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ABSTRACT

Wave characteristics, longshore drift velocities and beach eleQa-
tion changes were monitored at Weekapaug, East, and Green Hill beaches
on southwestern Rhode js]and's moderate'energy‘shoreliné. Results
showed that erosion was generally the consequence of southeast waves
’ thle acéretion was usually associated with southwest waves. Also,
measured longshore velocitfes were fastest at Green Hill, slower at
Weekapaug and slowest at East Beach. Sfronger littoral currents at
Weekapaug and Green Hill beaches probably resulted from the closer
.proximity of potentially steeper longshore hydraulic gradients asso-
ciated with adjacent headlands.

As‘no field observations were available regarding nearshore circu-
‘lafion, the longshore component of wave power curves and generated breaker
heights from a mathematical model (May and Tanner, 1973)7were used to
suggest circulafibn‘patternsi For oblique wave approaches, bofh sets
of data indicated that small circulation cells tended to stack on the
‘windward sides of headlands with longer cells to leeward.

Field data were compared with the computer model output for three
cases of beach erosion-deposition response. In each case the model
provided the correct simple response but did not ind[cate'a compound
response of erosion on the foreshore and deposition on the backshore.
Furthermore the model failed to successfully predict the Eepresentative
field example for ﬁon-uniform response; i.e., erosion at Weekapaug
and Green Hill and deposition at East. However the theory»rélated to
the model was used to demonstrate that refraétion in a beach re-entrant

is responsible not only for the magnitude of the cutting aﬁd filling

response but also for the uniform and non-uniform erosional and



accretional responses.

| An eyaluafion of the model revealed that inifial.grid size and

ray spacing‘were responsible for the predicted longshore energy distri-
bution and drift dfrectfon. Moreover rapid bathymetric changes, shoals,
and surf zones éaused the modgl to breakdown due to mathematica] limita-
tions. Further longshore Speea forecasts were greater tﬁan measured
because the model was incapable of considering reformed smaller waves.
Finally no positive correlation between storm and fair-weather seasonal
APL curves and their corresponding seasona! elevation changes were

found because a sufficient wave spectrum was not available to be

cons idered.
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PREFACE

The Thésis is written in Manuscript form in anticipation of
future publication. Detailed discussion of the methods, breaker
energy, wave attenuation, influence of period and height on longshore

power, and volume calculation are in the appendices.
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Figure 1, Map of southwestern Rhode Island shore with the underwater

topography of adjacent Block lsland Sound.






b,
McMaster (1960) and Beale (1975). McMaster (1960) extended the undef—_
standing of beach drift from Watch Hill to Point Judith, based upon
significant changes in heaQy mineral composition of the foreshore beach
sand. He found that the net beach drift converges westwafd toward
Charlestown Inlet and diverges from a position near Matunuck Point,
suggesting beach circulation cells for this stretch of éhoreline. How-
ever, the energy agents responsible for these cells were not examined
nof waé consideratfén given to the changing nearshore circulation
pafterns under differing wave regimes. In the vicinity of Matunuck
Point Beale (1975) extended McMaster's study by investigation of the
.movement of sand‘under wave and tide conditions in both the foreshore
and nearshore zones. He found that beach ﬁirculation cells described
by McMaster (1960) are present and are maintained by the refracted
southeast swells,

In 1961 a biweekly transit survey was initiated to record periods
'of erosion and accretion over yearly cycles at Moonstone, Green Hill,
East, and Weekapaug Beaches (McMaster, 1961) (Fig. 1). A comparison
of proff]es from this survey indicated these beaches may not erode and/
or accrete in a unifo}m manner under a given set of wave characteristics.
The study raised the questions as to what parameters cause the non-
éystematic behavior and why the response .is so persistent.

A promisiﬁg approach of furnishing answers to these kinds of
questions was déveloped by May and Tanner (1973) for the west coast
Florida beaches. They wrote a computer model to provide.a method of
predicting shoreline changes from the approximation of the longshore
drift gradient; This program, giveh deép water wave characteristics,

will generate the total power of a breaking wave and the longshore



power compohent of the wavé} The'gradient between the points of
longshore drift, the litforal power gradient, is then determined
graphically. This indicates where erosion, trahéportation, or deposi-
tion is taking place along a shoreline. The model's output was favor-
ably tested against observations made on Flérida's low energy beaches.
Hence, a 13 km mid-section of Rhode Island shoreline which
included Weekapaug, East, and Green Hill Beach stations (Fig. 1) was
‘'selected for detailed studies of waves, nearshore circulation, and
beach level changes by meané of field observations betweén September
1974 and September 1975. These observations were compared with long-
shore drift speeds and beach erosiona]-depositiona] potential as pro-
duced by the May and Tanner computer model for the saﬁe shoreline
segment. The purpose of this investigation was to (1) coMpare tHe two
_ brocedures used.to infer the littoral circulatibn direciions; (2) show
why the observed longshore velocities have a distinct variation; (3) ex-
~plain the uniform and noh-uniforﬁ beach responses in the shoreline

segment; and (4) evaluate the applicability of the May and Tanner (1973)

model to the moderate energy Rhode Island coast.



1. GENERAL SETTING

Meteorology

Rhode Island's weather is influenéed by the migration of the jet-
stream, or circumpolar circulation, and the Bermuda High (Havens _iﬂgl.,
1972). In the fall, as the circumpolar circulation expands, the winds
become stronger and more intense northeast storms pass through. the
region. In the spring circumpolar circulation contracts allowing the
Bermuda High to expand (Havens et al., 1972).. Uﬁder the influence of

the Bermuda High the winds are gentle and from the southwest. During

this season storms generally follow the coast as they move north.

"Physical Oceanography

For this study the most important aspects of physical oceanography
are the waves and tides. The predominant southerly and southeasterly
waves impinging on the southern Rhode lsland shore are due to the
refraction by the offshore landforms (Fig. 1). These swells are
generated by storms along the Atlantic coast, with the highest swells
from the east (Corps of Engineers, ]950); Southwest waves are
produced in Long Island and Block Island Sounds. In the winter and
fall the overall wave climate is more severe (Anonymous, 1975), because
of the prevéi]ing weather patterns (Bumpus, 1972).

In B]ock>lsiand Sound the tide is semi-diurnal and has a range of
Im (Anonym0us; ]976). Nearshore the tide is east-west oscillatory, but
be comes rotary beyond the ém isobath (Anonymous, 1975). For the major

part of the tidal cycle along the shore the flood current flows
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westward and is strongest in this direction. For this tidal stage the
maximum flow is about 25 cm/s at Green Hill and approximately 55 cm/s
at Weekapaug (Anonymous, 1971). The eastward ebb current is less than

25 cm/s for the southern Rhode Island shore.

