direction data, and

distinction between sea and swell, cause the assumption to be made that
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swell waves are being propagated in the same direction as the local

wind waves  which is the recorded wind direction! . It is unlikely

that swell is always in the same direction as the local seas and

this could lead ta considerable error in the computation of longshore

energy. In regard tp Item {4!, since longshore energy is dependent

on wave direction due to refraction process, th» method of computing

wave energy by using only eight points of the compass poses a question

as to the magnitude of error possible in the res~its. it can be shown

that the maximum error introduced by this approach as compared to

spreading the energy evenly over all directions "i thin an octant is

ten �0! percent. i!ue to the uncertainty of wave directional data

such a refinement was felt unjustified.

In regard to Item �!, wave heights are affected by strong

currents, and have the tendency to steepen when propagating against

an opposing current and are reduced in height by a following current.

This ef feet is noted on the Southeast coasL of i'lorida where the

Gulf Stream is very close to shore. Due to the fact that shipping

lanes run through and along the Gui f Stream, it is felt that many of

the observed waves approaching shore have recorded wave heights higher

or lower than would be experienced on the shoreward side of the uif

Stream in comparatively still water. Th i s e f feet would cause the

computed Southward drift values Lo bc higher than the. actual drift

values and iJorthward dri.f t values to be lower.

2. Frrors in I.ongshore Energy Flux hnalysis

;ietl>ods of computation of longshore energy may lead to inaccuracies

in drift predictions. The author believes the largest source of error comes
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from the assumption mentioned earlier that waves are considered to be

propagating in one direction at one time. That is, it is assumed that

when waves are moving away from the coast, there are no waves reaching

the coast, and thus there is also no longshore energy at the coast.

This is an unreasonable assumption since waves are known to propagate

in many directions at the same time, From the SS%%dIO wave data, a frequency

of onshore waves is calculated for each orientation of coastline and thus

can be compared to a wave record at the location in question to determine

a better estimate of the true onshore frequency of waves, and, in turn,

drift. For example, if the frequency of onshore waves is 40/ from the

littoral drift rose, and a wave record at the site has recorded waves > 1.0

feet for 80%%d of the time, a better estimate of the tree drift ~mi ht be

0. 8040 2 0 times the va Iue on the given dri f t rose, It is be I ieved that

this factor of 2.0 is high because the periods of higher littoral drift

undoubtedly coincide with periods of observed onshore � propagating waves.

Other possible sources of error which involve the computation

of longshore energy flux are assumptions in the calculation of the

friction-percolation coefficient and the violation of Snell's law with

regard to the bottom contours.

The modification of wave height due to friction and percolation

effects as the wave propagates across the continental shelf has five

factors which could contribute to inaccuracies:

�! Violation of the 0. 3 L depth of permeable bed material

�! Friction coefficient

�! Permeability coef f icient
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�! ':iethod of taking profile for a coastline section

�! Iieglecting friction, percolation, and refraction effect

beyond a certain depth, = h

The first of these assumptions is certainly violated in places

off the East Coast of Florida, especially on the lower East Coast where

much of the bottom is underlaid by hard limestone rock and reefs. at

shallow depths  see Reference [29] ! .

The friction coefficient used in this study was constant, equal

to 0.0l  see Reference [ll]!, but is known to be a function of bottom

roughness, which in turn depends ou wave height, and water depth. Thus,

friction is not constant, but varies with time. A sensitivity test was

done using three friction factors; 0.005, 0.0l, and 0.0l5, for the loca-

tion of coastline which best represents an average profile from i'ort

Pierce Inlet to St. Lucie Inlet to compute values of drift. Each drift

rose is plotted on the same diagram and shown in Figure 13. Assuming

that the friction factor 0.01 is correct, a value of f = 0.015 gives

drift values approximately 20X lower and a value of f = 0.005 gives

drift values approximately 22Z higher. The sensitivity would be much

greater on a broader shelf width «s in North Florida on the East Coast,

and much smaller on a narrow shelf width as encountered in the southern

limits of I'lorida on the East Coast. In two sections of Florida the

friction-percolation wave modification was calculated to the 5 foot

contour, These sections are known to be extremely lo~. energy sections

of coastline along which little sand is available for transport. Drift

diagrams were not computed in these sections, only a relative energy

index.
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The intrinsic permeability of the of fslrore material has been

assumed as 10 Darcys on the East coast of Florida which is consistent

with an offshore sand size of 0.10-0.12 mm. On the Gulf Coast, where

the bottom is composed of find sand, silt, and organic muds, the intrinsic

permeability was assumed equal to 1 Darcy. To see the effect that perme-

ability has on dri.ft values, a sensitivity test was conducted for perme-

ability on the same Fort Pierce-St. Lucie section with intrinsic

permeability equal to 100 Darcys, 10 Darcys, and 1 Darcy, bein.g plotted

on the same diagram, shown as Figure 12. The difference in values

computed using 1 and 10 Darcys is negligible, while the difference in

computed values using 10 Darcys and 100 Darcys is approximately 20X.

Thus, for higher permeabiiities, the analysis is sensitive to this factor

also. Due to the lack of offshore sand deposits to a thickness equal to

0.3 times the wave lengtlr  the assumption used in theoretical analysis

of permeability modification oi waves!, this factor is not felt to

inf'luence the values of drift because eftective permeability would

probably be on the low side of 10 Darcys.

The method of taking a profile perpendicular to the stretch of

shoreline considered leads to h iglr K values wlrich would tend to over-
fp

estimate the wave height and longshore energy flux. since refraction

cffettively causes waves to travel over a longer profile than the one

used. In view of the fact that locations of the individual wave data

observations are unknown, the method of using a profile along the

perpendicular to shore seems a reasonable approximation though, except

where waves are likely to be coming from a different direction.
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One such case where a profile along the perpendicular is questionable

is the stretch of shore from Cape St. George to Lighthouse Point.

Figure 13 shows a sketch of this shoreline with three �! lines along

which profiles have been taken and net drift values computed. The

results of the drift values for the different profiles are summarized

on a net drift rose shown as Figure 14.

Assumption �! which was mentioned earlier is made because the

value of K is based on linear wave theory, and, near breaking conditions
fp

in shallow water, the wave form no longer corresponds to linear theory.

