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Nantucket H::rbor and the prop-sed cut at Clhr.tham Bend

By

W. H. Bradley and Joshua I. Trucey, Jre
U. S. Geclogical Survey

Introduction

This study of Nantucket Horbor was undertaken in response to a request
General Hnle made of L. W. Cwrier, U. S. Geological Survey, as part of the
cooperative agreement between the Cormonwealth of Mussachusetts and the U.S.
Geological Survey. Tine purpose of the study was twofold: (1) to determine,
1t possible, whether a channel cut through the Coatue Be:ch at the Chatham
nand (between Wer's and Buss Points) would have beneficial or adverse
ev’cets on nevigation in the harbor and through the Nuntucket ship channel,
an!! (2) to determine, if possible, what effect such a cut in the Coatue
Besah mould have on flushing out the eastermmost nmart of the harbor (Head of
ihe Frbor) und thereby perhavns improving the shellfish productivity. The
I »lon wes attacked first by determining the existing characteristics of
t.:2 .inrbor and then by constructing a model in which these characteristics
coll be aporoximated., In the model a cut-through at the Cn.:tham Bend was
mile sCc as to observe what effect that channel would have on the hydrogranhy
¢’ th: harbor.

Trz location, physical features, geology, and history of N 'ntucket
H rb:r have been effectively treated in two earlier revorts = "Reort on
Nrrntucket Horbor and its Improvement™ by Villiam F. Jones, consulting shore-
line engineer of N:.ntueket, M rch 15, 1938; and "Siiore Potection Bourd
Rez.ort on Nuntucket H:rbor, Mass,", by 4. C. Tieber, Jr., M jor, Corps of
Ensiueers, U. S. ', June 7, 1939 - and will not be reneated here. Poth
these revorts considered only the possibility of a channel being cut through
the Huoul.over Bcach to the oven ocean at the extreme eastern end of Nintucket
H r»bor. Poth renorts conclude that an onening at that plsce would mrobably
not H: cconomically sound. Ve found no evidence in this study that leads us
to ques:irca in any wey their conclusions.

2.

Conclusions and Recormendations

Current velocities measured between Pocormo and Bucs Points, observation
of the 1evorent of stick buoys, and the chemical and thermal properties of
tiie weber (11 indicate that tidal currents ensure a continuous, though com=
paratively cmall, replacement of water in the He~d of the Harbor (cast of
Foco.i0 znd Bot.s Points) by water from Nantucket Sound that enters the harbor
through the Noantucket shiv channel. This continuous freshening of the water
in the Heal of the Hrrbor was confirmed by observation of the tidal circula-
tioa in the model of the harbor constructed for this investigation.



Tidal currents determine the major circulation pattern of the harbor
as a whole. Direct observation and model study show that tidel circulation
in the He:od of the Harbor is not at all uniform and that in the vicinity of
Cocukata and Wauwinit the circulation is distinctly feeble. Wind generated
surface currents probebly provide some circulation in those areas and eer-
tainiy accelerate, retard, or deflect tidal currents in all vnarts of the
harbor, denending unon their direction.

Vertical temnerature profiles of the rater in the He«ll of the Hurbor
indicate that the circuletion is not good, or continuous, in the deever holes.
Tae observations made, however, are not adequate to evaluate either the ex-
tent or duration of water stagnation in the deener parts.

Observation of the harbor model shows that much bétter tidal circula-
tion in the Heud of the H rbor could be established by cutting = channel
about 300 feet wide and 6 feet deep (-t low tide) :cross Co=tue Bzich between
B.uss and Wyer's Points at vhat is known locally as the C:ctihom Bend. The
phases of the tide 2 in the He'd of the H rbor,
and in Nant..cket Sound in the vicinity of Coskata are sufficiently different
to ensure a large exchange of water between Nentucket So.nd and the Head of
the Hirbor. It should be emphasized, however, that the vigorous circulation
thus established in the Hcid of the Hurbor is, to an anvnreciable degree,
obtained at the exvense of the tidal circulation in the rest of the harbor.
The velocity of both flood and ebb tide currents in the Ncatucket ship
channel are appreciably diminished. Thc tidcl currents that flow back and
forth over the generally shOoal area between Pocomo Point and Coutue Beach in
the vicinity of Buss and Five Finger Points (sec Fige. 1) ure markedly slowed.
It seems probable from the action of the model that if a cut were made
through Coetue at the Chatham Beund the velocity of the tidal currents in the
Nentucket shi» channel would be reduced enough to cause considerable accumu-
lation of sand ii the channel. Systewmatic dredging of the ship channel would
probebly thereafter be required but at what intervcls we are unable to say.
Almost certainly the area betreen Pocomo Point and Coatue Be: ¢ch would become
an reciably shoaler. T¢ r1xw.intain a channel having a minimum depth of 6 feet
through this area would surely require dredging.

Ia the model, eddies developed within the Hu.:d of the H.rbor on each
side of the cut through Coatue Beach during the influx of flood tides. Ticse
eddies were eliminated by building short jetties out into the harbor on each
side of the cut. Prcoumably comparable jetties would have to’ be built on
the harbor side if thie cut at Chatham Bend is made.

