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ABSTRACT

The cuspate shoreforms of the lower West Passage,
Narraganzett Bay, are similer in conflguratlion. They are
triangular 1n sgshape, enclose a central lagoon and extend
seaward from the malnland into West Passage. Two of these
cuspate shoreforms, Greene Foilnt end Casey Polnt, were se-
lected for fleld investligation to determine thelr morphoe-
loglc and sedimentologle response to the littoral environ-
ment.

Greene Polnt ls partially composed of flne sediments
ranging from sllt to psbble gizes, which are easily set in
motion by waves under normal meteorologlc conditions. The
beach morphology of this shoreform undergoes signiflicant
geagonal varlations. In additlon, this beach has apparent-
ly been retreating over lagocnal depositas which are now
partlially exposed on the foreshore. The cobble and boulder
s8ize materiel forming portions of the lowgr foreshore of |
Greene Point are not normally transported by wavesg and have
lagged behlind the retreating portlon of the beach.

In contrast, the Casey Polnt beach shows little sea-
sonal change. Shape sorting of the cobble and boulder slze
materlal forming the beach indicates, however, that the

surficial ssdiments are at least occaslonally reworked by
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waves.,

The sxtremely coarse metérial included in the cuspate
shoreforms alcng West Passage was glablally derived and ds-
posited at or near the locatlon of the present shoreforms
during the last glacial age. After post-glaclal trans-
gression and establishment of a marine environment along
West Passage this material wasg probably feworked by waves
into the prasent morpholeogy of the shoreforms. The cus-
pate configuration of the shoreforms 1s due to shoreline
orlientation perpendicular to maximum effective fetch in

West Pagsage.
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fewest factors. In order to maximlze this accountability,
the computer program uges a varlmax roiatlon which rotates
the factor axes until the sums o the squares of the factor
loadings are maximized. Thls 1s a positioning of the fac-
tor axes so that they are near the center of gravity of
clﬁsters of vectors representing variables.

The raw welghts in each size class of all surface
and subsurface samples from Greene Point comprised the

input to the Q-Mode factor analysis program.
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GREENE POINT BEACH PROFILE CHANGES
MARCH-JUNE, 1972
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Flgure 7. Greene pPoint teacn profile changes between
March and June, 1972 (datum low water)
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(Table A). When winde were from the southern quadrants
during & tracer study, the fluorescently-coated tracer
gands moved north along the foreshore. The reverse case
was true for winds from the northern gquadrants.

In general, the net distance of longshore movement
was small and tracer sands were never recovered more than
66 feet alongshore in elther directlion from the starting
polnt. Thls 1s probably due to the limlted time of expo-
sure the upper foreshore has to wave actlon during each
tidal cycle.

The distance of transport varled depending on the
average wind direction over each 24 hour study perlod. The
greateat longshore movement occurred durlng wlnds from the
northwest quadrant (northwest and north northwest) and from
the southwest quadrant (southwest and south southwest).

Net longshore transport was 25 feet or less during winds
from the west and northeast. |

Average wind speeds were low durlné the studles, vary-
ing between 8 and i4 mlles per hour, and no correlation
could be obsgerved between wind speed and longshore trans-
port. Longshore current measurements ahouid not be conzid-
ered indlcative of average littoral conditions, since they
- Were not taken throughout each study pericd and averaged as
the wind velocity hed been. However, the longshore current
veloclty recorded at the end of each tracer study per;od

was highest, as sediment transport had been, during wind
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In contraat, éores from the lagoon were composed of
fine and medium sand. 41l saﬁples of the cores (Appendix,
Table 1, p. 99), except sample C?—l; have a mean grain size
in the medium toc fine sand range, are moderately sorted,
and have either a pcsitive or nearly normal skewness.
Sample C7-1 from the top of core 1 1s coarse si1lt and more
poorly gorted than the other seamples. Layers of coarse
material such as found in the Greene Polnt lagoon are not
found in the Casey Point lagoon at least to a depth of 3

feet below the sediment surface.