In addition, the beach is in a dynamic state at shallow depths which

would make assumptions regarding slopes in this region invalid during

part of the year. Assumption �! is adequate provided that the slope

is relatively steep beyond h . Along most of the coast of Florida,
S

including the whole East Coast, it seems reasonable to invoke this

assumption at the 10 foot depth contour. Along the Gulf Coast of

Florida, from Cape Sable to Cape romano and from Anclote Keys to

Lighthouse Point, an extremely mild slope is encountered, and here

the computation of friction-percolation is carried to the 5 foot con-

tour as mentioned previously. Jn these sections though, the waves

have a long distance to travel � to 10 nautical miles! before reaching

shore even after propagating to the 5 foot co~tour. Certainly the

friction effect on the waves between the 5 foot contour and the shore

which is not calculated would be of considerable magnitude, but due to

possible violation of the linear assumption necessary in computation

of K , this dissipation of energy was not calculated. Also, since
fp'
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FIGURE I3. PROFILES USED IN MODIFICATION OF OFFSHORE

WAVE CLIMATE BETWEEN CAPE ST. GEORGE

AND LIGHTHOUSE POINT, FLORIDA
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sand is lacking in these areas, the results were used only to calculate

a re I ative magnitude of energy and not littoral. drift.

In line with Assumption �!, further ef fects of refraction beyond

h w<: re not computed either For the majority of waves considered those
S

with z < 67-1/2, T > 5.5 seconds, the further effect of refraction is

insignificant. At most, for a very few waves this further effect of

refraction changes the wave height by a maximum of 7i.' and thus wave

< ne rgy by a maximum o f 14. 5X.

In areas of complex topography, the violation of Snell's law

may lead to inaccuracies in computed longshore energy. For the majority

<!I Florida's coastline though, this error is be1ieved negligible when

«<mpared to other sources of error already considered.

To give an idea of the relative wave energy reaching the shore,

re Lative energy index has been calculated along the coast of Florida

an<i plotted on Figure 15. This relative energy index consists of the

mean square breaking wave height divided by the frequency of onshore

waves, thus assuming an onshore wave f requency of 1,00. <Vote that

.lir~<.tion and wave group velocity have not been. Included in this diagram,

thus, this is not the available energy flux for longshore transport.

l;rrors in the Correlation with Littoral Drift

Thus far, sources of error inherent in the method used for com-

putation of longshore energy flux  or longshore energy! and in the data

source have been considered.

Certainly an important question which should be asked is whether

the present linear correlation of Q< with L is ~alid. In view of the
a
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more recent data [10] the linear relationship seems valid, and the

main question relates to the value of the constant in the equation

C E . The author has mentioned previously that Reference [11]a'

states the present correlation to be an order of ma itude approximation.

Nany of the data points in the original fie1d studies on which

the empirical curve depends were calculated with breaking wave conditions

as suggested by the equation for computation of E . Also, the modela'

data points contain considerable scatter due to inherent littoral trans-

port modeling problems [17]. In addition, there seems to be confusion

due to the different methods of computing energy, one method by the root

mean square wave height and one by signi.ficant wave height. In this

study it was assumed that all the original data point computations of

longshore energy were made using significant wave heights rather than

root mean square wave heights, which to the author's best knowledge is

the situation. Thus, the correlation constant between drift and Longshore

energy presented in this report is adequate for the purposes of this

study,

4. Other Errors

Other factors which certainly have a bearing on littoral drift

in an area but which were not accounted for in the present computations

include:

�! Wind effect on littoral current and corresponding drift.

�! Sheltering effects of reefs, rock outcroppings, large

submerged sand ridges, etc.

�! Interference in littoral regime due to Jetties, inlets,

rivers, sand sources, sand sinks, etc.



Factor �! ha. been found t.o be of major sign< ficance in some

studies. The present correlation of longshore energy wi th littoral

transport contains this fact. or to some degree, and, thus, the true

effect of wind cannot be separated out.

'll>e sheltering of feet of ree fs and rock outcroppinps is certainly

a factor affecting li ttoral dri fr along tbo southeast coast of Florida.

'lany rock ouLcroppings and reefs exi st in tl<e I it torai regime «nd

de f initely in fluence dri f t va I «os. I n I~ I ac<'s such as  :ape I<'«nnedy where

a large underwat< r sand ri<lg«exists, th» dr i I t pat tern i s alt«r«d by

toe sl}el ter ing of feet o f the r i dig« wh i «I< prevents som< northeasterly

wave' from reaching LI><' s<urtl><.'rn shor«and s<~m«s<iuth«asL«rly waves

from reaching tl<c <><irth«rn . bore; thus, Lo an extent, the ride.e tends

to be a self � perp«to,<ting lit tora1 b <rrior.

' .Lt; s, inl< ts, rivers, submarine vt<l i«vs, «tc. «11 influence

the pattern of <Iri fL t <~ «I ter i t f rom I l~e ideal ized m<>del used to compute

values ol drift.; tho: <. i<influences must b<. r««.~gnized wh«n apply<ng dri ft

values derived by Lh«approact> pres«alod.



CHAPTER IV

LITTORAL DRIPT CONPARJSONS

A. Corn arison of Calculated Littoral Drift Rates with Previousl
Estimated Values

Comparisons of the present study results with estimated values of

net drift compiled by the U.S. Army Corps of Engineers are summarized

in Table 1. The Corps of Engineers values were determined by various

methods which include analysis of dredging records, volumetric surveys,

and pumping records at existing by-pass plants. Computed values of

drift by the present method provide both an "expected" value of drift

and, to illustrate the sensitivity of drift to coastline orientation,

a range of drift values which encompass + 11 I/O span of azimuths to

the actual coastline azimuth, 6 , at a given location. Total positiven'

and negative drift rates with the corresponding ranges of values are

summarized in Table 2.

The manner in which these littoral drift rates were computed

from the drif t roses is best explained by the following examples.

1. Littoral Drift Computations at Inlets

For an inlet, a material balance was made on a section of beach

containing the inlet and the beach adjacent to the inlet for distances

updrift and downdrift such that all local effects of erosion and

accretion caused by the inlet's presence are contained within the

47
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section. In this manner, the values of drift computed are not related

to the local inlet configuration. Figure 16 provides a pictorial

representation of the method.