About 650 new soundings showed that the area northwest of Pocoro Point

has shoaled since 1938 and that the spits at the ends of Five Fi.~cr Point
nd, particularly, Bass Point have lengthened apnreciably. Pline tuble

nmeasurements made along parts of the shore in the bays between Five Finger a
end B oo Points and between B ¢ .né Wyer'. Pointe show that in the cres=
centic bay facing the harbor between Five Finger end Bass Points the shore
has been cut back northwestward atout 80 feet since 1938. It is now only
about 210 feet across Coatue Beach between the high tide line in this bay
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and the high tide line on the Nantuclet Sound side. The northern side of the
bay betweer. Bass and Tyer's Toints has been cut back & similar amount since

1928,

This investigation hcs turned up only two observations on the ecology of
harbor scallops that may be significant. One is that the scallops that grow
in the Head of the Harbor near Coskata and Veuwinit vwhere the tidal circulationis
very feeble and have exceptionally large shells but smaller than usual "eyes"
(i.e. the cdductor muscle, which is the commercislly valuable nart). The other
observation was that the best scallops come from the ":iard" bcttom in the vicin-
ity of ™rer's Point where the tidal circulation anpears to be only a little more
vigorous than in the vicinity of Coskata and Wauwinit,

Ore other observztion was inade that may be of significance in the ecology
of scallows and other shell fish; nemely that eel gress 1is reesteblishing
itself at different rotes in different narts of the Nantucket srea, llear
Il-ddaket, at the southvestern end of the I=land, eel grass is so abundant that
it is becoming a muisance. In the western end of Nentucket Harbor eel grass is
becoming feirly »lentiful but in the Head of the Hurbor it exists now only in
small natches that, according to casual obhservations of local residents, do not

ap-ear to be exvanding,

Discucsions with biologists at Toods Hole Oceanographic I..stitution lead
us to the conclusion that so 1ittle is known about the ecology of the harbor
scallop in general, and about the harbor seccilon in the .ydrogra-shienlly comnlex
Nantucket H:rbor in nwerticuler, thrt it is quite imnossible to predict whether a
channel through Coatue Beach connecting the Hecd of tke Hirbor and Nintucket
Sound would impro7Te the yield and quality of scallops or whether it would have
no effect upon them, Conceivably it could have an adverse effect on the scallop
yield from the Head of the Harbor. For examvle, it may be that the drainege from
the land and swamns from the Polpis Harbor 2rea may bring into the harbor benew=’
ficial additions of dissolved phosphzte =nd nitrogen - important nutrients for
all aquetic organisms., At present, drzinage from the Polpis srea almost certainly
g2ts into the Head of the H-roor. QObservotions of the hoarbor model suggest t hat
if the Cuaastham R:nd cut is rniade it is likely thet nmuch less of this land and swamp
drainage could get into the Head of the Harbor, It would stay in the lower part
of the harbor or be swept out into Nuntucket Sound, Also, the reported fuct that
the best scallops now come from the Hecd of tae Harbor (near Uver's Point), where
the circulation is not at all vizorous seere to cast some doubt on the desirsbil-
ity of a frequent large exchange of hrrbor auc Intucket Stuund water,

The information and ideas developed during the course of this investigation
lead us to recormend:

1) /n engineering studv of the harbor model nand the harbor itself to deter-
mine how much the tidal currents in the Ni:ntucket ship chennel would be reduced
by the changes in the hydrography of the upmer herbor brought about by an opening
at the Cnatham Bend. Tis would be necessary to ossess the economic consequences
in terms of required dredging in the ship channel;



2) A uystematic biological study of the ecology of the harbor scallop in
Nantucket Harbor as a whole to cetermine the probable economic effects of the
proposed Chatham Bendecut on yield and quality of the scallops. This study,
should, and probably would normelly, include many more determinations of the
chemical and thermal characteristics of the harbor water, particularly in the
Head of the Hrrbor. Such additional dasta sre necessary to make sure whether or
not the deep parts of that basin conteain enough stagnant water during any part
of the year, to have an adverse effect on shell fish. Such a study also should
inciude an assessment of the relationshiv of the kind of bottom (clay, cobble,
loose sond, etc.) to the best production of scallops, Biologists at the Twods
Hole Ocecnogranhic Institution, for example, showed quite convincingly that
ihsre is an extrcordinarily close dependence on the narticle size and grain
size distribution of the bottom deposits ané the setting of seed cloms, If
scallop snat requires anything like as fine grained sediment es seed clams do
then a vigorous circulation is something to be shunned like a plague. Perhaps
on the other hand their requirements are utterly different. But they certainly
should be known hefore mcking so drastic a change in the hydrography of the
harboes as the Chotham Beud cut would prodvce; end

3) That, if the Chatham Bend cut is made, the channel to be dredged through
the area betveen Pocomo Point and Ccatue Peach be sinuous and dllow the vresent
course of the deepest chnannel up along the west side of Pocomo Point, deep into
the bay between Five Finger and Buss Puints, thence southeastviard along, and
close to, the B.ss Point snit toward the site of the temnorary tide gauge shown
on Fige 1. Thut sinuous channel would be easier to maintain and would require
much less frequent dredging thamn a straight channel through the area, It would
make use of, rather than fight, the nctural processes going on there,

Eydrography of Nintucket Herbor

In 1934 the Corps of Enzineers took & great many soundings when they made
a systematic survey of the bathymetry of Nantucket Harbor. Subsequently ¥illiam
F. Jones of Nantucket made additional socundings and compiled a useful and
informative bathymetric chart of the hartor. Apperently thet chart was never
submitted to either the State or Fuderal govermments. Through the kindness of
Mr. Bacsett Jones, brother of the late ™illism F. Jones, we have traced that
bathymetric chart and transnmit it with this renort. (Tigure 1). It h~s been
modified, however, in the erees oround Five Finger, ~ccomo, R.ss, and Wyer's
Points to accord with about 650 new soundings taksn by the . S. Geologicel
Survey in Judly cnd August, 1948. Soundings were teolten in that area because
it apnears to be the niost eritical, both for navigation through the herbor and
for the exchaznge of water between the u-mer (esstern) end or Head of the Harbor
and the middle of the hrrbor, The smcllest crors-section (wetted nerimeter)
inside the harbor is betveen Pocorio Puint cnd R-ss Toiat,.