Geology

Pleistocene glaciation has.c0ntrolled the surficial geology of
eastern Block Island Sound and coastal southwestern RHode Island. The
floor of the sound, consisting of glacial outwash and ground moraine,
has been modified by stream flow which in many cases followed partially
filled pre-glacial valleys before the rise of sea level. ' Ground moraine
deposits not only form the shoals off the present coast (e.g. Nesraska
Shoal) but also transect the modern shoreline trend ét Weekapaug, Quono-
chontaug and Green Hill. However, bedrock outcrops, too, are associated
with the morainé at Quonochontaug and Weekapaug Points.

The present barrier splits in the study area developed betweenbthe'
préngs of ground moraine. Fo]lowing the ice retreat from the region,
these barriers dia not begin to form until the sea reached a stand of
-5m below todayfs level, approximately 3,500 years B.P. (Dillon, 1970).
With further transgression of the sea, the beaches could have drowned,
built-up and remained étationary, or migrated depending upon the
available sand supply and the>rate of rise of sea level. Dillon (1970)
has shown that, although the éea level rise was slow during this
'interval,‘the beaches were forced to migrate because of a limited supply
of sand. Moreover, only the‘g]acial deposits, which were reworked as the

sea transgressed, could have supplied the available volume of sand.



Description of Beaches

Weekapaug, East and Green Hill Beaches, lying from 5 to 8 km apart,
-are located in each of three elohgated, asymmetrical, shallow, sho;eline
re-entrants (Fig. 1). These are: Weekapaug to Quonochontaug Points;
AQuonochon;aug.to CHar]estOWn Breachway;land the Breachway to Green Hill
Foint. Although Weekapaug and East are situated almost equally between
their adjacent bayheads, the former is nearer to its headland than the
latter. However, of the three beaches, Green Hill lies closest to a
heédland.

The general characteristics of these observational beaches are
similar with respect to overall width, slope and grain size, but differ
in other respects. Measuréd horizontally from the base of the dunes to
the low tide mark, the breadths of Weekapaug, East and Green Hill Beatheé
are 36 m, 45 m, and 45 m respectively. The general slope at all three
beaches is approximately 3°, and the sand is medium-grained. At Weeka-
paug Beach; a consistent slope occurs from the low dunes to the low
water line, infrequent cﬁsps tend to have long wavelengths and low
amplitudes, and scarps are very rare. East Beach, on the other‘hand,
is backed by prominent dunes, reveals a very distinctive berm year;
round, frequently cbnfains cusps that are shorter and deeper than at
Weekapaug, and shows scarps that are more prevalent due to the year-
round berm. At Green Hill the highest dunes oceur, the sloée_is
constant from the base of the dunes to the low water line, cﬁsps are

low amplitude and variable in wavelength, and scarps are uncommon.



Offshore Topography

The'offshore topography can be generally characterized as stretches
of regular parallel contours broken by shoals (Fig. 1). To the west of
Weekapaug Beach is‘an attached southeast trending‘headland shoal, while
the bathymetry contiguous to the beach is regular. Similarly, the topo-
graphy off East Beach is smooth, but small shoails exisf further offshore.
To the west a lobate shoal trends southeasterly from Quonochontaug Point.
The bottom configuration off Green Hill consists of two flanking shoals.
The shoal to the southwest of the beach is small, attachéd.and lobate
while the other, Nebraska Shoal, to the southeast js large, detached,

hummocky, and ovate.



I'11. PROCEDURES AND METHODS

On the three observational beaches, elevation profiles were measured
and incident waves were observed from September 1974 to September 1975.
The profiles were determined before and after storms and periodicallyv
in fair wéather periods by using a handleveling and slope chaininé
method (Kelly, 1960). For detailed descriptién of methods see Appendix
‘A. Previously established reference points of the bi-weekly McMaster
(1961) survey were occupied for leveling. Also, the concurrent profiles
from the McMaster (1961) survey provided additjonal leveling data. By
boat a single nearshore echo sounding survey was made adjacent to each
study beach in early September 1975 in a manner similar to that of Bascom
(1964). Two parallel lines, roughly 15 m aparf were run to abpr0ximétely
the 9 m contour.

The important wave parameters, height, beriod, and approach angle
were determined by modifying methods suggested by Peirson et al. (1955).
The breaker height was measured by comparing the breaker to a marked
pole while standing at the water line. Timing the waves with a.stop-
Qatch just as they broke provided a measure of the period. Finally,

‘the approach angle was determined by sighting perpendicular to the wave
fronts with a Brunton compass. When the surf conditions pérmitted,
wooden blocks were thrown into the water to estimate the direction and
magnitude of the littoral drift (Bascom, 1964).

In the laboratory the level data were processed and compiled for
compa}ison'with.the May and Tanner (1973) model computer program. A 4
hindcasting method (Bretschneider, 1952) was uséd to ‘generate additional
wave ipformation for the program. Another source of tide and wave data

for the program was obtained from New England Electric's Charlestown



11.
Power Plant Project (Anonymous, 1975). For a final comparison, air
photos taken after the December 1, 1974 northeast storm, were traced

for the wave patterns.
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IV. MAY AND TANNER MODEL

The May and Tanner model (1973) is formulated to predict shoreline
changes by thg interaction 6f waves and coastline geometry. Based upon
refraction in a half re-entrant shore, the‘ehergy from impinging waves
is highest at the headland and smallest at the bayhead (Fig. 2). Also,
the wave orthogonals are perpendicular to'the shore at the headland
and bayhead due to convergence and divergence, respectively.

Longshare sand transport in a bay is best described in térms of
energy‘per unit distance along the beach per unit time, which in cgs
units is g«cm2/53-cm or g-cm/s3. Since energy per un}t time ((g-cmz/sz)
(1/s)) is power, the rate of doing work can be expressed as power per
unit distance on the beach ((g‘cmz/sz)(l/s)(l/cm)). The littoral com-
ponent of power, PL’ can theh.be defined by the power per unit distance
and the angle B, between the wave normal and the perpendicu?ar to the

depth contours. PL has the same units as shown in the above dimensional

~analysis. Ffrom the following equation
P f 0.5 Pb sin(28) | | (1

where Pb = total wave power per unit distance along the shoreline and'
0.5 = constant, it is obvious that PL is a direct function of sin(28).
Tﬁus, as sin(28)-0, PL+0, and as sin(28)~1, PLiO.SPb; Therefore

there are two points where sin(2g) and PL are zero; i.e., at the head-
land (a) and the bayhead (e) (Fig. 2). At the midpoint (c) along the
fe-enfrant, the sin(28) ahd PL are maximﬁm.