Considering only the littoral transport through the "control"

section, a value of  g ! associated with  8 ! will be entering
R net R n R

or leaving the control section on the right side of the inlet in the

positive or negative direction depending on sign, and  Q< !R net L

associated with  9 ! will be entering or leaving the control section
n L

on the left side of the inlet in the positive or negative direction

depending on sign. The average of these values should give an estimate

of the net drif t in the vicinity of the control section. Note that

this method may not give rates which correspond to the drift rates as

computed by the Corps of Engineers, since the Corps rates were estimated

by volumetric changes of shoreline within the control section and dredging

and pumping records for the inlet. A better representation would be given

by the net drif t value on the side of the inlet in which the volumetric

changes were measured. For example, if the net drift on the left side

 when looking offshore! of the inlet is positive, an accumulation of

drift would be experienced at a jetty, and possibly a small amount of

erosion would occur up drift from the accretion as shown in Figure 16.

A net gain in sand would be measured if volumetric surveys on this side

of the inlet were taken. It is this net gain that should be computed

for a better comparison with Corps estimated values, but, due to a lack

of data on the method by which the Corps values were obtained, the net

drift comparisons could not be made in this manner.
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FIGURE I 6. CONTROL SECTION FOR CALCULATION OF
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Total positive and negative drift rates were also computed

by averaging the respective positive and negative drift rates on

each side of the inlet.

The difference between the net drift on the updrift side of

an inlet and the net drift on the downdrift side would be the amount

of sand lost to the inlet system control volume. This rate of sand

gain or loss by the inlet system is the overall effect of accumulations

at the jetties and in the bay and ocean shoals, and of erosion normally

encountered downdrift of the inlet. Values of sand losses or gains

calculated in this manner are given in Table 3.

Application of these methods to inlets within segments of the

coast for which a drift rose was calculated are based on the one

corresponding drift rose for that section. Where inlets are at the

boundary of shoreline segments, the drift data obtained from the drift

roses corresponding to each side of the inlet are weighted equally,

with average values being computed for each drift direction and azimuth

angle considered. Rational judgement should dictate whether or not

it is necessary to use one or more drift roses for calculation of the

drift values. In most cases the drift roses do not make such "drastic"

changes that a refinement becomes necessary.

To further clarify the method, drift rates are calculated for

Ponce de Leon Inlet on the East Coast of Florida  see Figures 17, 18

and Table 4! as based on the shoreline segments of St. Augustine Inlet

to Ponce de Leon Inlet, and Ponce de Leon Inlet to Cape Kennedy. Here

the South side of the. inlet has an azimuth of 59' and the rtorth side
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TABLE 3

AVERAGE A."IÃUAL I ITTOF iL DR!PI' RATE GAIN OR LOSS IN
INLET CONTROL "=CTION

Location

Atlantic Co.ist

Lower Gu] f Co. s t

l1,000
� 5,400

35,600
� 3,500

Gordon Pa s
Venice Inlet
New Pass
Clearwater Pass

~Uc r C u1 f Co;i s t

Perdi do Pass  Ala,!
Pensacol.a Pass
East Pass

0
-40,000

33,000

Negative signs infer a net erosion frori the control section.

St. John's River
St. Augustine Inlet
Ponce de Leon Inlet
Canaveral Harbor
Sebaatian Inlet
Fort Pierce Inlet
St. Lucie Inlet
Lake Worth Inlet
Hillsboro In!cr
Port Evcrglad s
Miami Harbor Entrance

Net Littoral Drift on Updri ft Side of Inlet Ninus
Net Littoral Drift on Downdrift Side of Inlet

in Cubic Yards Per Year

0
-46,000

47,000
0
0
0

1,2,400
0

-20,000
0

-55,000



[Qe netl
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FIGURE l7. PONCE DE LEON INLET CONTROL SECTION
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TABLE 4

DRIl'T CONI'UTATIONS AT PONCE DE LEON INLET, FLORIDA

S.t D, ft~C~,,c<�,; ~< . Df.~d.: D. Ge!

Drift on Left Side of Inlet

ll-l/4' Range

 QE~! = 1150
1080

Average 1115

1040 to 1520
950 to 1430
995 to 1475

 Qi !L 840
84< 0

Average 840

84i0 ca 920
84i0 to 860
840 to 890

 Qa !L . 1115

275 South

Drift on Right Side of Inlet

=- 104iO
960

1000

1040 to 127�
960 ta 1160

l.000 to 1200

84i0 to 1080
84iO to 1080

870
840
855 840 t.o 1080

 Qg ! = 1000f,net R

145 South

Net Drift

1 net
k net R ' k net L 275 + 145! + Q !

2 2

210 South  = 76. 7 x 10 cubic yards per year!3

Total, Dri.f I Con!L!utations  in cubi :~sr~<la or <}z3 !

Total Drift in Southe~rl Direction

QI+ R i+ L 1000 + lll5
QL+

1058 So<itb  = 386 x 10 cubi.c yards per year!3 .

f tl ~ fftf S tf fyD' tf

R.- R L- L 855 + 840

848 North  DD 309 x 10 cubic yards pcr year!3

G f   L*,,! t f l.t t t 1 S tf  f~tf *d~~d!

hQJL E L i R 275 � 145

130   47 x 10 cubic yards per year!3

a gain to the inlet control section and thus a corresponding

loss to the entire littoral system

«i+!R
Ave. rage

 QL !R

Average

St, Augustine Inlet to Ponce de Leon Inlet Rose
Ponce de Leon Inlet to Cape Kennedy Rose

St. Augu. tine Inlet to Ponce de Leon Inlet Rose
Ponce de Leon inlet co Cape Kennedy Rose

St. Augu" tine Inlet to Ponce de Lean Inlet Rose
Ponce de Leon Iiilct to Cape Kcn»cdy Rose

St. Aug<istinc Inlet to Ponce de leon Inlet Rose
Ponce de Leon Inlet to Cape Kennedy Rose



an azimuth of 66 . Rates of  Q< ! and  Q ! corresponding to
net R ' k net L

the above azimuths are 53,000 cubic yards per year  South! and 100,000

cubic yards per year  South! respectively as averaged from the driFt

roses corresponding to the shore segments on each side of the inlet and

shown in Figure 18. The net drif t is thus the average of these two

rates and is 76,700 cubic yards per year to the South. Considering

a + 11 I/4' range of azimuth angles to account for directional bias

of wave data, the net drift would be in a range of rates from 4,000

cubic yards per year  South! to l81,000 cubic yards per year  South!.