Sediment Shape Analysis of Casey Point Shingle

Shape analysis indlcates the distribution of sphere,
blade, rod and dlsc shaped particles in a landward to sea-
ward sequence acrogs Casgey Poinf {Filg. 14). In general,
there 18 a seaward increase in the percentagse of spherical
perticles, with the percentages of blade and rod-shaped.
particles variable among the samples. Plots of particular
size in phl units agalnst percentage of shapes, show the
greatest percentage of disc-ghaped perticles occur in the
modal size ‘class.

Disc-shaped particles are the most frequently occur-
ring of the four snape cl@ssifications, composing up to
‘50% of the most landward samples. The second most frequent
shape 1s the blade, composing 35% of some samples and usu-

ally frequenting the lower size classes. Spherlcal shapes
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is approximately 1000 feet longer than Casey Point, 1t
does not extsnd as far seaward as Casey Point, and is less
cuspate in form than Cssey Point.

In detailed morphology, the two shoreforms differ
greatly in profile. Greene Point has a sandy upper fore-
shore which dips seaward at 6° to 8° and a very wide lower
foreshore (100 feet at low water) which dips gently seaward
at 2° , Cagey Polnt, however, slopes continuously seaward
at 8° to 12° from the crest of the beach ridge and has no
wide, flat lower foreshore.

Another major differencs betwsen Greene Point and
Casgy Point 18 in sediment size distribution. Casey
Polntt's surficial materlal 1s primarily cobbies'and boul-
ders with some interstitlial finer materlal. Greene Point
has a zone of surficlal cobbles and boulders along the
.lowerjforeshoré. but slso has an upper foreshore composéd
of medium to coarse sand. This gandy zone of Gresne Point
changes seasonally, eroding in the winter months and ac-
cunulating material in the spring and summer months.
Eroded beach sand 1is apparentiy gtored of fshores durlng the
winter months as lndicated by linear ridges of sand which
ware observed to migrate landward across the lower fore-
shore in the spring. Tracer studies elong the foreshore
of Greene Point indicate the sands are continuously re-
worked and trensported alongshore by waves. Q-Mode factor

analysis of sand samples further supporta reworking. The
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sends are gorted in the brealker zone sand the finer sizes
are distributed over the upper foreshocre by wave swash and
backwash. The poorly sorted nature of the sands indicates,
however, the energy avalillable for transport and reworking
12 low in the bay in compariscn to oceanic shorelines.

Casey Point does not undergo seasonal erosion or
deposition. 3Shape sorting of cobbles and boulders and the
accumulation of a small berm indlcate Casey Polnt 1s re-
worked slightly by waves, Movement of material up to 10
cn in dlameter during the winter months 1s apparent from
the fore mentioned berm, but the reworking processes-is
not contlinucus. Movement of material lsrger than 6 cm in
dlameter was not recorded during tracer studies. The berm
that accumulated durlng the winter of 1971-72 remained
unchanged for at least 6 months after it was first ob-
served in March,. 1972.

Sediments in the lsgoons behind Greene Polint and
Casey Point are also markedly different. Silzes range from
sillt through coarse sand %n the Greene Polnt lagoon with
1hc1uded rerticles ranging up to psbble size; Sediments
in the Casey Point lagoon range from medlum sand to coarse
81lt with no included large partlicles. Greene Poilnt la-
goonal sedliments may have originated as former foreshore
deposits 1s suggested by Q-Mode factors 1 & 2, which are
significant in both lagoon and foreshore samples. Over-

‘washing of sand from the present beach may have also con-
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tributed gome lagoonal wmaterial. However, evidence of the
retreat of fthe Greeﬁc Polnt bsach over lagoonal sediments
is lndicated by the exposure of dark gray sand on the fore-
shore and in the breachway. These samples contalilned de-
composing organic matter gimllar to derk layers cof sand
found in the lagoon.

There is no evlidence that Casey Polnt hag retreated
landward over lagoonal deposits. Lack of coarse material
in the lagoon indlcates that overwashing has not taken
blace. There 13 no exposure of lagoonal sediments on the
Casey Point foreshore. It 1s not known, however, whether
the present Casey Polnt beach is resting on former lagoonal
sediments since the cosrse surficial materisl could not be

penetrated.