The nevw soundings showed that the spnits at the end of Five Fiuager and Bass
Points hive lengthened esince 1638, narticularly the one on RBoss Point, Tuc shoals
off both these roints have not alteied significantly, but the shozl off Pocomo
Point has broadened considerably. Tie nerrow but rsther deep chennel along the
soutavest side of the Buss Point s»nit is apnarently either » nev fecture or one
thct has been esccentuated since Mr. Jones m-de his rian,
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Coast line chonges, 7Plane table surveys were made slong —arts of the shore
in the btuys betveen Five Finger and Bass Points and between Bass and Tirer's
Points. Tiese show thzt in the crescentic bay frcing the harbor betreem Five
Finger and Bass Points the shore hes heen cut back northwestwerd albout 80 feet
since 1938, It is now only about 210 feet across Coatue Beach between the high
tide line in this bay and the high tide line on the Nantuckt Sound side. This
narrow neck of the Coatue Beach is made up of low beach ridges thet parallel
the outer shore, Most of the ridges rise 3 or 4 feet sbove high tide line, but
two have crests of windblown sand and rise 6 and 7 feet respectively above the
high tide linc. The neck is covered by a sparse growth of beach grass, poison
ivy, lichens, ~nd a very few plants of vetch. It is clear that the neck is not
cormonly, if ever, washed over by storm waves. '"inds have made many small blow
outs clong the old beach ridges, however, and ncrticularly near the Sound shore.
The northern side of the Buy between Bass and Tyer's Points has been cut back

a sinilar amount since 1938,

Recently Mr. Bassett Jones suggested to us that the slow nrogressive
subsidence of the /tlantic Coast revortzd by !i.rmer (Gecographical Review,
p. 652, October 1248) mey account for the propgrossive erosion of the harbor
side of Coatue that he has cbserved over the past 50 or more years. M rmer
revorts an sverege annucl subsidenee of O, a2 foot since 1930 along the Atlantic
Coast. ™e interpret this, from other considerations, to be a eustatic rise of
sea level rather than coastal subsidence, By either interrpretation, however, the
sea should theoretically heve gained erosive power with respect to the shore.
Whether the increase of ercsive power gained by such a chrnge in sea level is
quantitatively adegqucte to account for the observed erosion of Coatue we do not
know. Nevertheless, the trend is certainly worthy of further anslysis and careful
consideration in any long renge »l~ns for the utilization of Nantucket H.rbor,
Such a trend is likely to be significant in terms of changes in the configuration
- or even the continued existence of Coatue Beach,

Tidal observstions. 1In order to construct a model and in order to
correct the soundings and evealuate a series of dGetailed current measurements
made between Pocomo and B ss Points, 2 tem—orary tide gauge was established
on the south shore of the Head of the H.rbor. (Sce Fig. 1.) Thc gauge was
made of 3-inch galvanized down-snout conteining a metzl float to which was
soldered & vertical bruss rod. The top of the rod vas read against a scale
fixed on the same upright as the wipe. The lower end of the gauge pipe was
closed excent for a hole about 1/8 inch in diameter to damp out the effect
of the waves. Tiie gauge wac attached to the temnorary cier owned by John

liendonca.

Only 8 complete tide ranges were observed, which is far too few to deter-
mine a reliable mean but must suffiee for the present purposes., The readings
given are from the¢ arbitrarily set scale whose zero has not been related
exactly to mean low tide. From these few observations the zero of the scale
appears to be between 0.3 and 0.4 feet above mean low tide.
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Date Time High Low Range

Aug. 6 14:20 3.99
20.40 0.12 3.87
7 9:45 0.06 4.17
15:05 4.23
21:25 0,25 3.98
8 10:10 C.Q6
15:5Q 4.58 4.62
9 11:05 0.16
16:50 4.20 4.04
11 12:40 0.33
18:40 4.25 3.92
13 8:20 3.51 2.56
14:20 0.95
20:30 4,48 3.53
21 14:35 3.11
20:50 0.56 2.55

Mueximim range 4.52 feet
Mininum range 2.55 feet
Average range 3.68 feet

According to the Atlantic Ocean tide tables, Couct and Geocletie S.rvey,
the mean range of tide at Nantucket is 3.0 feet and the spring range 3.6,
Local residents report that at rere intervals (rmeasured in years or tens of
ycars) there are extreme low tides in the Hucd of the Hurbor when the water
level is about 2 feet below the lowest recorded above., No excentionally
high tides were noticed or reported. ' infer from the variability of the
tides observed in the Head of the Harbor that there may be in the harbor as
a whole a comnlex regimen of tidal surges, perhaps modified by seiches.

On Avrest 13 the tide gauge vas read at 15 minute intervals from 8:30
A.M. to 10:00 P.l1, and at 10 minute intervals during the turns. These
observations are plotted in Fig, 4. On that day the second high observed is
a foot higher than the first high.

Current observations and measurements. Obcervation of stick buoys and
measurements of currents with a Price water meter were used to determine the
characteristics of the tidal currents in the uvnver part of the harbor.

Tue stick buoys were hastily imwrovised and consisted of l-inch round
spruce poles 4 feet long weighted with a short length of pipe so they
floated upright with 6 inches to a foot above water, That the wind affected
those that stood high out of water is shown by the difference in the two
long tracks chown in Figure 2. Tie one making the smaller loop in the Head
of the Harbor projected about one foot above water and was clearly held back
by the light easterly wind in its march up the harbor and aided by the wind
on its travel back with the ebb tide. Vines on the underwater weights would
have been helpful.