From RL the transport rate, q, or the quantity of sand which

crosses a line perpendicular to the beach per unit time, can be



Figure 2,

Half re-entrant of the May and Tanner (1973) model. The
littoral drift is shown moving from the headland (a) to
the bayhead (e). Alse indicated is the energy distribution

for the half re-entrant and the associated curves PL

(q "and IL) and dq/dx. (After May and Tanner, 1973).

13.






calculated. The empirical relation (Inman and Bagnold, 1963)
q = KPL/DSY | (2)

where p, = mass density of the moving sand, y = acceleration of gravity,
and K = dimensionless numerical coefficient. Since q is a linear func-

tion of PL' it has the same maximum and minimum points (Fig. 2). Going

from a (PL =0) toc (PL = maximum) on the g curve, the transport rate

becomes larger for each successive increment and erosion is suggested.

On the other hand following the q curve from ¢ (P, = maximum) to e

L

(P, = 0), the rate of transport values diminish for each increment and

L
deposition is indicated. Another approach to understanding the impor-
tance of the transport rate is to examine the change 'in g per unit

length of beach; i.e., dq/dx or equivalent AP in the interval a to

L
vc,_q increases rapidly per unit length initially (a to b) but then
decelerates from b to ¢ (Fig. 2). Thus, the intermediate point b is
defined where erosion is at a maximum. Using the same method, a
éorresponding point maximizing deposition, d, is determined. Point C,

where erosion and deposition are equal dq/dx = 0 (AP, = 0) and is

L
‘interpreted as being the position where transportation takes place.

. Thus for the change in delivery rate, dq/dx (APL), a, c, ahd e are
zero and b and d are maxima for erosion and deposition, respectively.
The positions of a, b, ¢, d, and e will vary with differing wave
regimes, but they will éll be present. Hence under a given wave
regime‘the waQe energy (E), the longshore power component (PL)

generated, and the transport rate (q) can all be related and used to

describe the shoreline changes in a half re-entrant beach.



V. RESULTS

Field Observations

Wave Data

In general, waves approached Weekapaug, East and Green Hill
Beaches from the southeast and southwest directions (Table 1), with
the most frequent wavesAcoming from the south-southeast at heights of
0.3 to 0.6 m and periods of 5 to 6 5 (Table la). The southeast waves,
propagated in the Atlantic, were 0.3 to 0.6 m high and had periods of
“about 8 s (Table 1). Those from the southwest were generated locally in
Long islaﬁd and Block lIsland Sounds and were usually some 0.6 to 0.9 m
in height with 5 to 6 s periods.

THe most important event of the year was the December 1, 1974 north-
east storm in which winds gusted to hurricane force. On the following
day the decaying wave ensembles were coming from the southeast with
average heights of 1.5 m and 12 s periods. Wave information from the
Charlestown Hydrbgraphic Study (Anonymous, 1975) agreed with the

investigator's observations (Table 2).

Beach Profiles

Surveys were conducted at the three beaches simul taneously with
wave observations. Weekapaug, a beach with constant slope and generally
no berm (McMaster, 1961), responded iﬁ its usual manner by showing small
vertical changes between the surveys. For example during a two week
~period, this beach revealed a 0.6 m elevational change (Fig. 3a).
Interestingly after the passage of the severe December 1, 1974 northeast

storm, the upper beach built-up while the lower foreshore showed no



Table 1. Wave Measurements
Beach
Date .
. Weekapaug East Green Hill
°T . T(s) H(m) o 1(s) H(m) °r  T(s) H(m)

9/ 5/74 40 7.0 0.61-0.92 135 9.0 0.15 135 8.0 0.15 .

9/12/74 180 4.0 0.30-0.61 180 4.0 0.30-0.61 180 4.0 0.30-0.6]

9/26/74 200 4.5 0.15-0.30 125 = 8.5 0.30-0.61 160 7.0 0.30-0.61
10/11/74 160 5.0 0.15-0.30 160 5.0 0.15-0.30 1h2 5.5 0.15-0.30
10/24/74 130 7.5 0.30-0.61 135 8.0 0.61-0.92 138 7.5 0.61-0.92
1/ 4/7k 128 9.0  0.30 132 7.0 0.61-0.92 160 12.0 0.30-0.61
N/12/7h 130 6.0  0.61 120 6.0  0.6] 150 6.0 0.81-1.22
11/14/74 190 6.0  0.61 194 §.0 0.61-0.92 196 6.0 0.92-1.22
12/10/74 140 12.0 0.92-1.53 150 12.0 0.92-1.53 Missing

1/10/75 134 5.0 0.30-0.61 132 5.5 0.61-1.22 150 5.5 0.30-0.61

1/17/75 200 4,0 0.15-0.30 220 5.0 0.30-0.61 210 5.0 0.15~0.30
©1/19/75 190 6.0 0.61-1.22 196 6.0 0.92-1.53 194 6.0 0.61~1.22

1/23/75 160 6.5 0.15-0.30 160 6.0 0.15-0.30 160 6.0 0.15-0.30

2/10/75 200 5.0 0.15-0.30 200 5.0 0.15-0.30 202 5.0 0.15-0.30

2/26/75 210 5.5 0.61-0.92 206 5.5 0.30-0.61 212 5.5 0.30-0.61

3/10/75 190 4.0 0.15-0.30 188 4.0 0.30-0.61 210 4.0 0.30-0.61

3/18/75 126 6.0 0.30-0.61 128 6.0 0.61-0.92 125 5.0 0.61-0.52

L/ 8/75 200 4.0 0.15-0.30 204 4.5 0.15-0.30 202 4.5 0.15-0.30

4/18/75 148 7.5 0.15-0.30 142  10.5 0.61-0.92 144 8.0 0.30-0.61

5/ 6/75 135 8.0 0.15-0.30 136 8.0 0.61-0.92 136 8.0 0.15-0.30

7/25/75 160 7.0 0.30-0.61 166 = 7.0 0.61-1.22 200 6.5 0.61-0.92

8/22/75 214 6,0 0.61-1.22 210 5.5 0.92-1.53 210 4.5 0.61-1.22

9/27/75 195 7.0 0.61-1.22 155 8.0 0.92-1.53 148 7.5 0.61-1,22




Table la. Ranges .and Modes of.Wéve Data

Parameters Ranges Modes
Direction SW-ESE SSE
Height 0.1m-1.5m 0.3m-0.6m
"Period hs-12s 5s-6s
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Figure 3;"(a) The characteristic response of Weekapaug throughout the
study. Rb is the permanent reference point for all sur-

-veys at this beach.