ORIGIN OF CUSPATE SHOREPORNMS

Ag polnted out earller {p. 3) Johnson (1925, p. 360)
firat recognized the significance of limited wave attack
in the development of cuspate shoreforms. Johnson suggested
that wave attack limlted to two opposing directlons results
in littoral drifting of sediment in opposing directions to-
ward inequalities in the shore, shoals or protected aresas
in the lee of islands, or points projecting from an oppos-
ing shore. Numerous examples are glven of wave built cua-
pate shoreforms in elongete narrow ;ater bodles. Amnong
these are St. Andrews Channel, West Arm of Sydney Harbor
and St. Anns Harbor, all adjacent to 8t. Anns Bay near
Bras 4'0Or lakes, Cape Breton, Canada. These water bodies
resemble West Passage, Narragansett Bay., All are found in
weak rock lowlands and numerous cuspate shoreforms have
developed along the shorelines of each.

Zenkevich (1967) dlscussed several pousible origins
of cuspate shoreforms. Some cuspate features may origlnate
as a double feature formed by two spits asccumulating from
opposing directlons. Cuspate shoreforms originating in
this manner form in narrow bays where littoral materlal may
be derived from the directlions of both the baymouth and

bayhead.
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Cuspate shoreforms aiSO develop 1in long narrow,
sandy lagoons and tend to be evenly spaced gyclic shore-~
forms (Zenkovich, 1967). Waves mcove along the axls of the
narrow water body in both dlrections, depending on fetch
length (distence from the opposite end), and their energy
becomes constant or dsecreases gt gome point due to re-~ -
fractlon. At this point the littoral drift system becémes
saturated with material and sediment tends to accumulate.
After the load of littoral material is decreased by depo-
gitlon, the cycle will repeat. The cuspate configuration .
of the accumulation form depends on the strength of littoral
flow from each opposing direction. More symmetrical forms
tend to accumulate near the cénter‘of the lagoon where op=
poéing currents are equal.

Cuspate features also develop by erosion of more com-
pPlex shoreforms and 1lslands according to Zenkovich. An
Anteresting example of this 1s cited from Nichols (1948)
in which a cuspate faature developed from the destruction
of Snake Island, & drumlin island in Boston Harbor. The
development of a winged flyling bar from material eroded
from the druﬁlln gave rise to a cuspate configuration.

The apex or front of the form is protected from direct
wave attack by & boulder pavement, the remnants of the
eroded drumlin. Nichols (1948) noted several peat deposlts

on the seaward side of the flylng bars. He concluded thé
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tars must have mlgrated over these,depositsvwhich formed
in the sheitered area behind the bars. This cuspate fea~-
ture 1s similar ln some respects to Greene Point whlch
also has retreated cver sheltered lagoonal depeslts and
18 bordered on its seaward side by glaciel blocks and
boulders. Greene Polnt, however, iz tled to the mainland
and the Boston Harbor feature is not. Since Nicholst s3tudy
in 1948, the Beston Harbor feature has appareﬁtly migrated
far enough sway from the protection of the islend remnants
tc be vigorously attacked by waves and tlidal currents.
Snake Island now exlsts as 2 curving almost eircular gplt
acccrding to the latest siiticn of U. S, Coast and Geo-
detlc Survey Chart 236,

King (1972, p. 521) states that cuspate shoreforms
originate under two general conditionz: (1) in the shelter
of offshore islands and (2) in areas of restricted wave
approach due to intricate shoreline configuration.

Moila Point 1n the Solomeon Islands 1s cited by King
(1972), as a cuspate feature which formed in the lee of an
offshore island. The apex of the cuspate form points di-
rectly towerd the island. FEach slde of the feature 1s
formed by a system of parallel ridges. These ridges wers
4apparently formed by depogition of material from littoral
drift in opposing directions. The two systams of rildges

met forming the apex of the cuspate form.