Drift of the gick buoys shows a strong flood tide current along the
southwest flank of Pocomo Hci:d, over the shoals and well into the Heud of
the Harbor. Tuic current turned back toward Bass Point well before the tide
began to ebb, Sliow reverse eddy currents apvear in the bays of the Coatue
Beach as might be inferred. They are much too weak, however, to serve by
themselves as significant erosive agents for the medium to coarse grained
sand that makes up Coatue. The flood tide current evidently splits in the
northeastern part of the cove between Bass and Five Finger Points and the
stronger current runs up into the Head of the Harbor. Observations of the
ebb tide currents are inadequate to define the patterns. It is inferred
that clockwise eddy currents run in the coves along Cozatue and that a
relatively weak northerly current flows along the southwest flank of Pocomo

Point,

At times the stick buoys moved against a light wind at an average rate
of nearly 1 foot per second.

Tarough the kindness of Mr. H. B. Kinnison of the Geological Survey's
Boston office, Mr. C. E. Knox oame to Nantucket and made a detailed series
of current measurements with a Price cwrrent meter. We selected a line
between the Pocomo Point s»it and the Bass Point s»it as it merks about the
smallest cross-section through which the tidal cwurrents run in and out of
the Heed of the Harbocr. (See Figs. 1 and 3). At the stations indicated Mr.
Knox measured current velocities at 0.2 and 0.8 denth and also took a series
of readings from tod to bottom so as to get velocities at 6 inch intervals.
(sec Figure 5.) The next day we occunied a nosition at, or close to, sta-
tion 165 from 9 a.m. to 9 p.m. where 1" . Knox measured velocities at 0.2 and
and 0.8 of the depth at 10 minute intervals and made detailed vertical ovro-
files of the current velocities at half hour intervals,

Mr. Knox's computations of tidal current velocities and flow in and out
of the Head of the Harbor are summarized graphicelly in Fisures 4 and 5 and
in the following tables. His discussion of the results were given me in a
personal letter from which the following statements are quoted.

"The vertical velocity curves . . . indicate definite trends. The
curves for 10:30 a.m. through 2 p.m. are on the ebb tide with the wind blow-
ing against the current. Note that the general shape of each curve below
0.4 depth is about the seme. Above 0.4 denth the curves are quite different.
The 1C0:30, 11:00, and 11:30 curves show maximum velocity at 0.25 depth with
velocities decreasing towards the surface. Velocities above 0.4 depth
increase progressively by time until the top velocities are maximum.

"The 2:20 vertical velocity curve was taken at the change in tide.
Flow at this time was parallel to the section. It is interesting to note
that the shape is about the same as a combination of the 2 ard 3 p.m. curves.

"The 3:00 p.m. to 8:0.. p.m. curves are for the flood tide. Tio 3:%0
is one that we plotted in the boat. I can't explain why the velocities
should change so ra»idly. Tae 6 p.m. curve is not similar to any other.
The 0.1 velocities for the 7:30 and 8:0Q0 p.m. curves seem high., With the
excention of the above, in general the vertical velocity curves indicate
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that at the start of the flood tide the surface velocities are the highest
and velocities decrease fairly constantly to the bottom. As the time pro-
gresses the bottom velocities increase until they are about equal to the
velocities at the surface and the curve is practically a vertical straight
line.

"The gravh (Fig. 3) showing the horizontal distribution of the velocw
ities shows that we were around the point of maximum velocity across the
section., For this reason cur observed velocities should be higher than the
computed mean velocity for the section. Eowever, due to the angularity of
the velocity, the actual velccity at any point is higher than the mean
velocity multinlied by the horizontal distribution factor.

"We measured velocities over two feet a second on Awust 12, 1948,
These are actual velocities while velocities compuied from the computed mean
veloeity would be lowsr due to the fact that the velocity computed would be
the comporent normal to the section.

*The changing velocities from top to bottom and from side to side
insure that <the water is being mixed constantly. This fact alone could
account for che fact that the salinity is vwractically the same throughout
the harbor. In *this connection, 198 million cubic feet of water moved past
our measuring section frcm the head of the harbor during the ebb tide and
274 miliion cubic feet of water moved into the head of the harbor during
the flocd tide. With the low mean velocities nresent it is unlikely that
any of the water that was in the head of the harbor reached the sound during
the ebb tide. I :.ever, all water from the head of the harbor mixed with
water from lower in the harbor and it is likely that little of the water
that came from the head of the harbor on the ebb tide returned on the flood
tide."

"inds and Erosion

Paves and currents produced by strong winds are probably much more
effective in changing the configuration of the coast line than are the
tidal currents. Ouviously, however, where the two coincide the effects
are enhanced, Nevertneless, to judge from thes configuration of the harbor
bottom, tidal currents are effective in sweeving channels out and main-
taining them.

Prouably also the tidal currents were resmonsible for determining the
crescentic mattern of the harbor side of the ancestral Coatue Beach as
William F. Jones Jointed out in his rewort. Initially the south side of
Coatue Beach was a smooth curve nearly concentric with the present
Nantucket Sound shore of Coatue Beach. Also the south side of Coatue was
at thet time much closer to Pocomo Point and consequently much of the main
tidal stream may have imninged on the Coatue Beach after being deflected
northward by Pocomo Point.

Major Lieber, in the Shore Protection Board Report on Nantucket
Harbor, Mass., June 7, 1939, nrepared a diagram showing how dominant, year
after year, are the nrevailing southwest winds. But it is the sustained
high winds of the big storms that are the most significant as erosive agents,
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Thc¢ distribution of these large storms by compass direction and intensity

are plotted in Figure 6. The dominance of northeast storms is striking.
Sustained strong winds from the southwest are next most numerous, though
fewer of them rise to the high velocities of the northeast storms.

