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Nantucket Harbor and the prop-3ed cut at Cir.than Bend 

By 

V. H. Bradley and Joshua I. Truce;, Jr. 
U. S. Geelocical S‘rvey 

Introduction 

This study of Nantucket Hc.rbor was undertaken in response to a request 
General Hnle made of L. T. Currier, U. S. G.;oloGical Survey , as part of the 
coonerative agreement between the Commonwealth of /4;:sLiachusetts and the U.S. 
Geological Survey. The purpose of the study ryas twofold: (1) to determine, 
if possible, whether a channel cut through the Coatue Be..c at the Chatham 
12 ,1-.‘t (between 7yer's and B-ss Points) would have beneficial or adverse 
elocts on navigation in the harbor and through the N,ntucket ship channel, 
a-4 ('3) to determine, if possible, what effect such a cut in the Coatue 
Ber,,4 rould have on flushing out the easternmost 'art of the harbor (Head of 
the 'Arbor) and thereby perhaps improving the shellfish productivity. The 

wes attacked first by determining the existing characteristics of 
tAJ ..-.rbor and then by constructing a model in which these characteristics 

be up-)roximated. In the model a cut-through at the Ch-tham Bend was 
is as to observe chat effect that channel rould have on the hydrography 

harbor. 

location, physical features, geology, and history of U. ntucket 
Hrbr have been effectively treated in tw._ earlier reports - 1Re)ort on 
Nrntucket rbor and its I-Ipr..wementl by 7illiam F. J)nes, consulting shore-
line engineer of N: ntucket, IVich 15, 1938; and "Shore Protection Board 
Pe,ort on N.intucket 11,-rbor, :lass.", by J. C. Tdeber, Corps of 
Erieers, U. S. 'rly, Tune 7, 1939 - and - ill not be repeated here. Both 
these reports considered only the possibility of a. channel being cut through 
the 1.-1:.u::.over Beach to the open ocean at the extreme eastern end of ITTAucket 

Roth re sorts conclude that an oT)ening at that plr,ce would probably 
not `),-: ecoamically sound. 176 found no evidence in this study that leeds us 
t , quet7o.i in any ray their conclusions. 

Conclusions and Recommendations 

Current velocities measured between Pocono and Burs Points, observation 
of the :v777.rent of stick buoys, and the chemical and thermal properties of 
tLie wt !;e:' indicate that tidal currents ensure a continuous, though com-
prativoly :mall, replacement of water in the of the H:.rbor (east of 

b , water from Ilntucket S91111;. that enters the harbor 
through the Nr:iitcket shi2 channel. This continuous freshening of the water 
in the of the Hrrbor was confirmed by observation of the tidal circula-
tioa in the model of the harbor constructed for this investigation. 
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Tidal currents determine the major circulation pattern of the harbor 
as a whole. Direct observation and model study show that tidal circulation 
in the Wed of the Hcrbor is not at all uniform and that in the vicinity of 
Coeleata and Wauwinit the circulation is distinctly feeble. rind generated 
surface currents probably provide sone circulation in those areas and cer-
tainly accelerate, retard, or deflect tidal currents in all 'arts of the 
harbor, depending ueon their direction. 

Veetical temeerature nrofiles of the -ater in the lice of the H.rbor 
indicate that the circulation is not good, or continuous, in the deeper holes. 
The observations made, however, are not adequate to evaluate either the ex-
tent or duration of rater stagnation in the deeper Parts. 

Observation of the harbor model shoes that much better tidal circula-
tion in the HeA of the H rbor could be established by cutting a channel 
about 300 feet Bide and 6 feet deep ('t low tide) .cross Coetue Be.ch between 
Bees and T,:er'e, Peints at That is known locally as the C.eethem Bend. Tao 
phases of the tide in the He d of the H rbor, 
and in ITaetectet Sound in the vicinity of Coskata are sufficiently different 
to ensure a large exchange of water betreen Nentecket Se .nd and the Head of 
the H:rbor. It el,ould be emphasized, however, that the vigorous circulation 
thus established in the Heed of the Harbor is, to an annreciable degree, 
obtained at the exnense of the tidal circulation in the rest of the harbor. 
The velocity of both flood and ebb tide currents in the Nantucket ship 
channel are appreciably diminished. The ti el currents that flow back and 
forth over the generally shoal area between Pocomo Paint and Ceatue Beach in 
the vicinity of Bass and Five Finger Points (see Fig. 1) ere markedly slowed. 
It seems probable from the action of the model that if a cut eere made 
through Coetue at the Chatham Pond the velocity of the tidal currents in the 
Nrntucket shi channel would be reduced enough to cause considerable accumu-
lation of sand ie the channel. S'steuatic dredging of the ship channel would 
probably thereafter be required but at what intervals ee ere unable to say. 
Almost certainly the area bet-een Pocomo Deint and Ceetue Be. eh would become 
an eeciably shoaler. T7 leintain a channel having a minimum depth of 6 feet 
through this area would surely require dredging. 