(b) The response of Weekapaug as a result of the December

1, 1974 northeast storm.
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change or suffered only local erosion_(Fig. 3b). Howevef, for the
year Weekapaug showed a general erosional reéponse.

East Beach, with a predominate year-round‘berm~on the foreshore,
Was identified as a beach that eroded and accreted large volumes of
sand (McMastér, 1961). This response continued since it was not Qnusual
for 1.1 m of erosion or accretion to occur on the foreshore (Fig. h4a).
The December 1, 1974 storm caused 1.7 m of vertical erosion (Fig. 4b),
which effectively removed the berm leaving the profile concave upward
‘until March when the berm begaﬁ to rebuild. As a first phase of
erosion the berm frequently e*hibited a scarp.(Fig. Lba). For the year
East Beach showed a net cutting response. |

On Green Hill the amount of cutting and filling that occurred was
:more tﬁan that at Weekapaug, but less than that at East Beach (McMaster,
196]); and the response style remained the same. The beach showed a
vertical change of generally no more than 0.6 m (Fig. 5a) and a net
erosional response>for the year. The December 1 northeast storm waves
effectively cut into the‘dunes and spread the sand on fhe lower fore-
shore which produced an accretional condition on the beach face (Fig. 5b).

During this investigation fhe beaches did not always erode and/or
accrete in unison whicH was documented previously (McMaster, 1961).
The January and February surveys indicated East Beach had efoded 0.7 m
on the foreshore and accreted 0.5 m on-the backshore while Weekapaug
and Green Hill accreted 0.3 m and 0.9 m, respectively (Fig. 6). Although
Eést Beach's.foreéhore was cut-back and Green Hill and Weekapaug were
built-out, -the phenomenon of: non-uniform response was not limited to
‘this order; i.e., Green Hill could have eroded while Weekapaug and East

Beach were prograding.
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Figure 4, (a) Certain East Beach rcspoﬁses. Profiles from Scptémbcr
26 and October 11, 1974 show a scarp as a result of
cutting. -Also a large cutting response (1.1 m) is shown
by profiles from September 12 and 26, 1974.:

(b) The respdnse of East Beach as a result of the December

1, 1974 northeast storm.
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Figure 5.

(a) The characteristic response of Green Hill during. the
study.
(b) The accretional response of Green Hill as a result of

the December 1, 1974 northeast storm.

25.
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Figure 6.

27.

The non-uniform behavior of the observational beaches un-
der the same wave conditions. The profilés indicate Green
Hill is accreting while East and Weekapaug are eroding in

this time span.
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Offshore Prbfiles

In early September 1975 éffshore profile pairs were made off
Weekapaug and East Beaches. No offshore bars were observed on either
of these profiles. Furthermore, contouring failed to indicate thez
occurrence of any significant bottom forms within the 0.3 m resolution
of the sounding technique (Fig. 7). However the profiles were déne

after a building perfod so the sand may have been stored on the beaches.

Longshore Drift

. The longshore drift was measured at about the same time.in the
tidal cycle for all beaches and correlated with wave characteristics
(Table 3). Generally, speeds were fastest at Green Hill and slowest
at East Beach. The cdmputed speeds, however, did ﬁét indicate the
variation between Green Hill ahd East Beach (Table 4 and Fig. 8).
Also they tended to be somthat higher than those observed and were
equally as variable from beach to beach.

Longshore drift direction.on any given day was compatible with
wave direction and was the same at all three beaches. In one instance,
though, the drift was counter to the wave approach and wind direction.
Also, on two occasions, when the waves were propagatingApafallel té
the beach, the drifter slowed and moved on a-course perpendicular to
the shore with no aid from the wind. This pathway was probably

caused by a rip current.

May and Tanner Computer Output

Longshore Drift
The May and Tanner model (1973) predicfs different drift direc-

tions for the beaches in 17% of the paired data from Tables 3 and‘h.
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Figure 7. Nearshore topography off Weekapaug and East beaches based

upon sounding profile pairs. Contours in feet.
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Table 3. Longshore Current Measurements

Beach
Date Weekapaug East Green Hill
(cm/s) (cm/s) (cm/s)
9/ 5/7h . 17.0 (W) 8.6 (W)
1/ 474 23.0 (W) "23.0 (W) "23.0 (W)
1/10/75 —— 91.0 (W)
2/10/75 91.0 (E) : 91.0 (E) 91.0 (E)
2/21/75 46.8 (E) 43.9 (E)
3/18/75 18.9 (W) 11.8 (W) 21,7 (W)
L/ 8/75 13.0 (E) 14.7 (E) 20.2 (E)
L/18/75 S 25,4 (W) 20.2 (W) 25.8 (W)
5/ 6/75 7.1 (W) 6.5 (W) 12.4 (W)
7/28/75 7.6 (E) ' 22.0 (E)

S 9/27/75 0 ——— : 15.3 (W) 13.6 (W)




Table 4. Predicted Longshore Velocities

Beach

Date -Weekapaug East Green Hill
(em/s) (em/s) (cm/s)
9/ 5/74 e 16.0 (W) 2h.0 (W)
11/ 4/7k4 . ~55.0 (W) 55.0 (W)
1/10/75 29.0 (W) ‘ “55.0 (W) 13.0 (E)
2/10/75 ~10.0 (E) 33.0 (E) 24,0 (W)
- 2/21/75 ~70.0 (E) o170 (B) 4o (W)
3/18/75 33.6 (W) ~55.0 (W) 200,00 (W)
L/ 8/75 “10.0 (E) 33.0 (E) 2k.0 (W)
4/18/75 12.0 (W) 38.0 (W) 10.0 (W)
5/ 6/75 _ 48.0 (E) | 24,0 (W)
7/29/75 Lo (W) 17.0 (W) ~15.0 (W)

9/27/75 41.0 (E) 33.0 (W)
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Figure 8. Observed and predicted longshore current velocities (cm/s).



100 . /\
.
. \
e L : N -~ Weeraraus
50 / ~0
] \ ) | -7
_ APRR® MAY  JUN  JUL__, _ ~

V-]
- T T i RS 7 |y — - "3’
E I ocr NC}//Dgc JAN EE MAR w/ E;/"_—ﬁ~—i - 206 sép NéV
1674 15757 ¥ .
W 50
—100
100
Pt
. E ast
£ ~s0
I
z ' / / //'\ '
IS5 aall !
5 ‘\‘/ [\-
§ T
w
Green Hiw
w
s P%‘ —T -‘I i T "1
. e —
5 2
8200
—100 Observed

— — — — Predicted



36.