Nuntucket Harbor is oriented with its long axis northeast-southwest so it
catches the full effect of the most nunerous large storms. WVaves driven
before a northeast gale have crests that are essentially normal to the harbor
axis. According to the general nrinciple of the refraction of waves they tend
to curve in and parallel the shore as they break. If the angle of refragtion
is large this results in the waves striking a curving beach with a "wiping"
action, (See Figure 7)., Tiic is very effective in translating sand azlong a
beach for each wave throws sand into suspension and then the swash of the
wave moves the susnended, and rolled, material up the beach at an angle to
the slope of the beach and in the general direction of the forward-moving
wave crests, The returning swash carries the material still farther in the
same direction, Long shore currents driven by the wind aid the translation
of the material. Waere supvlemented by tidal currents they are, of course,
that much mere effective. Sand thus eroded from the crescentic beaches moves
outward along the spits and comes to rest near the outer ends adding to their
length. 1I% unpears that this general process is gradually deepening the
arcuate bays along the southeast side of Coatue Bczch. All strong winds
excent those blowing generally southeastward would contribute to this pattern
of erosion., It should be emnhasized, however, that for most of the time
these crescentic beaches are essentially in & state of equilibrium =2s storms
of onnosing directions alternately move sand along the curving beach in

opposite directions,

Sand spits in Nuatucket H rbor, particularly those off Five Finger,
Pucomo, and B:ss Points, are continually shifting a few feet, or nerhaps tens
of feet, up harbor or down harbor vith each rersictent strong wind that blows
aporoximately along the axis of the harbor.

Chemical and Biological Cunsicéerations

One part of the vroblem was to determine if possible vhether there is
a significant exchange of water in the large basin known locally as the Head
of the Harbor and the water in the middle and lower parts of the harbor. It
is fairly evident that the water in the lower und middle harbor is contin-
ually, or periodically, refreshed b;” exchange vith water from Nantucket Sound.

ITf the water in the Hcod of the Hirbor is stagnant, or even nartially
stagnant, as has freguently been claimed,: and if it stagnates long enough to
be harmful to scallops, the chemical and thermal characteristics of the water
there should differ ap reciably from the water entering the hartor from
Nentucket Sound., For example, water trapned there during the surmer when
evaporation rates are high should become more saline. Water samnles were
accordingly taken from near the surface of the center of the Head of the
Harbor and from a corresnonding shallow denth off Brant Point on a flood
tide, The salinities of these tro semples were kindly determined for me Wy
the staff at the Woods Hele COceanogranhic Irctitution and found to be
virtually identical.
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Brant Point Head of the Harbor
Salinity 3l.22 31.29

These two determinations of salinity are too few to be definitive.
Salinity determinations of both the surface and deep water at 10 or more
stations in the head of the harbor would be needed to determine possible
increases in salinity due to evaporation. 1Iv may ©well be, for example,
that in the fairly sheltered bay near Coskata surface water becomes nore
saline and therefore more dense and sinks down into the dee» holes in the
bottom of the Head of the Harbor. (Sec discussion of vertical water temnera-
ture vrofiles on the following pagzes).

Tater that stagnates enough to be harmful to scallops would vrobably
have a dissolved oxygen content of the order of 50% of the saturation value
(oral cormunication Dr. John Ayers, Voodlc Hsic Oceanographic Inistitution).
Accordingly, taree water samples were taken from the deen basin near the
center of the He:.d of the Harbor. T o of these were taken from 2 feet above
the bottom and the other, at the same station, from about 12 feet above the
bottom. At this station the water at that stage of the tide was 25 feet
deenp. As soon as taken reagents were added to fix the dissolved oxygen.

hey were taken to Woods Hole where Dr. V.- T, Edmondson of Harvard anc the
Woode Hols Oceanographic Institution titrated the samples with the following
results:

Sample Oxygen Content Assumed Acsumed
milligrams/liter Temp. S.linity
A - 2 ft., above bottom 13.1 20° ¢
B - 2 feet above bottom 11.1 (68° F:) 30,1
C - 12 ft. above bottom 14.2

At the same temperature and salinity the saturation value is 7,9 milli-
grams/liter. Obviously they are much over saturated. Dr. Edmondson examined
some of the vater taken -t the same station and found that it contained a
very large content of living microsconic orgsnisms; mostly diatoms. Tiese
would account for the abnormally high oxygen content of the water.

Vertical temperature profiles of the water off Coatue Point, Second
Point, and in the center of the Hoi'é of the Hiorbor were measured with a
bathythermogravoh, which was loaned by tae 'Joods Hole Oceanographic Inctitue
tion. The temnerature profiles were measured to determine if the water were
thermally uniform and therefore frequently and thoroughly mixed by tidal
and wind-driven currents. Bodies of colder, and therefore denser, water
accumulate in the deeper parts of some basins where circulation is feeble.
The following temperature profiles indicate that the water off Coatue and
Second Points is thermally almost homogeneous and therefore continuously
and effectively circulated and oxygenated. On the contrary the water in at
least a part of the center of the Head of the Harbor is thermally stratified.
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Temperature profiles of weter in Nantucket Horbor

Readings taken from bathythermograph records made August 21, 1948.
Off Coatue Point

Depth in feet below surface Terperature (F°)
2=8 73,20
£=10 75.1°
10-21 73.00°
0ff Second Point
1.8 72.8 (Liiear; surface
to bottom)
17.0 729

Head of the Horbor in elongate hole 224 feet deep between
Wyer's Point and ¥iuwinit (¢ sennles)

A 2-10 75.2
10-14 75.1
16 75.0
18 74,7
19 74,5
20 74.3
22 7440
23 74,0
B 2-14 75.2
16 75.1
18 74.8
20 74,5
22 74,3
23 74,2
c 2-5 75,1
8 75.1
10-14 7542
16 75.1
18 74.8
20 74.5
21 74.1
22 74.1
23 74.0