47

angle between the shoreline and the wave crest or wave rays
of approachling waves 1s always taken into account {(Johnson
and Eagleson, 1966). The more acute the angle between the
wave ray and the shoreline (the larger the angle hetween
the wavecreszst ard the shoreline), the greater the COmpPO=-
nent of alongshore wave energy. If waves approach a beach
from one direction only, and assuming the approach direc-
tion is at an angle to the shoreline, even after refraction
in the shoallng 1littcral zone, the beach would eventually
reorient to a trend more perpendicular to the wave rays
(parallel to wave crests). In this configuration, littoral
transport 18 at a minimum and the beach 1s stable. This ise
an ldeal cass, however, since waves generally approach a
shoreline from many directlions.

Lewls (1938) stresses the importance of dominant waves,
which he considers to be storm waves, in determining the
orlentaetion of beaches composed of coarse material. Accord-
ing to Lewls, shorelines tend to orlent normal to the direc-~
tion of maxinum wave fetch from which dominant waves ap-
proach.

Schou (1945) considers the effects of direction of
paxXimum wave fetch and wind resultant. If maximum fetch
and glnd resultant directlion coincide, or the fetch 1is
equal in all directlons, the shoreline will tend to be-

come oriented normel to the wind resultant. If maximum
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Posgible relatlonshlps between the orlentation of
Greene Polnt, Caszey Polunt, the other two cuapate shore-
forms (Plum Beach Point and South Ferry), and the config-
uration of West Pagssagz were tested by calculating meximum
fetch. Maximum fetch was determined relative to the north
and south sildes of all four cuspate shoreforms.

Weve fetch is restricted by the cenflguration of
West Passage and therefore 1t 13 necessary to calculate
the effective fetch which accounts for the limiting effect
of surrounding shorelines. Célculatlon congists of measure
ing the lengths of fifteen radials extended from a wave
station (Greene Polnt and Casey Point in this case) until
they intersect the shoreline (U.S. Army Corps of Englneers
1966, p. 24). The radials are constructed at 6 degree in-
tervals out to 45 degrees on elther side of the direction
for which effective fetch 1s to be calculated. Fach ra-
dlal‘measdrement is multiplied by the cosine of the angle
between the central fetch direction and that radlial. The
resulting values are summed and divided by the sum of the
cosines of a2ll angles. This operatlon can be expressed by:

b3 X1 Cos ©

where Xl is the length of each radial
§Cos © :

apd @ 18 the angle between each radlal and the wind direc-
tion. This multiple radial method is based on the follow-
ing assumptions: (a2) wind moving over the water surface

tranafars energy to the water in the wind directlon and
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Figure 15. Orientation of maximum fetch relative to
the cuspate shoreforms in West Passage
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gouthern side of Gresne Polnt maximum fetoh is 1.57 nau-
tlcal miles trending 550°E (Fig. 15). The relation of
these fetch directions to the Gresne Polnt shorelline 1d
difficult to assess since thils shoreline 18 much more cur-
vilinear in outline than Casey Polnt. However, takling the
perpendicular at various points along the Greene Point
shoreline, as'established from the plane table and allidade
survey, and measuring the angle between the normal and the
feteh direction, a range of values can be obtailned. The
rorthern fetch direction varies between 17 and 35  from
the normal to the shorelinse at various polnts along the
northeaat fac;ng beach of Greene Polnt. The southeast
fetch direction varles between 12 and 206° from the normal.

Maxlmum.effactive fetch directions calculated rela-
tive to Plum Bqaéh‘Point and South Ferry are approximately
normal to the general trend of thelr shorelinew (Fig. 15).
The configuration of Plum Beach Point and South Ferry was
taken from U.S. Coést and Geodetic Survey Chart No. 236.
Therefore a range of angles between wave fetch and shore-
line could not be esztabllished as with Greene Polnt and
Cagsey Point for which 2 detalled plane table survey was
rade.