More importantly however these data suggest an extensive pattern of
converging and diverging directions along the ‘coast.
Since the littoral component of wave power (PL) is directly

proportional to the incident ang]e-B, the resulting PL values can
either be positive or negative, depending upon whether B is greater or

curve is drawn on an x-y coordinate

less than 180°. Therefére when a PL

‘systém, it may crosé and recfoss the zero line several times over the
distance of the shoreline. When the curve lies on the positive side of
the zéro line, longshore drift is arbitrarily designated as eastward
and westward - if it is below the line. As a result of subjeetive
‘decisions, more cells.were indicated when the PL curves fo]léwed the
zero line closely.

Drjft directions and lengths along the shore are illustrated by
using southwest (200°T), normal (160°T) and southeast (120°T) abproach
angles at H=0.1m, T=6s (Pl. 1). For southwest waves (200°T)
several eastward and westward movements (~0.5 km) éccur on the windward
sides of headlands) while to leeward 2 to 6 km long eastward drifts are
generated (Pl1. 1). Waves approaching normal to the shore (I6QdT)
produce two larger cells (1 to 3 km) on both sides of the headlands
"with smaller cells (0.2 km) in the bays. Waves having a southeast
approach (120°T) show shor£ (0.5 to 1.0 km) east-west drifts on the
windward side of Quonochontaug. Immediately west of Quonochontaug
Roinf and Charlestown Breaéhway, westward drifts of 5 km . and 2 km,
respectively occur with a | km eastward drift in the bay bgtween

Charlestown and Green Hill.
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ComEarison

Beach Profile and May and Tanner Erosion-Accretion Potential (APL)

At Weekapaug, East and Green Hill Beaches three selected sets‘of
beach surveys and wave data were used to check the accuracy of the May
and Tanner (1973) model predictions regarding deposition and erosion.
The model output included the computed longshore wave power (PL) and

) for the Weekapaug Point to

the corresponding longshore gradient (APL

Green Hill Point coastline for selected ranges of wave angles, periods,
and heights in all possible combinations (Tab}e 5) (P1. 2-6). This
method was used beéause the breaker position versus breaker powervdid
not provide the necessary insights into the causes of the different
response styles (Appendix B) and thé attempt to predict seasonal beach
accretional-erosional cycles were unsuccessful (Appendix C). The first
set of observations and measurements considered for the beaches was on
January 10, 17, 19, and 23, 1975. For the wave conditions and associated
AP, curves (P1. 2-6) refer to Table 6. On January 10 the waves were
southeasterly, and a week later on January 17 southwesterly waves’wefe
observed.

The Weekapaug Beach surveys of January 10 and 17 indfcated acére-
~tion (Fig. 9) had occurred while the appropriate APL curves suggested
erosional conditibn. On January 19 south-southwest waves were observed

and the appropfiate AP curve fdr_the January 19 conditions suggested a

L
cutting back of the beach just as the profiles indicated. For January
23 waves were approaching from the southeast and the APL curve appeared

to indicate erosion which the survey showed took place on the foreshore

(Fig. 9). However, the deposition on the backshore was not predicted by
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Table 5. Vave Parameters for PL Plots

Period (s) I 6 9

Height (m) 0.1 1.5 , 0.1 1.5 0.1 1.5

Angles (° T) 200 200 200 200 2000 200
180 180 180 180 180 180
160 160 160 160 : 160 160
140 140 140 140 . 140 140
120 120 . 120 120 120 120

Combinations of height, period, and approach angle for the longshore po-

wer curves,
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Table 6. Wave Conditions and Corresponding»APL

Date (1975) Wave Conditions Corresponding AP
January 10 134°T ,H=0.1-0. 3m, T=6s 140°T ,H=0. 1m, T=6s
January 17 200°T ,H=0.3-0.6m,T=ks 200°T ,H=0. Im, T=hs
January 19 190°T,H=0.6-0.9m, T=bs 200°T ,H=1.5m, T=6s
January 23 160°T,1=0.1-0. 3m, T=bs 160°T ,H=0.1m, T=6s
Weekapaug

July 29 160°F ,H=0.3-0.6m, T=7s 160°T ,H=0. 1m, T=6s
August 22 214°T |H=0.6-1.2m, T=65 ©200°T,H=1.5m,T=6s
East

July 29 166°T ,H=0.6-1.2m,T=7s 160°T H=1.5m,T=6s
August 22 210°T,H=0.9-1.5m,T=5.55 200°T ,H=1.5m,T=6s
Green Hill

July 29 200°T,H=0.6-0.9m,T=6.5s 200°T ,H=1.5m,T=6s
August 22 210°T ,H=0.6-1.2m, T=h. 55 200°T ,H=1.5m, T=bhs
January 23 -1600T,Hé0.1m,T=65~ 1600T,H=0-1m,T=65
February 10 200°T ,H=0.1m, T=5s 200°T,H=0. 1m,T=ks




Figure 9.

4.

Profiles of Weekapaug, East, and Green Hill beaches for
January 10 to January 23, 1975. These show the eleva-
tion changes that occurred and are used in the compari-

son with the appropriate APL curves in Table 6.



lsv3 / — ..

IS
TIH N3FUSD

aLigen — - —
SLIGUH — ——

SLILML : N\ | .
SLIOLL —X—¥X~— | —




42,

the AP, curve. It should be noted that for all three chronological

L

responses the only data used to choose the appropriate AP

| curves were

based upon observations taken when the beach surveys were conducted and
the selected APL curves were not weighted Because the duration of

specific wave conditions was not known. Therefore any shifts in the wave
regimes-between the survey dates were not measured and hencé not incorpor-
ated into the selection process.

Similar analyses employing the same wave ihformation base were under-
taken -for East and Green Hill Beaches. The sequence of beach responses
for each of these beaches was the same as that recorded at Weekapaug for
the specified dates. Furthermore, at these beaches‘the predicted
responses from the appropriate APL curves and observational responses were
inclined to agree fér each date with the exception of the depositional
evénts on the backshores.

Summarizing this first set of examples, all three beaches responded
in the same manner under the stated wave regimes. Moreover in most
cases the associated APL curves tended to successfully predict the
simple deposition or erosion response but was unable to indicate the
compound response of erosion on the foreshore and deposition on the
backshore.

The second set'of examples was composed of wave conditions and
beach surveys of Ju]y 29 and August 22, 1975. On July 29 the waves
were approaching from the southeast (Table 6). For tHree weeks of the
study period no wave conditions were observed, so hindcaéting was
employed and‘generated southwest waves with a 6 s period and 0.6 m
height. Thfs was done to get a feeling for the general direction of

wave approach and significant height and period for the wind conditions.
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However, for consistency hindcasting was not used in choosing a APL

curve for response comparisons. By August 22 the waves were observed
to be approaching from the southwest.
| curves indicated an erosional

response. This prediction adequately modeled the response of Weekapaug

For all three beaches the AP

and East Beaches but not that of Green Hill. The surveys of July 29 and
August 22 showed erosion on the foreshore and building on the backshore
(Fig. 10). In summary, the model successfﬁlly predicted the sole ero-
sional response of Weekabaug and East Beaches Eut was unable to designate
the combined reactionvmeasured at Green Hill.