A 1 ver of mater about 6 feet thick at the bettom of the elongste devnression
224 feet deen hetween Vrer's Point and Weuwinit is significently cocler than the
water ~bove, wiich is thermclly homogoreoms., Such bottom layers of cooler, denser
water may become quite stable and wersist for weeks, rmonths, or even years, as in
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certain Norwegian fjords. If they :ersist they grcdually become depleted of oxy-
gen by respiration of bottom=dvielling organisms and by decay of organic matter on
and in, the bottom sediments. When such layers or bodies of water become wholly
depleted of dissolved oxygen they become toxic to all organisms except anaerobic
bacteria. Thc vottoms below such water bodies become veritable deserts upon which
no shell fish or water vlants can live,

Uafortunately these temperature measurements were ricde late in the investi-
gation. Comsequently the nresence and extent of this cooler water body were not
verified by determinations of the salinity. It is nocosible that the salinity is
greater than that of the surface water., If so the stagnant body of water would
be even more dense than its coolness zlone would determine. Clearly also the
more dense the water the ‘ore nersi~tent the stagnation. It is certein, however,
that if the observed stratification is due solely to temmerature difference it
will not nersist through a winter because the bottom water at cbout 740F would
be distinctly less dense than the overlying body of water, which surely cools
well below 740 during the vinter. Only a considerably hisher salinity, therefore,
could continue to hold wster of temnverature 74° at the bottom throughout a winter.

The determiuation of excessive smounts of dissolved oxygen in two water
sariples taken from 2 feet above tihe bottom of tais scme depression in the Head of
the Harbor suggests that the cooler layer of wcter is only a transient feature.
Indeed, this cooler water sy simply be part of the tongue of cooler (ca 73° F)
Nantucket Sound water which the tide projects past Second and Third Points and into
the Head of the H.rbor ~ water which, by reason of its coolness and greater
density, svreads out under the relctively werm (759F) and therefore less cdense
surface water irn the Head of the Harbor. Wcterz of that general temperature show
a perceptible teadency not to mix if their temperatures differ by even a few
degrees, Acditionzl determinations of temperature, oxygen content, and salinity
of this deeper water sliould be mede at intervals of a week or two through the su
summer months in order to determine how persistent a feature the stratification
is. If it is a transient feature it muy be disregarded as far as the scellop
yield is concerned.

Ecl ~russ, which mey have o bearing on the scellon snd other fisheries of the
Harbor is coming beck again after virtually comnlete disanmearance for .iore than a
decadé 1In the lower part of the Harbor, near thetown of Nantucliet and around the
jetties it is becoming fairly abundant, (In *i vicinity of M ddaket et the
southwestern end of N:ntucket I-l-ndé eel frass is now so zburdant thet it is
becoming somethins; of & nuiscznce.) In the middle nart of the Harbor it is plenti-
ful enough so that moderate storms wash un windrows of it on Pocomo Point. In the
Head of the H ~bor small petchss of eel grass arve established themselves but lo-
cal residents say that the patches seem not be be spreading as is the habit of the
prlant where it is healthy and -rosmerous,

Model of Nantucket Harbor
Tho observations recorded above and the evident commlexity of the tidel cir-
culation in the Hu»bor led to the decision to construet o small 'iodel. Through

the kindness of Mr. Cs O'D. Is'elin, Director of the Woods Hole Oceanographic In-
stitutian this was underteken at the Institution under the guidance of ', T,
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Von Arx. Joshua I. Tracey, geologist of the U. S. Geological Survey made the
mnodel and ren the experiments in collsboration =ith Mr. Von Arx. The data
shorn on Fig. 1 of this renort nrovided the basis for the model, Thich wa
routed out of vlyrocod. The rood surfnce Tas coated ~nd smoothed vith ﬂutty
and pnrinted. The tidal surges rere nede by a relstively lrrge, pertly sub-
merged block thrt rose and fcll through the action of ~n cccentric operated
by & smell synchronous rnotor.
The horizontrl scele is 1 inch equals 1,000 feet (1:12,000) 2nd the

vertical scale 1 inch egucls 48 feet., (1:576). The tidel motion (i.e. rise

rnd fn1l of roter surface) of 1/16 inch in the nodel corresnonds to - 3 foot
tide.

heoraticelly on » distorted model, velocities should be in the ratio of

the squere root of the vertical scele ~nd time should be »ronortionesl to the
linenr horizontil serle divided by the root of the wvertical sczle.. On this
nodel the thecrctical time serle is 1/500, the velocitv scrle is 1/24. fctuclly
the telechr.n motor rovolving once = ninute renresents a tidel cyele of 12
hours. This gives a time serle of 1/720 ~hich results in r velocity scale of
rbout 1/17. Five seconds in the nodel renresents 1 hour in the herbor; one
second corresnonds to 12 minutes. Therefore & current uoving 1 inch in 1
second corresnonds to ¢ current in the hrrbor neving 1000 fect in 12 minutes;
six inches in five seconds renrescnts & current of one knot.

It shoulé bc noted thet both time =»nd velocity scnles used differ consid-
errbly from the theoreticecl. The sseles used, hovever, grve current nrtterns
throughout the tidal cycle that corresvonded rather closely to those in the
herbor vherever v¢ - ere sable to observe tihem. Moreover, vclocities nmeasured
in the model ﬁp,rozim*tud velocities measurcd in one »~rt of the urrbor.
Taerefore, if ~ cut is mrde ot the Carthem Bund —e expect that the orttera
of currents in the EHrrbor to be ~»proximrtely the sane s~s tunt already ob-
served in the nodel.