In general, the corientation of all four cuapate ghore-
forms along the west bank of West Passage are clearly re-
lated to the mexlmum available wave fetch. These shore-

forms are apparently orlented in approximate equlllbrium
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quéncy from a given direction and F is the fetch length.
Calculation consisfs of determining a vector for eight or
nore compass directions ﬁhose length 18 proportional to E
in the above formuls. These vactors are added graphically
and the resultant 18 the strailght line jolning the first
and last vectors (Schou, 1945). o

Wind data for resultant calculatlon was obtalned
from the Quonset Polnt Neval Alr Station for the period
between August, 1970 and June, 1972. The data were re-
corded hourly and consist of both speed and direction.
Monthly éummaries of the data are given ln table 5 in the
Appendix (p.13% ).

. The effsct of the configuration of Weut Passage on
wind velocity 1s that the highest wind speeds and fre-
quencies occur subparallel to the long axls of West Pas-
sage.

In calculating the wind resultant for West Passage,
average wind veloclty in eight compass directions wass used
along with the fetch in those directions. Because effec-
tive fetch was used, the resultant was calculated at two
positlons along West Fassage, Greene Point and South Ferry.
This was done to include the effect of fetch variatlion at
differeat locations.

The wave energy formula used in this case was modi-
fled somewhat from Bruunis orlginal formula because of the

low average wind speed iln Weut Passage. If the Beaufort
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scale was used, all the wind speeds would fall into the
force 3 category or 1owei. In previous wlnd resultant
calculations (Guilcher, 1958) all winds below Beaufort
force 4 have been eliminated as ineffactive. In West
Pagsage, however, the frequeancy of winds greater than
Beaufort force 4 (18 M.P.H.) 18 very low and all winds
of lower force musgt be lncluded in the analysis, There-
fore the actual wind speed was used in the resultant cal-
culation to insure that differences in wind speed were
adequately represented.

The wind resultants are shown in Figure 16 at Greene
Point and South Ferry along with the vectors calculated for
each wind directlion. The Greens Point resultant trends
N 27 E and the South Ferry resultant N 25 E. Both re-
sultants are close to the maximum fetch calculated for the
northeast facling shorelines of the two shorefornms.

The wind resultant suggests a southerly longshore
drift direction for zedlments transported under energy
conditions, indicated by average wind velocity. Thils 1is
supported by the constant plllhg up of sand on the north
side of the small rock groins bullt along the beach be-
tween Greene Point and Plum Beach Point.

_ Maximum average wind speed for any month betwsen
August 1970 and June 1972 was no greater than 16 M.P.H.
Using this flgure ag the maximum average conditlion and

appiying it to wave hindcasting curve (U.S. Army Corps
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of Englneers, 1956, p. 59}, the hindcasted wave over the
maximum avallable fetch (5 nautical miles) would have a
significant height of 1 fooi, & perlcd of 5 seconds and a
length of 80 feet. Sediment tracer studiszs on Greene
Point indlcate that sediments up to coarse pebble alze
(76 mm) sre readlily transported when wind speed averages
nc more than 14 ¥M.P.H. (Table A). It is therefore con-
cluded that waves normally generated within West Passage
are comnpetent in transporting sand 1ln the littoral zone
along with some coarser material ranging up to pebble sl:ze,
This concluslon was compared with published empirlcal
and theoretical methods of predicting inltiatlon of sedi-
ment motion. Sternberg (1972) conducted fleld tests on
initiation of sediment mctlon and found that the curves
relating mean veloclty, shear velocity and Shields en-
trainment function to grain size agree closeiy with fleld
data. These curves can be used to predlct, in general,
what gralins sizes wlll be initlated into motion by in-
atantaneous water velocities under shoaling waves. .This
assumes that lnstentaneous orbital velocitles are analogous
to tﬁe same velocltles in unidirectional flow. Komar
and Mlller (1973), however, point put that accelerating
orbital motion wlll exert a greater stress than a constant
flow of the mame velocity at a given instant. The analysis
presented here will therefore result in a minimum dlameter

of partiéles efoded under a glven set of wave conditions.
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Taking the hindcasted significant 1 foot wave, gen-
erated over maxlmum available fetch in West Passage, shal-
low water transformetlons can be approximeted using the
transformation relationshlips presented by Eagleson and
Dean (1966). The transformed wave in five feet of water
would be 2 feet in height, have a wavelength of 20 feet
and a celerity of 15 feet per secohd. Uslng these parame-
ters in the equatlion for maximum horizontal perticle

velocity in a golltary wave (Dean and Eagleson, 19646):