A final set of examples was chosen specifically to examine the
model's capability for predicting opposing beach changes under a given
set of wave conditions. For this purpose the January 23 and February 10,
1975 surveys were selected when the wave conditions wefe southeasterly
and southwesterly, respectively (Table 6). The surveys for Weekapaug
and Green Hill showed erosion and building responses respectively (Fig.
11) but the model indicated both simple responses to be erosional.
Furfhermore at East Beach the model predicted the same erosional
response but the surveys indicated depositionvon the backshore and
~erosion on the foreshore. Thus, these examples demonstrated that under
the same wave conditions, the model was not able to predict correctly
this a non-uniform response. 'For this set of examples Weekapaug was

cut-back, East Beach both eroded and accreted, and Green Hill built-up.
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Figure 10. Profiles of Heekapaug, East, and Green Hill beaches for
July 29 to August 22, 1975. These show the elevation
changes that occurred and are used in the comparison with

the appropriate AP, curves in Table 6.

L
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"Figure 11. Profiles of Weekapaug, East, and Green Hill beaches for

January 23 to February 10, 1975. These show the elevation
changes that occurred and are used in the comparison with

‘the appropriate APL curves in Table 6.
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VI. DISCUSSION

Waves and Beach Response

For the_soufhwestern Rhode Island shoreline the wave direction was
found to haQe a general relationshib with beach erosional and deposi-
tional response. Waves from the southwest usually caused the beaches
to build out, whéreas.southéasterly waves were ordinarily responsible
for the Iéss of beach sand. However, field data indicated there were
times when southwest waves caused erosion, and southeast waves, deposi-
tion. For example, southwest waves with H > 1 mand T < 6 s created an
eroding environment in January for all three beaches, and soufheast
waves of H < 0.6 m and T > 8 s promoted building at Green Hill in October.

Assuming a smoothed and sfmplified bottom topography, refraction
sketches (Figs. 12-14) are drawn for wave approach angies from the
southwest (225°T) and southeast (135°T) at the three beach half re-
entrants; In‘these half re-entrants the inflection points (a, b, ¢, d,
and e) are located. Under a southwest wave attack Weekapaug is.eroding
(Fig. 12a). The erosion, however, is of small magnitude.as fhe beach is
in close proximity to pdint c. East Beach (Fig. 13a) is undergoing
deposition of large volumes of sand. This is occurring because the
beach lies near point d, the maximum deposition point. Green Hill
Beach (Fig. lka) is being eroded because it is close to point.c. For
the southeasterly attack Weekapaug and Green Hill are not found on the
depositional éide Qf.poiﬁt c, while East Beach is in the area of maximum
erosion. Significéntly, East Beach has a large response, while Weekapadg's
is small and Green Hill's is intermediate. Both the response and the

gross magnitude of the response are confirmed by the beach surveys.



Figure 12.

(a)

Lg.

Refraction sketch of southwest and southeast wave rays
at Weekapaug. Included in the diagram is the place-
ment of inflection points (a-e) used in the May and
Tanner (1973) model.

Refraction sketch of southwest wave rays shifted 159
at Weekapaué.

Refraction sketch of southwest wave rays shifted 150

at Weekapaug.
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Figure 13. (a)

(b)

51.

Refraetion sketch of southwest and.southeast wave rays
at East Beach. Included in thg diagram is the place-
ment of inf]gction points (a-e) used in the May and
Tanner (1973) model.

Refraction sketch of southwest wave rays shifted iﬁo

- at East Beach.

- Refraction sketch of southeast wave rays shifted iﬁo

at East Beach.



130% (o1




Figure 14,

(a)

(b)

- 53.

Refraction sketch of southwest and southeast wave rays
at Green Hill. Jfincluded in the diagram.is the place-
ment of inflection pbints (a-e) used in the May and
Tanner (1973) model.

Rcfraction:sketch of southwest wave rays shifted tﬁo
at- Green Hill, |

Refraction sketch of southeast wave rays shifted i50

» at Green Hill,
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Table 7. Beach Response as a Function of Wave Direction

Vave Beabhes
Direction Weekapaug - East B Green Hill

130°7 d" e’ | d
135°T d . e -
ol e d d
220°7 d d | d
225°T e d ¢
230°T e | d ©

- % d is deposition and e is erosion.

56.
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wave regime does not generate the proper APL curve (i.e., potential
deposition) which identifies with this specific elevation change.
Evidently one storm causes enough sand -movement so that the pfédictioh
is incorrect. Also a large number of wave.conditions must be considered
for a bétter prediction. Finally the breaker energies could not be
positively correlated with the response style, because the angle B upon
" which APL is based is nét considered. 'Therefoye, the model should on]y
be QSed in the manner suggested by May and Tanner (1973). However,
given an appropriate wave input based uppnba pfedicted weather pressure
system, the model will probably forecast a correct response in a

reasonable number of cases.
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VII1. SUMMARY

1. As Weekapaug, East and Green Hill Beaches lie in three shoreline
re-entrants, the May and Tanner (1973) model is generally successful
in predfcating simple erosional and/or depositional effects at these
beaches. Thus, the model's application can be extended from West
Florida's low energy coastline to a moderate energy shoreline typiffed

by the southern Rhode Island beaches.

2. Unfform and n§n-uniform responses as well as their approximate
magnitudes can be illustrated by simplified wave refraction diagrams

in the three distinct beach re-entrants. These diagrams show that the
half re-entrant inflection points (a,b,c;d, and e) shift in a non-
systematic manner in response to different wave approach angles thereby
causing the positions of beach erosion and deposition to change within

each re-entrant.

3. Although no field observations were attempted to record nearshore
circulation cells, the May and Tanner (1973) model'’s PL curves as well
as the computed wave height differentials alongshore suggest littoral
drift reversals. However the riumbers of littoral drift directional
changes occurring in the field are expected to be less than those

indicated by either the model's P, curves or wave height differentials

L
because of the subjectivity in selecting significant inflection points
on the PL curves or meaningful numerical differences in wave height along

the shore.

4. No positive correlation is found between storm and fair-weather

seasonal APL curves and their corresponding net seasonal changes in beach
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7. Intense southeast storm waves cause erosion at all beaches whereas
moderate southeast storm waves (H < 0.6 m; T > 8 s) may promote
"building at any of the beaches. Fair-weather southwest waves generally
cause accretion but when wave conditions of H >vl mand T < 6 s are

present the beaches may also erode.