In the model, eddies developed within the H:ed of the Harbor on each 
side of the cut through Co,tue Beach during the influx of flood tides. These 
eddies mere eliminated by building short jetties out into the harbor on each 
side of the cut. Preeumably comparable jetties could have to' be built on 
the harbor side if the cut at C!latham Be .d is made. 

About 650 ne- soundings showed that the area northwest of Pocono Point 
has shoaled since 1938 and that the spits at the ends of Five Fiiteer Point 
nd, particularly, Ba Point hove lengthened apnreciably. ne table 

measurements made along parts of the shore in the bays between Five Fineer a 
and fl Points and between Br . erte. 1;, er' Pointe show that in the cres-
centic bay facing the harbor bet' een Five Finger and Bass Points the shore 
has been cut back northeestrard about 80 feet since 1938. It is noel 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 Nantuc!:et Sound side. The northern side of the 
bay betseers Bass end ryer's --ssints has been cut back a similar amount since 
1935. 

This investigation has 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 rauwinit there the tidal circulation is 
serTfeeble mid have exceptionally large shells but smaller than usual "eyes" 
(i.e. the :adductor muscle, which is the commercially valuable part). The other 
observation was that the best scallops come from the waard" bottom in the vicin-
ity of ,-yer's Point where the tidal circulation appears to be only a little more 
vigorous than in the vicinity of Coskata and Wauwinit. 

One other observation :-gas made that may be of significance in the ecology 
of scallca's and other shell fish; wisely that eel ;Tess is reestablishing 
itself at different rates in different ,arts of the Nantucket area. rear 
Uddaket, at the southwestern end of the Iceland, eel grass is so abunc,ant that 
it is becoming: a nuisance. In the western end of Nantucket Harbor eel grass is 
becominc fLirly plentiful but in the Head of the Harbor it exists now only in 
small natches that, according to casual observations of local residents, do not 
apsear to be expanding. 

Discursions with biologists at roods Hole Oceanographic Isstitution lead 
us to the conclusion that so little is known about the ecology of the harbor 
scallop in general, and ()bout the harbor sccilon in the .:Arogranhicnlly complex 
Nantucket H. rbor in nerticulsr, thrt it is quite imnossible to predict whether a 
channel through Coatue Beach connecting the Head of the Harbor and Nantucket 
Sound would improve the yield nnd 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 example, it may be that the drainage from 
the land and swamps from the llolpis Harbor area may bring into the harbor bene,-* 
ficial additions of dissolved phosphnte and nitrogen - important nutrients for 
all aquatic organisms. At present, drainage from the Poi ;pis srea almost certainly 
gets into the Head of the Harbor. Observations of the harbor model suggest that 
if the Co-Ahura Band. cut is made it is likely that much less of this land and swamp 
drainage could get into the Head of the Harbor. It mould stay in the lower part 
of the harbor or be swept out into Nantscket Sound. Also, the reported fact that 
the best scallops nou come from the Hoad of the Harbor (near 1Z2ser'ss Point), where 
the circulation is not at all visorous seems to cast some doubt on the desirabil-
ity of a frequent large exchange of harbor an0 N.ntucket Saund water. 