The total positive drift would thus be 386,000 cubic yards per year

as averaged from Q< on each side of the inlet from each diagram.

The total negative drift would thus be 309,000 cubic yards per year.

as averaged from Q<, the negative dri Et, in the same manner as above.

Ranges of Q< and Q< are given in Table 2. These values are all

calculated from the positive and negative drift roses for better

interpolation accuracy. 3"ae amount of drift gained by the inlet

control section and thus lost to the overal1 littoral system is

 Q~!L Q~!R which equal s l 00>00053>00047>000 cubi cnet L k net R

yards per year. The major reason for the large difference in the net

drift at Ponce de Leon InLet as compared to the inlets North of Ponce

de Leon Inlet is in the orientation of the coastline, not the drift

rose magnitudes, as can be seen by comparing net drift or positive-

negative drift diagrams for the North Florida area  Atlantic side!.

The orientation of. the coastline at Ponce de Leon Inlet as described

by 0 , the azimuth normal to shore, approaches a null point, that is,n'

a point where the total Northerly drift is equal to the total Southerly

drift.
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The Corps of Engineers estimated value of net drift is 500,000

cubic yards per year  South!, with total Southerly dri f t equal to

600,000 cubic yards per year and total Northerly drift equal to 100,000

cubic yards per year for a "gross" drift value of 700,000 cubic yards

per year.

2, Littoral Drift Computations for Barrier Islands

For a barrier island, computation of littoral drift was based

on the range of azimuth angles of the coastline perpendicular to the

island. Valves of drift were based on the particular drift rose

corresponding to the section of coast containing the island. Gften

inlets or passes at the ends of. an island act as littoral barriers and

cause an accretion of sand at both ends of an is land and erosion in

the middle. This is typical of barrier islands and results in the

island developing a concave shape on its seaward side. Thus, there

will be a range of azimuth angles through which the island is exposed

to offshore wave climate and there will be a corresponding range of

possible drift values that would occur. As an example of the computa-

tional procedure, Treasure island on the Gulf Coast is considered  see

Figure 19!. Azimuth angles, 0 , range from 214 at the northern endn'

of the island to 247' at tEze southern end of tEie island. For tEiis

range of angles, the values of  Q< ! �  Q> ! range from +40,200 cubic

yards per year  Northerly! to -58,400 cubic yards per year  Southerly!.

If an additional range of + 11 I/4' is considered to account for

directional bias in wave data, the values of drift become +58,400 cubic

yards per year  Northerly! to -73,000 cubic yards per year  Southerly!.
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FIGURE i9. EXAMPLE DRIFT CALCUI ATIONS AT TREASURE
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The estimated value af net drift by the Corps of Engineers is given

as 50,000 cubic yards per year in a Southerly direction which lies

within the computed range. The computed total Northerly drift is

73,000 to 124,000 cubic yards per year, and the total Southerly

drift per year is -84,000 to -131,000 cubic yards per year.

Note that some of tire comparisons presented in Table I and

Table 2 may be misleading in that they are extremely close to Corps

estimated values when the assumptions involved in the program ta

compute drift are possibly violated. A place in question is Fort

iiyers Beach on the Gulf Coast. The computed value of net drift is

21,900 cubic yards per year in a Northerly direction which is extremely

close to the Corps estimated value of 22,000 cubic yards per year. The

assumption of parallel offshore contours is violated here though, and,

refraction of waves from a Northeasterly direction is undoubtedly much

different from what the simplified analysis based on Snell's Law would

compute it ta be. Refraction of N W waves off Sanibel Island would

tend ta create a complex nearshare current situation wi th the probable

direction of drift being North even if the wave climate and ideal

bottom topography would normally tend ta create a Southerly drift.

It is suggested that use of the resul ts presented in the lit taral

drift roses be carried out with a knowledge of the assumptions present

in the study such that one is not misj,ed by the seemingly goad carn-

parisons as given above which may be fortuitous,

B. General Trends and S ecific Cases of Littoral Drift

Along the Atlantic Coast, the SS'.IO data confirm the Corps

estimates af net Southerly movement of sand, and on most of the lower
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Gulf Coast the data confirm net sand movement in a Southerly direction.

Along the Panhandle the net movement is in a Westerly direction which

also agrees with other studies. Except for certain anomalies in drift

directions due to coastline orientation, the overall trends confirm

past observations with regard to direction, although magnitudes are

different. Reason for the extremely high values of drift computed

in Southeast Florida are not known at this time although the author

speculates three possibilities.'

�! The effect of the Gulf Stream current on wave height

observations as mentioned earlier.

�! Effects of the Bahama Banks.

�! Resolution of wave data into large data squares rather

than smaller squares where overall offshore conditions

are the same.

Specific cases of accretion or erosion patterns can be confirmed

when viewed from the "closed system" type of approach as used in the

inlet drif t predictions. One such case is an accretion of sand at

Cape San Blas nn the Gulf Coast. From computing the net drift on the

section of coast containing St. Joseph Spit, a small net Southward

drift value is noted. East of Cape San Blas, a large net Westward

drif t value can be found from the corresponding drift diagram. Accretion

is thus building Cape San Blas toward the Gulf from both directions which

is confirmed by Corps studies. The Corps of Engineers states the net

drift on St. Joseph Spit to be moving in a Northward direction from

spit growth rates, but this is probably due to local refraction effects

at the spit terminus rather than the overall ideal beach drift pattern.
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In the same manner, Cape St. George can also be found accreting.

Accretion of these two capes is linked to the overall erosion patterns

experienced on the connecting barrier islands. Other isolated examples

such as these will be investigated further in the future to confirm

dr i f t pat terna.

An interesting observation was made in this study with regard

to null points in net drift. By viewing either the net drift diagrams

or the total positive and total negative drift diagrams, it can be

seen that two types of null points exist in the drift regime. In

Figure 20 a! a "Type 1" null point is shown for a portion of a typical

total drift diagram. Assume first that an island exists such that its

original orientation conforms to the null drift point  total positive

drift = total negative drift!, Figure 20 b! �A perturbation in the

system such as a storm, or the building of jetties at ends of the

island could cause the sand to be shifted to a position shown in

Figure 20 c!, In this case the net drift on the right side of the

island would now be to the right while the net drift on the left side

of the island would be to the left. I'hus the overall effect of the

perturbation would produce instability in the island, with the net

result that the perturbation would increase and eventually the island

would experience a breakthrough as shown in Figure 20 d!.