Prtterns of currents in the nodel (Fias. 8 ~nd 9) correspond rrthcr
closely tc observ-tions on the herbor itself ~lthough exnct noths of flocts
are not renmroducible. This is so for %o ressons; first, in the herbor a
series of identical sticlt buoys rclersed at the sane tine vould trace out
a grrdually v idering prth whereas onc *ic“ bucy vill trace a single nath
sorievhere -itlin this pottern; ~nd sec~nd, in the model exret dunmliertion of
velocities, or magnitudes of forces sre not resroduciblz. Murtherrore, ve
were not oble to reproduce rind eonditicns sctisfretorily, ~nd they hrd ~n
importont effect H»n the buoys.

The current nattern ~f the horbor nodel folloved alnost exactly that
exnected from nosition =~nd curv-ture ~f brrs secn in the sirnhotos teken in
1938, This is esnceirlly true in the carnnel ~nd brrs betreen Pocono rnd
B-ss P-ints. Tic rrin current follo s the ch rnel un to Pucoro Point on the
flood tide, ~nd nesr high tide = tongue of this current gocs into the Herd of
the Harbore Currents alag the shores rre in the stme direction as the main current
as it develons; rs it renches ot :vxirun ot nid-tide, ccuntoercurrents cdevelop
alng cores~e beoches amd noints,. Beceouse of the ¢ddy develoned in the Herd of the
HErba the high ueter storts receding over Bss Point bur while the rrin tongue
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of water is still pouring into the bay. (sec Figs. € ~nd 8). On thc outgoing
tide the m~in current a2gain scts un shore counter-currents s it increrscs.

he eddy developed off the to7n of Nmntucket is interesting -s it is rlrays in
the sone clockrise direction, On flood tide it is = counter-current centered
in the d ep pnrt of the poole On thc ebb tide thc nain curremt splits over
Hussey shorl, »n¢ the couthern strecn forms the eddy, nov centcred over the
shonl.

The model suggests the folloing nattern of vrter circulrtion for the
Hezd of the Hnrbor: : '

1st flocd tide: A tongue of Nantucket Sound wrter runs through the
horbor chrnnel, floods the middle Harbor, nnd extends ncross Boss Point bar
into the Hend of the Horbor.

1st ebb tide: This tongue comrletcly vithdravs from the Hecad of the
Horbor, but ~n ~»n-rceirble amount of it rcrnains in the niddle Harbor. Felrtively
0ld (scveral te ncny (?) tidal eyeles) roter frorm Hend of the Hrrbor follovs out
through thc chrnnel to Herbgr niouth.

2nd flood tide: Tongue fron decm moQl in the niddle Horbor crosses
B ss Point bar into the Hurd of the Herbor., 014 unter nov r~t Harbor mouth
returns neorly tc niddlce of Harbor (i.e. betrecen Third and Five Finger Points,)

2nd ebb tide: Port of the tongue of Nontucket Sound voter remains in
Herd of the H'rbor; rn apprecinble rmount of the old water nor in the niddle
Hrhor posses out through the Harbor or shir channel,

These conclusions result from ~ commosite of tro cxnerinents - one nutting
dye in 2t the Harbor entranece - the Nontucket Sound water - nnd observing it
through scvernl cyclcs, the cther nutting dye in the Head o>f thc Harbop, "oldn"
uater, ~nd tracing its course through scveral cycles. A definite, though snrll,
exchenge of water in the Ho: d of the Hrbor vith thet entering the shiv channel
is in dicated. Vcivcities neasur-d to scnle in the —ocdel renresent, but do not
faithfully dunliceote, the follo ing velocities in the nrototyme:

1) Channel betveen ™ocorio ~nd B ss Points. .
Flood tide, ~vernge 1.37 ft./scc. for 5 tides.
Ebb tide, nverrge 0.81 ft./sce. for 4 tides.

These vclocitics corresnond roughly to the averrge velocitics necsured
in the prototype vith o Price currcnt nucter,

S:io chennel: flood tide, 1.58 ft. sce. for §f tides,
, ebb tide, 1.4 ft./sec, for 7 tides.

No velocitics vere mecsurced in the shin chenncl but ve estincte thet
the velocities observed in the nodel nre ssnreciecbly lo~er theon the actual tidal
currcnts in the ship chnnnel.

OLscrvations of the iwodel through seversl tidrl cycles aftcr a cut

equivalent to 300 fcet vide ~nd 6 fcet dcep hnd been nnde through Coatuc Beach
(See Figs. 10 ~n@ 11) ot the C:nthom Bend (betvween Bros and Vyer 's Points) led
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to the following generalizations:

1) The velocities of currents in the Nontucket shin channel at the
Harbor cntronces are eanprecinbly dcerensed on both flood and e¢bb tides.

2) Currents having velocitics narently greater than those thet now
prevail in the ship channel floved through the Chathrm Bend ovwening on both
flood znd ebb tides,

3) i large shireem of Nrqntucket Sound vater flo s reross the Head of the

Herbor nnd impinges on the shore ¢t Pocomo scttlement, the site of the
tenporerys tide gauge.

<) Vigorous circulrction ~os estrblisied in the gre:ter -art of the Hend
of the Hnrbor, :

5) On flood tides eddics Cevelov in the Hend of the H-rbor on either side‘
of the cut. Exnerimental jetties on each (Horbor) side of the cut clininnted
these eddies.