U CN
max - 1 4 Cos (Mz+h)
’ h

» Wwhere C = wave celerity,

N and M are functions of wave height aﬁd water depth and
z =.distance above the bottom, a particle veloclty of 3
feet per second l1ls obtained. A very smell z 1sktaken to
obtain velocity near the sediment surface., Accordlng to
published competency curves (Inman, 1963), this velocity
is sufficient to initliate motion in sediments up to slzes
of 10 mm in diameter (pebblesj.

Prevalent waves ih West Passage, which are generated
according to the wave resultant in a fetch dlrection frdm
the northeaast, will generally have a significant wéve
height cf up to 1 foot under normal conditions. While such
waves are adequate tc transport materlial up to pebblé glze
in the litforal zone and on the foreshcre, tracer studieé

indicate transport of cobble and -boulder slize material is
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very limited. Certainly there is no longshore transport
of cobbles and boulders by wavez of 1 foot or less. There-
fore, the effect of relatlvely-low energy waves generated
in the study area on the orientation of the West Pegsage
cuspate shoreforms, which have significent fractlons of
very coarzse materlisl, is considered minimal.

This coarser material is, houever, at times locally
reworked by waves as ilndicated by the cobble berm bulilt
on Casey Polnt and the landward shifting of a few cobbles
on the foreshore of Casey Point and Greene Point; Trans-
port of thils material may take place under higher than
average energy conditions when wind speeds and, tidal ele-
vatlons are higher than normsl. This 1as supported by the
fact that the berm built on Cesey Point during the 1971~

'1972 winter was located above the usual high wdaer mark.

Origin of_West Passagc Cuspate Shoreforms

Apparently there is no littoral budget‘;f thg cob=
bles and boulders forming ths lower foreshore of Greene
Point and all of the Casey Point beach. Shape sorting of
the Cagey Point shingle, however, iz sgtrong evidence that
the beach has been totally reworked by waves. Schafer
(1961) suggests the West Passage shoreforms have developed
from pre-existing shoreline and bathyﬁetric irregularities.
These lrregularitisa probably existed asAsalients of ground

noralne materlal projected towards the center of the West
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Passage Channel. After sea-level roée to its present po-
gition, the ccarse glaclal depnsits could then be reworked
and reorlented by dominant waves generated over the largest
fetch areas in West Pagsage., The finer materilsal, cbnsisting
of sand, sllt, and gravel, now present in the veach deposits
of Greene.Point and Plum Beach Point has probebly infilled
arcund pre~existing coarser deposits. Thege shoreforns
are adjacent to ice contact deposits (Figure 2), which are
characteristically stratified, include a wide range of grain
sizes and are deformed. These properties indicate the role
of stagnating glaclal 1ce and meltwater in the depcsitional
process (Flint, 1971, p. 184). Collapse of these desposits
after final melting of the ice probably exposed silgnificant
amounts of fine materlal to erosion and resulted in a sup-
ply of slilt,send and gravel to the adjacent shorelins.
Casey Polnt, however, 1s bordered on 1ts landward side by
ground moraine and 1s isolated from lmmediate sources of
finer material avallable 1n ice-contact deposits. The
source materials for Casey Polnt, therefore, are the cob=
bles gnd boulders predominant in glaclal till of the ad-~-

Jacent ground moraine deposits.
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Wg#es generated under normal wind conditions in Wesgst
Pagsage are generally small, having 2 significant wave
helght of 1 foot or less., Instantaneous water parﬁicle
velocities under these waves as they move into shallow
water, however, are capable of initlating motlion in sedi-
ments up to 10 cm. in diameter. ILarger particles may be
set 1n motion in the turbulent breaker zone.

Prevalent waves, &s indicated by the wind resultant,
probably apprcach from the northeast. Thls 18 supported
by & dominant southerly littoral dritt.