The orientation of the Gulf Coast shoreline in Lee County,

Florida, is found to be approximately characterized by a Type l null

point. It is noted that this section of coastline contains numerous

in3ets and has a history of inlet breakthroughs. Another area where
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  a ! Type X nul I point

  b ! Ideal Island or ien ted

to null point � zero

net drif t

 c ! I'ertuibalicn in system
c aus cs orientation of Is I and

witl> o. socioled drift pot tern

 d! Instability leads to eventual

breaki I trough

FIGUl<Z 20, I !EAL CRLr OF AIJ UNDTAULE NULl POINT
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this type of null point is experienced is the Gulf Coast near

St. Petersburg. Islands in this region tend to be extremely concave

and would have probably broken through by now if not for the extensive

groin fields hindering the transport of drift in the region, It should

be noted that a perturbation in the convex sense would also be unstable

and lead to an increasing convexity. No cases of. this type system were

noted, except as small scale features on offshore islands.

The second type of null point is shown in Figure 21  a! . An

ideal island when oriented to this type of null point has a tendency

to stabilize itself once a perturbation in the system drives it from

the ideal state, Figures 21 b!, 21 c!, and 21 d! show the series of

events leading to stability. Part of the East Coast of Florida is

near this type of null point where a predominant tendency for few

inlets exists. Many of the inlets  such as Sebastian Inlet which

occurs very near a "Type 2" null point! have had a record of numerous

closures after being cut. Of course, many additional factors influence

stability and instability in true physical systems such as the amount

of dri ft supplied to an area, and the ocean tidal ranges. These

additional effects may overshadow those discussed here. It is hoped

that in the future this theory can be explored further.

C. Com arison of Estimated and Observed Wave Climates

To determine the reliability of the SSMO data and computed

shoaling, refraction, etc, effects in the present study, a comparison

was made using wave records obtained from shore-based gages. Data

from step resistance wave gages operated by the Coastal Engineering
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Research Center were made available for three wave gage stations'.

Daytona Beach  East Coast!, Lake Worth-Palm Beach  East Coast!, and

Naples  Gulf Coast! . Wave data were obtained intermittently during

the years of operation of these stations due to various storms damaging

equipment or structures on which the gages were mounted. To avoid a

seasonal bias in the shore-based recordings, a sample of data best

representing the average annual conditions was used in each comparison.

Table 5 shows the observation periods used, the total number of observa-

tions, and the depths at these stations.

In regard to the SSIi0 data, certain assumptions had to be made

with respect to the frequency of occurrence for wave heights and periods.

Only the onshore directed waves were used for obvious reasons, which gave

an extremely high frequency of "calm" conditions  H = 0! at shore. It

was assumed for the plotting of cumulative height curves that the sea

state at shore is best represented by wave heights of less than one foot

when offshore directed waves were being recorded. Host likely, many

waves greater than one foot would be recorded at shore during this time.

This assumption gives a poor basis of comparison for recorded and observed

low wave heights in which the majority of waves fall. In the cumulative

distribution curves for wave period, the assumed frequency of occurrence

of a specific wave period was assumed equal to the frequency of the on-

shore directed wave  of a specific period! times one �.0!, divided by

the total fraction of onshore directed waves.

Cumulative curves of the plotted wave height and period distribu-

tions at these three stations are shown in Figures 22 through 27. The

wave height cumulative curves show three sets of points with corresponding
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TABI.E 5

RECORDING PERIODS 01' SNORE RASI',D CL'RC WAVE GAGI'.S USED IN
COII1'ARISON OF ACTUAI, TO PREDICTED SIIORE HAVE CI.IHATF.

~Oc II . ci Flo k<c

 Depth of Wave Gage 15 ft. ILL!

CCk F rrh-F: 1. CFCCir Fl r' IC

 Depth of Wave Gage = 18.2 ft. IIWI. at I,ake Worth snd
15,7 ft, NWI, nt Palm Beach!

1958 Palm Bench l]61 ob.ervations
t.960 Palm B<cach 2020 observations
1960 Palm Beach 1687 observ;<tions

1961 Palm Reach 1301 observations
1966 Lake Worth 1751 observations

Na les Florida

 Depth of Wave Gage = 16.6 ft. NWL!

January -Dece mbe r 1958 1454 observations

Lach observation is the significcuzt w;<ve height;<nd period as
determined Crom «7-min«t<. recording of sea surface elevation measured
using a stop resistance type wave gage.

Feb ruary-December
Feb r uary-Novc mb e r
Februaiy-tfarch
January -April
November-Deceai<er

J;<nuary � April and
June � De comber
January -De combe r
January-December
January-April and
June -December
January-Decemb<'r

1954
1955
1956
1957
1.964

1570 observations*
115l observations

234 observations
321 observations
304 observations
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smooth curves drawn through them, one curve for the CERC gages, one

curve for the deep water onshore wave climate as recorded by SSMO,

and one curve for the SSMO wave climate as modified by the present

study to the depth of the recording wave gage. Since it is assumed

that periods are not modified by offshore topography, two curves are

shown on the wave period cumulative distribution curves, one for CERC

recorded wave climate, and one for SSMO recorded wave climate with

inherent assumptions,

The curves show that wave heights of the higher energy waves

are represented well by the modified SSNO data. Unfortunately though,

periods are poorly defined by the data source. These findings are

similar to other research efforts using this data source  see

Reference [25j!. Due to the large dependence of wave modification

on wave periods, it is felt that an even closer correspondence to

offshore observations might be obtained with improved period observa-

tions.



CHAPTER V

CONCLUSIONS

A method has been presented for computation of littoral drift

along coastlines using existing ship wave observations as a data source.

This method encompasses numerous assumptions which limit the final

results to a beach with no significant anomalies in offshore topography.

The method was applied to portions of Florida's sandy shoreline,

and results of drift calculations at many locations were compared to

estimates of littoral drift by the U.S. Army Corps of Engineers. Except

for a portion of the Southeast Florida Coast, the magnitudes of net

drift computed are in reasonable agreement with previous estimates.

Directions of net drift compare well in most cases although one notable

exception occurs at East Pass on the Florida Panhandle. The cause of

the extremely high values of computed drift in Southeast Florida is not

known at this time although possible explanations have been mentioned.