8. An early September nearshore survey does not show offshore bars.
The absence of these bars may indicate stored offshore sand has been
moved onshore which is compatible with general building conditions of

the beaches observed at that time.
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was emp]oyed, sinée the paper record produced by the fathometer, was
inadéquate for interpretation. The recordedvsignals were digitized and
then programmed through the Ocean Engineer's Nova computer (Milligan,
pers. comm.). The printout'was expanded s0 that the output could be
conveniently analyzed. The strip recording given by the fafhometer

was used for monitoring purposes.

Wind Data

The Coast Guard at Point Judith and the New England Electric Company
from their Charlestown recording tower provided wind data for the study
.period. This was part of the effort to monitor the local wind patterns
and determine their influence on the wave patterns. In order to be
éb]e to comﬁare the two scté of data, a three point running average of
the Charlestown data had to be made. These data were then plotted on

rosette diagrams (Corps of Engineers, 1950) and compared.

Hindcasting'

In order to gef a compiete picture of the wave energy in.Rhode
Island Souﬁd, the height and directionvof the swells entering the Souﬁd
were determined. To do this, six-hour synoptic weather maps wefe
obtained from the Geography Department (Havens, pers. comm.) and the
Sverdrup-Munk-Bretschneider hindcasting method (1952) was used. This
method only gives significant height and period, un]ike the Pferson,
Neumann and James co-cumu]afive method (1955). However, the SMB
method was sufficient because the beach observer could only record the

significant height and period.
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Initially it was believed that plotting the May and Tanner (1973)
littoral component of wave power (PL)_for the coastline would be
ineffective in resolving the question as to why the individual beaches
tended to reSpond independently of one another under a given set éf
wave conditions. Instead, it was thought that the question could best
be explained by analyzing the amount and variation of wave energy
impinging upon the beaches. The approach appeared to be of value since

the breaker power was the basis for the longshore power,

P =0.5P, sin(2R)

Thus the breaker power was expected to give appropriate information for
establishing a relationship. In the analyses two wave regimes were
introduced to the May and Tanner (1973) computer program. -These were
chosen because the wave characteristics were the same on all three
beaches and provided two different approach directions. The output
included shoreline breaker position, breaker energies, and the position
of éneréy peaks in reference to protruberances along the shoreline.

The breéker energy were plotted against breaker positions for the
wave regime, 180°f, H=0.4m, T =14s (Fig. 15). In this case the energy
peaks were to the west of the prominent shoreline projections. By sum-
ming the area under the curves the total energy was determined and the
highest value was attained for East Beach (Table 8). However, the
lengths of the breaker coordinate axes were not equal for:the beaches,
so mean energy values were computed. For the given waQe condition the
highest mean valqe did not.correspond to East Beach, the positive

responding beach, but to Green Hill.



Figure 15.

80.

Plots>of breaker energy (g:cm/s3) computed by the May and
Tanner (1973) model against the position of the breaker on
the shoreline (0.1 km) for 180°T, T=h s, H¥O.h6 m. The
three plots are for Weekapaug (W), East Beach (E), and

Green Hill (G) with appropriate shorelines displayed.
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Table 8. Breaker Energy

Total Eﬁcrgy tg.cm/sB)‘ Mean Energy (g.cm/s3.qm)
(x10%) (x10°)
Angle = 180° T
Weekapaug 3.L46 . 6.40
East 9.24 6.10
chen Hill . 8.96 6.63
Angle = 200° T
Weekapaug 2.94 2.83
East 3.78 2.4
Green Hill 3.53 2.86
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Bartlett's test for the homogeneity of variance was then employed
to determine if the variance'in energy was responsible for the response
styles. For this case the underlying variabil{ty fn the energy was
~significantly greater for East Beach and Green Hill than for Weekapaug.
Therefore, more‘erosion or deposition would be expected at East and
Green Hill under the wave regime, 180°T, H = 0..4m, T = bs.

The other wave regime analyzed was 200°T, H = 0.3m, T = 5s (Fig.
16). In this example the energy peaks were té the east of the promin-
ent shoreline projection. Although the highest total energy was at
East Beach, the highest mean energy occurred at Green Hill (Table 8).
Bartlett's test showed none of the variances differed significantly.
Thus, deposition or erosion would not be expeéted to be significantly
different from beach to beach. The analysis was abandoned because no
correlation between total enérgy and response styles or variance of

energy and response styles could be found.



Figure 16,

84,

Plots of breaker energy (g'cm/53) computed by the May and
Tanner (1973) model against the position of the breaker on
the shoreline (0.1 km) for 200°T, T=5 s, H=0.37 m. The

three plots are for Weekapaug (W), East Beach (E), and

Green Hill (G).with appropriate shorelines displayed.
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APPENDIX C

FAIR-WEATHER AND STORM WAVE RESPONSE PREDICTION
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accretional conditions. A second trial was made, but this time the
period was changed from s to bs. Although some conformity was
~achieved, no significant correlation resulted.

For storm conditions, the computation was

0.60(200,4,0.1) + 0.13(180,6,0.1) + 4.0(160,4,1.5) + 0.11(140,9,0.1)

+0.11(120,9,0.1) - (5)

.where oq (4.0) was mqltiplied by 100, because the eﬁergy associated
with 1.5 m is about 100 times greater than that related to 0.1 m. The
PL and APL curves were computed and plotted as pefore. The comparison
between the storm APL curve and the summed winter surveys indicafed
there was no corfelation. : |

~ Thus the attempt to predict fair-weather and storm wave responses
in terms of seasonal beaéh accretional-erosional cycles was abandoned.
Since the fair-weather wave average should have closely approximated
the day-to-day wave regimes, better agreement was expected, but it was
not achieved dﬁe to the fact that those important energy spikes associated
with storms were diluted as a result of the low probability of storm
occurrences and not enough wave regimes were_considered; On the other
hand, as a consequence of this éveraging procéss, the mean storm wave

condition minimized the effect of storm pulses, while the storm surveys

maximized their effect, thus resulting in a poor correlation.
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WAVE ATTENUATION
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The May-Tanner computer model (1973), as with similar computer
models, must have as input data, starting coordinates for the wave
rays. All the wave rays in this investigation initially were evenly
spaced in the shore barallel direction. For this portion of the study
the-original spacing of 0.1 km proved to be too coarse as.the energy
peaks (Appendix B) appeared to be isolated and erratic. To determine
Aif the peaks were real, the spacing of the wave rays was reduced to 10
m and 50 m. With these spacings the peaks broved to be real énd a result
of refraction. -The control the bathymetry exerted on the wave-ray.paths
was well-illustrated in‘Figure 17. This figure fndicated the bathymetric
control of wave refractioh in the whole study area. In some of the
figﬁres wave rays showed diverging patterns as a result of shoal areas
such as Nebraska Shoals or off Quonochontaug Point (Fig. 175. Other
plots showed wave rays stopping before they reached the shore due to
abrupt bathymetric changes and shoai areas (Fig. 17). These areas
cauéed the rays to meet breaking criteria before encountering the
shorg, ‘The diverging patterns indiéated zones of energy conCentrafion
and hence potential areas of erosion for waves of similar characteristfcs.
The abrupt stopping wave rays designated areas wHere waves of similar
characteristics might be expected to undergo attenuation. This in turn
would define areas along the coast that would be more shejtered from
various wave regimes as a result of attenuation for waves approximating

the same conditions.