It 13 concluded that the cuspate shoreforms of West
Pagsage origlnated as localized cﬁarse glaclial deposlts
which were later reorlented by waves gensrated over maxi-
mun avallable fetch. Waves capable of reworking large
boulders and cobbles.are likely to be dominant storm gen-
erated waves.

The sedimentoclogy of the cuspate shoreformé is di-~-
rectly related to local source esreas. The coarser sedl-
ments of Greene Polnt have been infilled by finer materisl
avallable 1h ice-contact deposits 1mmed1ately7adjacent to
the landwerd and north side (updrift) of this shoreform.
Casey Point, further to the south however, is lsoclated
from any large source of fine materlal in the immedlate
area and 12 composed of coarse size lag deposits from

ground moraine material.
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Table 2

Q-MODE VARIMAX FACTOR MATRIX
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Table 2

Q-MCODE VARIMAX FACTOR MATRIX -
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Table 3

Casey Point Foreshore Samples-Intermedlate Diameters
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Table b

Sample T2-A
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Table 4

Sample T2-C
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b/a
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Diemeter (c)

Diameter (D)
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Table 4

Sanple T3-B

c/b

b/a
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Diameter (c)

Intermediate
Diameter (b)

Long
Diameter (a)
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Tadble &4
Sample T3=C

iong Intermedisate Shorv . ‘

Diametsr (a) Diameter (Db) Diameter (c) b/a c/b
19.0 {em) 14.7 (cm) 3.0 (em) 77 «20
15.0 11.0 5.0 «73 45
20.0 13.5 11.0 .68 .81
14.8 12,0 7.6 .81 - «63
17.0 14,5 7.6 .85 . 54
15.0 12.2 6.5 .81 53
20.5 12,5 12.0 Bb1 . .96
17.5 : 12.5 8.4 .71 .67
17.7 9.7 8.0 «55 .82
34,5 24,7 12.5 .72 «51
13.8 12.2 7.6 .88 .62
21.0 13.3 8.3 .63 .62
14.8 . 9.0 5.2 61 « 58
14.5 10.2 6.5 070 06“'
14,6 9.5 6.0 65 .63
21.5 1,60 9.0 74 . 56
1405 10.5 L"os 073 043
1805 12.0 11.0 065 ' .92
21.5 14,7 8.7 «69 47
13.7 12,0 7.5 .88 .63
13.3 11.6 6.3 .87 047
16.5 12.5 8.2 .76 66
13.5 12.3 4.4 W91 .38
13.3 11.0 8.9 .83 .81
35.0 21.0 8.0 60 43
25,0 18.0 12.0 72 .67
19.0 17.0 12.5 89 74
16.0 1"}00 805 087 : -61
17.0 16.0 9.4 <4 .59
15.0 13.5 5.7 «90 U2
13.8 11.5 6.5 .83 «57
28.6 13.0 6.0 A5 46
1605 9.2 702 . 067
10.3 8.4 5.0 .82 .60
10.3 7.8 7.3 76 el
13.3 11.8 5.6 .89 T W42
.11o8 1100 505 '93 ‘50
10.8 9.0 5.5 .83 .61
10.5 12.0 8.9 97 «75
14.0 13.5 4,2 .98 o3
15.8 9.5 k.0 «60 42
21.0 10.3 8.0 « 50 .76
19.5 9.6 6.3 U9 .66
15.3 10.8 4,6

.68 42
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Table 5

Wind Veloclity Data
August 1970 through July 1972

August 1970

Direction (degrees) Occurrence (%) Average Speed
(M.P.H.)
1-45 .7 10.9
L6-90 L.8 6.8
91-135 3.5 h.7
136-180 . 14.8 9.1
181-225 18.0 8.6
271-315 15.7 5.9

September 1970

Direction (degrees) Occurrence (%) Av?rage Speed
) . PI. P.Ha)
1-’4’5 ‘ ’ 803 7.”’