It is recommended that this study not be used for prediction of drift

in the section of Florida south of Jupiter Inlet.

The simple analysis used is very powerful in that it can also

be employed on a monthly basis to give the seasonal variation of drift

in a specific area. Between Fort Pierce Inlet and St. Lucie Inlet., the

orientation of the coast does not change appreciably and monthly averaged

net littoral drift rates were computed for the average orientation of

the shoreline and are shown in Figure 28 as an example of future pos-

sibilities for this type of analysis.
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To substantiate the wave modifications used in this study,

and to ascertain whether the data source observations are reasonable,

a comparison was made of this modified  shore! wave climate predicted,

and the wave climate measured by shore-based step resistance wave

gages. The results showed that extreme wave heights compared well,

but due to assumptions made in regard to "calms" in the data source,

a reasonable comparison between the majority of smaller waves was

impossible. Comparisons of wave periods indicated that the periods

obtained from the ship data generally differed from those determined

from the shore gage by two to three seconds,

If offshore topography is not appreciably different from

ideal conditions, it is believed that littoral drift computations

based on the results of this study should lead to more rational

design standards and criteria for coastal works in Florida.
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APPENDIX I

DERIVATION OF THE LONGSHORE ENERGY FLUX EQUATION

Energy flux past Station 1 ~ Energy flux past Station 2

+ Energy losses between Stations 1
and 2

The energy fLux for a ray separation of hk can be expressed in

terms of the product of the energy density E and the group velocity,

Cg; i.e.,

Energy flux = E Cg ' kk  I-1!

where, for small amplitude wave theory, the energy density E and group

velocity Cg are:

82

The purpose of this appendix is to develop a relationship for

the longshore component of energy flux in terms of the deep water wave

parameters. As before, this relationship is strictly valid only for

bathymetry represented by straight and parallel bottom contours

 see Figure I-l!.

Consider a wave system propagating from deep water to shallow

water along the rays  paths! shown in Figure I-1. By definition, there

is no flux of energy normal to the rays; conservation of energy therefore

requires that, on the average, the energy flux past Station 1 must be

equal to the sum of the energy flux past Station 2 and the energy losses

between Stations 1 and 2,



83

FIGURE 7- I. PARAMETER DESCRI8ING PROPAGATION OF

WAVES FROM DEE P TO SHAL LOW WATER

Surf Line
 Wave Breaking!

Bottom
Contours
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~H f t.-lbs.
2

8 2
ft

 Z-2!

C 2Kh ft.

2 inh 2Kh sec.

with H = wave height, feet

specific weight at seawater, lbs./ft 3

L
wave celerity �, feet/second

2'll
wave number, �,  ft!

depth of water below mean sea level

Reference to Figure I-i will show that between any two adjacent rays,

hb is uniform and also that

M. = hb cos  Z-4!

2
Onshore Component of Energy Flux = E Cg hb cos a

Longshore Component of Energy Flux = E Cg 5b cos a sin ct,  l-6!

At any location, the wave height, H, is related to the wave

height, H , in deep water by
0

H=HK K K
o r s fp

where the length hb is oriented parallel to the bottom contours.

The energy flux is a vector quantity; at any location the

onshore and longshore components of energy flux between adjacent wave

rays per foot of beach length are given by
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n C 1/2
where K = linear shoaling coefficient =

0 0
with n = 1/2

s nC 0

K = refraction coefficient
r

K = friction-percolation coefficient, a reduction factor
fp

accounting for the energy losses due to bottom friction

and percolation occurring between deep water and the location

of interes t.

Because sand transport occurs primarily within the surf zone,

the energy flux into the surf zone and the  breaking! conditions at the

surf line are of primary interest. From Equation �-6!, the longshore

energy flux per unit beach length at the surf line is

E = Cg sin 0 cos u
a

which can be expressed in terms of deep water conditions as:

2
YH

2
E =  K K K ! Cg sj.n u cos

a 8 r s fpb

According to linear theory,

Cg
K

s Cg

jcos e
K

0

r v cos o

1 lo
Cg
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Equation  I-8! therefore becomes:

"1  1 f t � 1bs
K K sin u, cos  x per foot of beach  I-13!

b sec

The form of Equation  I-13! that is recommended in the literature

 see Reference [11]! is obtained by considering a one-day period and re-

writing in terms of millions of ft-lbs of longshore energy per day per

foot of beach as:

 I-14!

YH
2

E
o 8

in which

 number of waves per day! 24�600
T

and

lt can be seen by comparing Equations  I-13! and  I-14!, that the

above equation embodies the assumption of K 1, i.e., no energy losses.
fp

This assumption can be considerably in error in coastal areas with broad

shallow continental shelves.

By substitution of Equation  I-11! into Equation  I-13!, another

form of the longshore energy flux equation is derived as:

H
0 2 ft � lbsE = I Cg cos n sintx, K per foot of beacha 8I o o o fp sec

 I-15!

or

H
0 2 �4! �600! .. ft - lbsCg cos e sin ab Kf million per foot of8 j o o b fpb 106

beach

E*
0 2 ft � lbsE = �  number of waves per day! sin Q cos  x K

a 2 b b r day per foot of beach
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Note that in the above equations, the effects of bottom friction and

percolation were retained. Equation �-16! is the form of the long-

shore energy flux equation used in the computations of this report.



APPENDIX II

ANALYSIS OF SSMO WAVE HEIGHT, PERIOD, AND DIRECTION RANGES

The purpose of this appendix is to describe the manner in

which the groupings of wave data listed in the SSMO volumes were

handled for computations of longshore energy flux.

For the SSMO data, a representative value of H must be chosen
0

for each interval of wave heights contained in SSMO Tables 18 and 19.

Since energy is a function of wave height squared  in linear theory!,

a representative value of H for a given range of H values should be
0 0

based on the mean square root value of the wave height over the range.

Consider the probability of occurrence of a wave with specific

height H as equal to p H! in the range H to H . The energy represented

2
in this band of wave heights is proportional to H the mean value of a

Z

representative wave height squared where:

H

p H! H dH
2

2 H

r H2
p H! dH

 I I � 1!

H

Since p H! is not known, it is considered uniform, which is

reasonable if the wave height range H   H   H is small. The equation
l 2

then becomes.'

88
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H

J "..
H2 Hl
r H2

l H � H !
 II-2!