Figure 17.

9t.

Computer display of wave rays approaching from ZOOOT,
T=5 s, H=0.3 m impinging on all three beaches. The grid
system for the program is shown and the scale is 10 units.'

=1 km.
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To force PL'to 20 X lO5 g - cm/s3,_a set of height and periods

were used with a variety of B angles (Table 9).. Generally, as the
angle B became smaller, shorter.periods were requiréd to‘bfing the
larger heights dan to 20 X ]05 g - cm/s3 (Table 10). Howevér, as the
B angles closely approached 45°, the period at a given'hefght levelled
off and began to decrease. This was judged to be an effect of thé
hyperbolic trigonometric functions (Table 10).

The evaluation of the relétionship of height and period in the long-
shore power equation established height as the dominant factor. In the
first expression, [%(HzaT tanh(bD/Tz)], of the power.equation the height
which is squared controlled the term and in turn contributes most to the
computations. For this expression when 6n]y the height was increased,
the calculations increased an érder of magnitude (Table ]T). However,
when only the period was increased, the computations changed muéh less.
than an ofder of magnitude. To reiterate then,Athis term was the.most

influential in the total equétion and was greatly increased by larger

values of height.

b/ (aT tanh(bD/T%))T
sinh(2cD/aT?tanh (bD/T

The second expression, [ ][HZaT tanh(bD/Tz)],

)
was influenced most by the period. When only the period was increased,
the calculation decreased an order of magnitude for every second of
period increase. When the height was increased, the computation also
increased an order of magnitude because of the second part of the
expression (H2aT tanh(bD/Tz)). Finally, when combined with the first

expression, the second merely modified the total result (Table 11).
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Table 9. Angles, heights, and periods used in correlating angle B and PL

8(°) Height Period
' Ht (m) T (s)
1 0.5 2.
2% : 1.0 L,
5 | 1.5 e
10 2.0 | | 8.
20
30

B, Ht, and T were used in all possible combinations (96).
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ThUS, this term with the hyperbol ic functions did increase with the

period, but added very little to the total.

In summary, as the B angle decreased and the heights increased,
vsuccéssive]y shorter periods were required to force equation (6) to
20 X'IO5 g -‘cm/s3. This indicates that sin(2B) had an important

~influence on the value of P Coupled with the period it was able

L
to reduce the effect.of the height. However, as shown above height
was more important than period in determining the power. This ability

of the period to limit the influence of the height is related to the

hyperbolic geometric function as illustrated previously.
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NUMERICAL COMPARISON OF PROFILES AND THE

POTENTIAL EROSION-ACCRETION CURVES
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A rough set of calculations undertaken to determine if the Hay
and Tanner (1973) model could account approximately for the volume of
sand the setected beach surveys indicated was moved. Two surveys at
Weekapaug, January'IO and January 17, 1975, were selected for comparison.
The profiles for the two dates were plotted to obtain the amount of
sand lost or gained. For width a meter was chosen because wave power
was resolved in tefﬁs of a meter distance along a wave crest. The volume
was then divided into simple geometric solids for easy computation (Fig.

18).

The volume of a prism was given by:

<
I

Lbhd

l

1 (1.82)(0.15) (1.0) M

0.14 m3 ,

while the volume of a parallelpiped was:

V = bhd
= (10.91)(0.15)(1.0) (8)
= 1.65 m3

Therefore the total volume was 1.79 m3 or 1.78 X IO6 cc.  For January

10 the measure P, (May and Tanner, 1973) from the wave regime os 140°T,

L
H=0.lm, T=6s was -8 X 10° g cm/s3 (negative sign denotes deposi-

tion). This value was converted into sand transport rate, q, by:
q = kP /(p -p)oa (9)

where PL = littoral component of wave power, oy = density of the sand
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Figure 18. (a) The geometric representation of the volume transported
at Weekapaug between January 10 and 17.
(b) Prism part of decomposed volume.

(c) Parallelpiped part of decomposed volume.
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(2.6 g/cc), g = gravitational acceleration, a = pore space factor
(0.6), k = dimens ionless coefficient which has the "instantaneous"
value of 0.77 (Komar and Inman, 1970). Thus,

0.77 (-8 X 105 g - cm/53)

(2.6 g/cc - 1.0 g/cc) (980 cm/éz)(0.6)

-6.55 X 102 cc/s

5

Assuming the waves came from the southeast for 84 hours or 3.02 X 10”7 s,

the total amount of sand transported, Q, was calculated as

Q=gq " time

]

-6.55 X 10% cc/s (3.02 X 10° s) (10)

-1.98 X 108 cc

For January 17, 1975 the wave regime was 200°T, H = 0.lm, T = 4s, and
5 3

the associated PL = 4.6 X 10° g - cm/s”. Using the same equations

above, g was 4.91 X 102 cc/s. The waves were assumed to have come from

200°T for 72 hours or 2.59 X IO5 s. Q was then found to be

5.91 X 102 cc/s (2.59 X 10° s)

1.27 X ]08 cc

=}
l

The total amount of sand moved according to the May-Tanner model

was the sum of the above two results,

-1.98 X 108 cc + 1.27 X ]08 cc=-7.1X 107 cc (deposition).

According to the profiles the total volume of sand accreted was

1.78 X 106 cc, while the May-Tanner model predicted the deposition of
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7.1 X 107.cc of sand. Thus the values differed by an order of‘magnitudé.
However, this result, although significant, does not negate the useful-
ness of the exercise. Previously it was unknown as to what extent the
model was capable of predicting the sand volume changes. The fact that
the difference was less than 5, 10 or more orders of magnitude Qas

profitable, because the size of the error is not recognized.



APPENDIX G

BEACH SURVEYS, PL AND APL CURVES
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