6) Exchrnge of -ater betreen the Merd of the “Iorbor ond the niddlc Harbor
vas narkedly diminished,

It is “orthy of note thot the model study rcveals that before the cut uns
nade in Coatue Bench the tidel circulction of : otur vrs slov or rnbsent in the
northeastorn part of the Herd. of the Heorbor nzrr Coskrtz, and in the southeastern
part of the Hend of tlic Hrrbor nenr Weuwinit. It is nerhnns significont thet
in those arcas the sccllops hrve lrrger shells thon in the rost of the rhole
herbor but the "eyes" (~dductor rmscles) uzre smrller thon the average horbor
scnllon., This is the observsotion of Iir. Clinton .ndreps, a fishermen of
Nentucket, whesc novers of cbscrvotion and keen intellactunl interest e heave
good rerson to rcswect. “hen the cut tlirough Contuc Zerch vwas nrde the voater
in the Coskata sren circulr-ted only fécbly but nesr “~urinit it vas inerersed
but not vigorous. Mr. ‘ndrcrs' brother George, vio hns dredged for scrllomns
in Mantuclet Harbor for the nast 15 yerrs roonrts thet the best scnrllons come
frorn the Herd of the Herbor in the goncrsl viecinity of "yer's Point vherc the
bottonn is "hrrd" (i.ec. cleyey £nd fim). Sursrisingly cnough, the tidal
circulertion in that n~rea is avpeorentiy not rwuch nore vigorous than it is ncar
Coskrtr,.

The nprerent high vcloecitics tarcuzh the - rtificial eut cugsosts th-t scour
vould sosn cnlrrge the chrnnsl very ~oorceirbly. fccording to thc thorough stud-
ies of’ Coatue Bemeh mnde by the late ™illi'n: 7. Joncs a bed of tough clry under-
lies that »~rt of Contue Beach nt o depth cf c¢bout 6 or 8 fczt belo nean low
vwater. That tough clay ~ith its n~ssocirted loyers of iron oxide cencnted saond
~nd cobbles should rrovide ~n ef ective curb ngrinst deen scour,

Before the cut vnos mrde it veos imvossible to determine from the riodel the
time rclotionships of th: high and lor tidzs in the Hend of the H-rbor vith
resnect to tlose at the hrrbor entronce ~t Nantucket., With the crtificinl cut
open, hoever, the chonge of tide ves 5 secomB (corr-snwonding to 1 hour in the
nrototyne) errlicr ot the cut th-n at the h-rbor entrance 2t high tide and 2 to
3 seconds (corresponding apnroximntely to % hour in the prototype) ecrlier ot

lom tide,
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When a Hutty dam vas made from Pocomo Point to Brss Point the change
of tide, at flood, was 6 seconds loter ot the Chatham Bend eut cnd 4
seconds later at the ebb tide. This suggests thot o smnll chonnel (e.g.
300 feet wide ~nd 6 fect decp) probebly would be subjeect to cven greater
scour in the unlikely event that the nrea betveen Pocomo, Five Finger, ond
Bnss Points should silt up so ¢s to prevent cxchnnge of an anpreciable
volume of vater betreen the He~d of the Hrrbor and the niddle prrt of the
horbor,

-]16e



N

/

/

emi

finpe

/
Stick buoy «
= ine
e— shed
shed
o
- Hizh tide

Frent Ak =

JO0servations
”Ood R )

s = ebb tide

it tempo gaute X
Aug ;:"918



Lower Harbor {to hine N 63°E from
landward end of West Jetty to
Coctue Point)

High tide area (22.61 x '8 ft2
Low tide area 121 4! x 10%1°

T
It 20%10 ﬁa

Diff

] ,". o) p— ‘. ~ o~
Arez of Pocome ¢ne’ Azss

Wyer’s
a6 N Point

S Y

7
N
s \
e ~ \} Head of the Harbor
1685 < (east of Pocomo Point -
LA Bass Point line)
o5 3% 64,2
165% —< High tide area 78.94 x 10" ft!
164 oo Low tide area 74.97 x 10 ft?
i i 1A
LA Ditt 397 x 10°H
1620~
5
/i
,l
AN
B_S
I /\\
!/ B
] ~N
| \\
| ’Pomrro e
!i FPoint s
! o
' , R e
| Rt . “' ~ .
{ | e "y, PSS ER R RS
l [ S —

)

- F & o~ e 4 2
Porarts , Upoer Manfocke?t Karbor

Sowng line oF Slations aFf which current velociFee

were measvred. 4rrows

ebb Frioe.

ndical olrection of Flow dirig



Figure ©

[72]
r\' (| O (S L ey T E
i j“’ F)
NE |18 lll|lllLLJ,1_,1]l-.1| ! e v
E § VI ety (] SO W] L T | I .
e | ©
SE L se o rabiess L o
1 =
S o y E
! <
SVJ ||ll lJ. A1 i | s il
LA W 1 £ kT
MW 1 L L
30 35 40 45 50 95 o0 mph

Max. average hourly velccities

Wind velocifres 7n sforms whose maximerm: averoge
hourly velocities exceed 30 rmiles per four af Nonfkicker
Mass ;/936 o June 948 inc/ Oafa by U S. Weaker Sur



e

sOUN D'__ Iy
B8 E A £ H

Nave crests

N ANTUCET
COATUE

e T

—_—

Schematic diagram of bay onr harbor side of erve Beacr
Shovsing He ferred refraction pallerr of waves
by a N E wind. Dotted /ines rormal %
are orthogona’s

1
Ve

i P - .
Jo he weve cres’s
The wioer 1he SO0 oF e ortaoano/s
He /ess Fre wove energy o thie besct

~



'y  ‘:..‘3 géﬂ

> s

NANTUCKET HARBOR

. = ] AW

Photograph of model of Nantucket Hasrvor showing tae circulation
pattern induced by tne flood tide,
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Fig. 9

NANTUCKE T HARBOR

Pnotograph of model of Nantucket Harbor showing the circulation
pattern induced by the ebd tide.
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Phictoerapl. of model of Nantucket Hardor stowlng tne circuletion
ttern {nduced by fleod tide entering through the Nantucket ship
annel srnd also through a cut across Coatue Beach into tae Head
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Fig. 11
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Photograph of model of Nantucket Harbor showing tne circulation
rattern induced by ebd tide entering through the Nsutucxet ship

cktannel and also through a cut across Coatue Beach int:. the Head
of the Harvor,
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