3 H - H!

Taking the square root of this value,

I/2
H � H

H2 Hl
 II-3!H

r

Using Equation  II-3!, representat ive values of H were found
0

for the corresponding ranges of H given in SSMO data, and are summarized
0

in Table II-l.

Wave Period

Representative values of T were assumed to be the average of the

SSMO period ranges, and are given in Table II-2. For T > 13.5 seconds

a representative value of T = 16 seconds was assumed.

Wave Direction

Directional observations as recorded in the SSMO volumes are

given on eight points of the compass and thus correspond to eight 45'

sectors of the compass. In the computation of the longshore energy

flux, the midpoint of the sectors, as given in the SSMO data by the

eight points of the compass, were used as the representative values of

e for direction of wave approach. When a representative wave having

a given frequency was parallel to the coastline, the corresponding
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TABLE II-1

REPRESENTATIVE VALUES OF NAVE HEIGHT USED IN
CO<~IPUTATION OF I.ONGSHORE ENERGY FLUX

Actual SSI<O Range of lleights
 feet!

Height Used in Computation
 feet!SEE Coded IIei~ht

TABLE II-2

REPRESENTATIVF. VALUES OF WAVE PEIHOD USED IN
COIIPUTATIOiV Ol' LONGSHORL' ENERGY FLUX

Period Usefl in Computation
~ff, 'h E f'fSSHO Coded Period Err of Sdffd E;«uf of P r'od

<6
6-7
8-9

10-11
12-13

>13

3.0
6.5
8.5

10.5
12.5
16.

0 r T 5.5
5.5 7,5
7.5 9.5
9.5 11.5

11.5 1.3. 5
13. 5 EEf

<I
1-2
3-4
5-6

7
8-9

10-11
12

13-16
17-19
20-22
2 3-25

0
.82

2.46
4.10
5.74
7.38
9,04

10, 70
12. 30
15.60
18.90
22.15

H t 082
ol/3

2.46
4.10
5. 74
7.38
9.04

10.70
12. 30
15.60
18.90
22.15
22.43

0.47
1,71
3. 31
4.94
6.58
8.22
9,85

11, 49
13.98
17.25
20.53
23.81
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sector of waves was divided into two parts, one being deleted from

the computation and the other approaching the coastline from the

midpoint of its half sector with the corresponding frequency halved

 see Figure II-I!. Wave data in octants with midpoints in the off-

shore direction  > 0 + 90 ! for a given coastline orientation have
n

been deleted from the drift computations.

In the SSNO data it was ascertained that a considerable number

of the original observations were taken on the 36 points of the compass,

and, when reduced to the eight points of the compass in the SSMO tables,

a skew of the wave direction was introduced. This skew amounts to a

ten degree shift clockwise, and has been accounted for in the results

of the littoral drift computations.
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�! Wave data before modification is convert ed to  b!

f'REOUENCY = /2f

OCEAN

 b! Weve dota after modification

FIGURE ZE - I. MODIF ICAT ION OF WAVE DATA FOR KNAVES

PARAI L EL TO COASTLINE



APPENDIX III

CALCULATION OF BREAXING WAVE HEIGHT, DEPTH,
AND BREAKING ANGLE

This appendix presents the basis for calculating the breaking

wave height and depth of breaking, by either linear or solitary wave

theory. Also, the method for calculation of breaking wave angle

necessary for computation of longshore energy flux is given.

The major factor in determining the breaking characteristics
H

of a wave is the deep water wave steepness, equal to �  or if refrac-0

H'
L

tion is considered � !. In the present analysis a judgement was made0
L

0
as to whether the waves break according to linear or solitary theory

H'
0

 see Figure 10, Page 30, Reference [26]! depending on whether � is
0

greater than or less than the value 0.02,

from linear wave theory where Kf , K and K are the friction-percolation,fp' r s

refraction, and shoaling coefficients, respectively. Assuming K and Kfp

are not further altered beyond a depth h, then Hb = H' K wheres' b o

H' = H K K at the depth h  assumed 10 feet!. Making the shallow water
o or fp s

approximation:

Kh �!-1/2
0

 Ill-l!

and
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Breakin Accordin to Linear Theor
H

0Iverson has shown that if L > 0.02, a linear wave theory approxi-
0

nation to breaking depth is most reasonable. In this approach Hb = H K K Kfb o sr fp
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Kh 'I
K h! tanh Kh Kh

0

 II I-2!

Then,

K h =  Kh!
2

0
 I II-3!

K
1

s  K h! 1/4 �! 1/2
0

�11-4!

At breaking,

h 1.28 H
b

 III-8!

and on substitution of this relationship into Equation  III-4!, the

following relationship is obtained:

1

's � �	/2�.28!l/4 K 	/4 H 	/4
o b

 III-6!

H = 0692 H' T
b ' o

�11-7!

H H'

with H' and H. in feet and T in seconds. Values of �, versus � are0 H' L
0 o

plotted on Figure III-I  from Reference [llj! which shows good correla-

tion between this approximation and other theoretical and empirical

f ormulas.

Recalling that H = H'K at breaking, the following equation for breaking
0 s

height is found:
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Using linear wave theory with the shallow water approximation,

and a breaking criterion h = 1.28 H, the sin  x term becomes:

sin x = ~ � I sin QlC I 0
0

 III � 8!

Cb =  ghb! = {1.28 gH !  III-9!where

C = 5.12T
0

u = deep water wave angle
0

Breakin Accordin to Solitar Theor

0For � s 0.02, solitary wave theory was used. The equation for
0

breaking waves is given by Equation {1-34! in Reference [11].

H
0

3. 3 H '/L !
 III-10!

C = [g h + H !]
1/2  III � 11!

C = [g{2.28 H ! ]  III � 12!

where again Snell's law of refraction states

C
sin ct = � sin G

b C 0
0

 III-8!

The relationship between this equation and results of other studies can

also be seen in Figure III-l. The term sin e is again calculated from

Snell's law with C being the solitary wave celerity:
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Fi ures Al Throu h A50

Average Annual Net and Average Annual Total Littoral Drift

Diagrams Along the Florida Peninsula



I-
LL
ILI

O I-

o
o

e CP0 D Lg
o ~
Lal

CO
Z



cg Z
I- ~

I- gz

Z o
Z

! jh

s!:
CV
4C

o Z UJ
Q 0
W

E9 Ch



t- y!