46-90 o L, 8.0
136-180 1.5 3.8
181-225 20.7 8.9
226270 _ 16.1 73
316-360 14.3 7.1

October 1970

Directlion {degrees) Occurrence (%) Av?rage Sfeed
M.P.H.
46"'90 8.5 9.1
91-135 k.0 7.8
226-270 11.6 5.5
271-315 11.6 6.1
316-360 , 14,7 8.3
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226-270
271-315
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181-225
226-270
271-315
316-360

135

Table 5
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Table 5

February 1971

Direction (degrees)

1-45
46-90
91-135

136-180
181-225
226-270
271-315
316-360

Direction (degrees)

1-45
46-90
91-135

136-180
181-225
226=-270
271-315
316-360

Occurrence (%)

ﬂ
L )

*
DDOVOVONI~I N ONO

NP
WP VLW ONLO R
*® L ] [ ] L ]

April 1971

Occurrence (%)

11.2

L .

N =

O~ o FOF 0
L]

OV N HFOWVO

Direction (degrees) Occurrence (%) Average Speed
. (M.PIH.)
1-45 10.0 9.8
u6-90 501 902
91—135 507 706
136-180 8.1 9.7
226-270 19.2 9.3
271-315 22.9 8.7
316-360 9.7 7.5
March 1971

Average Speed

(M.P.H.)

Average Speed

(M.P.H.)
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Table 5
May 1971
Directlon (degrees) Occurrence (%) Average Speed
(M.P.H.)
1-1'"5 15.“’ 10.6
b6-90 , 5.8 7.0
91-135 2.1 7.0
136-180 11.5 9.1
181-225 20.3 9.4
226-270 18.6 9.8
2?1-315 603 8.9
June 1971 -
Direction (degrees) Occurrence (2%) ‘ Av?rage Speed
M.P.H.)
1-45 6.3 7.2
L6-90 13.9 8.1
91-135 2.1 k.5
136-180 11.0 8.5
181-225 17.2 9.1
271-315 7.1 5.7
316-360 7.6 6.1
July 1971
Directlion (degrees) | Occurrence (%) Av?rage S§eed
M.P.HO
1-45 3.6 8.7
46—90 2.5 7.1"’
91-135 103 5.0
181-225 i8.8 9.0
2256-270 20.7 9.1
316~360 6.9 7.0
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Table 35

August 1971

Direction (degrees) Average Speed

Qccurrence (%)

(M.P.H.)
1"')4'5 601 8.7
L6-90 5.2 7.3
91~-135 1.6 5.0
136-180 7.0 8.9
181-225 14,5 9.0
226-270 24,9 9.1
271-315 15.0 6.2
316-360 9.5 © 7.0

Directlon (degrees)

September 1971

Occurrence (%)

Average Speed

(M.P.H.)
46-90 7.2 6.3
91-135 - 5.7 5.7
136-180 13.9 6.4
181-225 15.1 8.1
226-270 21.7 6.9
316~360 9.7 £e5

October 1971
Direction (degrees) Occurrence (%) Average Speed

(M.P.H.)
1-45 11.9 9.1
91-135 1.6 600
136-180 12.5 8.1
181-225 13.6 7.0
226270 18.7 5.7
271-315 g.6 5.7
316"360 ’4’.6 5-0
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Table 5

February 1972

Direction (degrees) Occurrence (%) Average Speed
' ' (M.P.H.)
46-90 10.8 13.5
91-135 2.2 1505
136-180 3.3 9.7
226-270 16."” 90“’
171-315 19.7 10.5
316-360 18.5 10.3
March 1972
Directlon (degrees) Occurrence (%) Av?rage Speed
M.P.H.)
1-45 13.6 10.8
l“6"90 10.9 8.’4‘
91-135 2.1 10.7
136-180 9.1 10.3
181-225 15.1 12.7
226~270 9.8 9.6
271-315 14.7 11.0
316-360 20.2 9.7
April 1972
Direction (degrees) Occurrence (%) Av?rage Sfeed
M.P.H.
1-45 13.3 809
L6-90 5.3 5.8
91-135 3.8 L, L
136-~180 10.3 7.3
181-225 9.6 8.3
226-270 11.7 6.5
316-360 18.0 8.0
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