Z + ~

g Ch

5 s/p
III

I-
LLLal W K

CI

Z CO g
a0 Z

0 0- LU
VJ

g ~ 4



g!g

lal

CP CA
LU 0
z



0

NCl0
0.

LU
Ch

z

4 g 0
4J Lal ~ O

IUUJ � > ~ a
o Z 0

go

~
Ill ~
X

CO~
~~O

IL

8



R

0

Cl

Z ld
UJ

0
I

0!
4l O

4J

I- Deahg
gC�

jg5
~ !I,"'
s!~
:I-
!N



I

4J

IQ

K ! IL
o

CI
?

C
CO Z 0
O

a
IU

UJ
Z 4. 'C

ZO

~
!i
~
gc5

;4
;!!



!a

~
Pg
0

;Ij

~ ~



O

h
I-

4J ~
Z~
4 lab

ZOg
$!Q

5+~ $'JJ

O

O
?
Ul
l5
LU 0

o
cn
p ~ Q4J

o
I- laf

CO
R' U.



g Z C;
O

UJ lal g I-
Ql

lU O

Z I I
I I



X

Z
4J

lal
0

a
o

rn z
o 4l

a
lal

CO
z u. 4

j ;s

~

sf<



'h 'h '4 s

~

g I-

Z LU o I-
0!

Id p

I I I



!h

g!!
g

t i<-
Nl

cC

W e
CI

X LU

0

o z 0 CP
Lal

q t'

Ol
u. C



! 3

8

a r
C9 o

LU 4J co
O

Z Q.



0

4 K
lal
Cb
4l

lab

I- I-
CO
0

Z 4-

4J LU
Z Z

I I I I

o 4J
0

o
g 0

4J
o
M

CO
h.

4J ~
z

~

I!



X

&ui

s 4

O Z
C9
UJ laJ

~ t
C9 cn

O
Z 0



C!
Z
4J

o
Z 4

Lal 4I
Z Z
I
I I
I I

0

a LIJ
CO

4.



hJ
le

I- tO
4l 0
R L

f I I

/

l L

e



O

la.
0 a

lal
a

o
y! Z

w v
la!

o
aal

4J 4L
Z U. 4



4 R
la!
8 a
Ul

Lal

l
t5 CO
la>



~
s!I



C4
Ol
cC

lal
R

O ? Lal
C9
La!



o

~

"-



X 0

W IK
CO
Tl-







LU

R tO
K



!s
 H
ga.

8 g
afz



X
w p

O O

CI
X
lal
E5



~ I ~ LI;1 1

~

~

ice





!~s

s!~



o 'h

l4

5 sg



h!

h



UJ
Z ~

1 ','ts gJ



~

~ a!g



~

j 5

!!s
I~I



j-;l

~

jS





,jg





~

;I!-
>I,



4l

wa
Z

lal

!e
! I-

UJ
xU

R



8 k ~ C
R

8

sJ,
i!.

W K 4-



o

'b





i l-'o goal

X 0



~
~

,N



~

5
z$

j<

>!s



j5

t~l



~

l

~



~ ~ ~
gl!



Fi ures Bl Throu h B12

Wave Height and Wave Period Roses for Offshore Wave

Climate Alorg the Florida Peninsula
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Fi ures Cl Throu h C24

Average Monthly Net and Average Monthly Total Littoral Drif t Diagrams

for the Segment of Shore from Fort Pierce inlet

to St. Lucie I.nlet, Florida



~I

Ll s



~  s



~ !le
I-

,~5
~$3



U

~

~

8
Kg g

='.A



X
Q A 4J

�i
5

5!=



Kg g

;f5

I-

z
aQ a

LIJ 4J

I- co
O

Z O.

I t I I



t Z

h.

0

4J

N

0 Z
LaJ
C5
LU

o o

CO
O

Z

la! lU
Z Z
I
I
I I

7. 0
K

g 0
0 4J

a
CO

u.

UJ

Z
X

Lal

aJ,



8

4 O

~ ~
~

~
5 V!

gS
Zg

o!p

a X
4l

4J
LU

I CQ Vl
4J p



8

O

fh
AALU

Z

3hVS 3

m

LU Z

-fe

g5
Xg

5!
«gS

0 UJ
0

0
0

Z
Ih y!

X 0
a

IL.
p O

lAJ
o

t g K
cn ? O

4J

lAI
AAJ R CO
? lA.

N



R

Q

lal
K

CP
la.

o
R

o
4J

cn
O

Z

8

h

CJ

laig g

h u

5!~

=:8



O

O 2 a
LLJ

o
LLJ 0 0

O It
g! Z O
o

z a It
ILI

4J 4I It IA
Z Z IL. Ct

I i I I



CV
CJ

o
Z

K
Lal

UJ

I-

le Q
2 L

I 8 le',.�

~8

~

O

~ ~

g z
g~ le

e



O gI
4.

O g
Z o o
bJ
 y le
w

40
O

Z 4
I-

z z

0
0.'

z 0
UJ

 y
UJ

Eh
u. ct



A

~gg

%g~

z!h

g 4.
C

UJ
o

J 4I

I-
CO g!
lal

I I
I I



~
c

O R IU
C5
UJ

Ch

O K 0 O UJZ C7
4.

CO
I-
X

0 UJ

0
cn
Z

4
L 0
O

U
O

I- I-
C9 CO

O

Z I-
Z Z
I
I

I

~ gS
zing

:S5



5 q
c$g

:iI
=:!i

0 I-

Z IC
CO n

Lal C9 CO
IU O
2



CP

O ?
LU

LU

R

a

I I
I

0
n

u
zVJ

O
a
4J

tO



~
fsj

k0il ~

IU

~ C
CO

4J p
I
I
I
I



!B

R R
0 4J

g K
co
o Lal

o
t 4J
UJ + EO
Z 4. 4



~

a!

4I

4O CO
lal

0



a
R
4f

UJ
IU
J t p 0 g

CO z
CP8 D LIJ

o
UJ

lal gg 40
a u. 4



�e
w

~
a!g

4J

I-
~ C

CO
lal p



!I-
gS~

Xg$ ! 4I

O R
lal
C5
W

~ aCh Z
4JG.

mVl
z



~

�e
,h
:iI
."8

0



1'igures Dl Through D48

Monthly Wave Height and Wave I'eriod Roses for Offshore

Wave Climate in SUMO Data Blocks ll and 12
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