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

1) Ln engineering study of the harbor model and the harbor itself to deter-
mine how much the tidal currents in the Nantucket shin channel could be reduced 
by the char es in the hydrography of the urner harbor brought about by an opening 
at the Caatham Bond. T 'is would be necessary to assess the economic consequences 
in terms of required dredging in the ship channel; 



	

	

	

2) eystematic biological study of the ecology of the harbor scallop in 
Nantucket Harbor as r, rhole to determine the probable economic effects of the 
pronosed Chatham Bendcut on yield and quality of the scallops. This study, 
should, and probably could normolly, include many more determinations of the 
chemical and thermal characteristics of the harbor rater, particularly in the 
Head of the Herbor. Such additional data ere necessary to make sure rhether or 
not the deep parts of that basin contain enough stagnant water during any part 
of the year, to have an adverse effect on shell fish. Sash a study also should 
include an assessment of the relationship of the kind of bottom (clay, cobble, 
loose send, etc.) to the best riroduction of scallops. Biologists at the Foods 
Hole Oceanographic Inatitution, for example, shored quite convincingly that 
thDre is en extreordinaril7 close dependence on the particle size and grain 
size distribution of the bottom deposits and the setting of seed clews. If 
scallep spat 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 knoan before making so drastic a change in the hydrography of the 
harhoe as the Chethom Bead cut aould produce; end 

3) That, if the Chatham Bend cut is made, the channel to be dredged through 
the ores beteen Pocomo Point and Ceatue Beach be sinuous endibllow the present 
course of the deepest charnel up along the test side of Pocomo Point, deep into 
the bay bet':een rive Finger and Bass Paints, thence southeasttard along, and 
close to, the 3,ss Point cpit toward the cite of the te7Aorary tide gauge shorn 
on 1. Teat sinuous chennel nould be easier to maintain and aould require 
much less, frequent dredging than a straight channel through the area. It would 
make use of, ratifier than fight, the natural processes going on there. 

HydrograpAyof Nantucket Harbor 

In 1934 the Cora of Encineers took a great many soundings when they made 
a systematic survey of the bathymetry of Nantucket Harbor. Subsequently Tilliam 
F. Jones of Nantucket made additional soundings and compiled a useful and 
informative bathymetric chart of the harbor. Apprrently that chart ras never 
submitted to either the State or Federal governments. Through the kindness of 
MY. Bassett Joaes, brother of the late F. Jones, ee have traced that 
bathymetric chart and transmit it with this renort. (-.'igure 1). It Ars been 
modified, hovever, in the area around Five Finger, 'ocomo, Bees, and D'yer's 
Points to accord eith ebout 650 net: soundings taken by the U. S. Geological 
Survey in July end At4aist, 1948. poundings zere teen in that area because 
it appears to be the most critical, both fo nevigation through the harbor and 
for the exchange of water between the ueeer (eestern) cad or Herd of the Harbor 
and the middle of the :harbor. The seialleet cro:- s-section (wetted eerimeter) 
inside the harbor is betreen 7ocono Point and Bars -oiat. 

The ne,: soundings shooed tirt the rnits at the end of Five Flieer and Bass 
:=cinta ireve lengthened since 1938, particelarly the one on Baes Point. Tee shoals 
off both these eoints have not alteled signfficantly, but the shoal off :;locomo 
Point hes broadened considerably. Tae nnrro' but rather deep channel along the 
southnest side of the Bees Point snit is erelarently either e nea: feature or one 
that has been accentuated since Jones m. de his man. 
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Coast line chrnges. -11rine t.'ble surveys sere made (along enrts of the shore 
in the boys betl'een Five Finger and Bass Points and betreen Bass anc,_ reert: 
Points. Tase shoe thrt in the crescentic bay frcing the harbor betr'een Five 
Fiaser an Bass Points the shore hes been cut beck northwertwcrd about 80 feet 
since 1939. It is not 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 
narror neck of the Coatue Beach is made up of low beach ridge: that parallel 
the outer shore. Most of the ridges rise 3 or 4 feet above high tide line, but 
two have crests of eindblores sand and rise 6 and 7 feet respectively above the 
high tidy line. The neck is covered by a sparse groeth of beach grass, poison 
ivy, lichens, and a very fee plants of vetch. It is clear that the neck is not 
corelonly, if ever, washed over by storm waves. "inds have made many small blow 
outs long the old beach ridges, ho-ever, end particulerly near the Sound shore. 
The northern side of the Bay between Bass and Tyer's Points has been cut back 
a siniler amount since 1938. 

Recently S4se. Bassett Jones suggested to us that the slow eroevessive 
subsidence of the !.tlantic Coast report- d by II.,nuer. (Ceosraphical review, 
p. 352, October 1.48) eery account for the progressive erosion of the harbor 
side cf Coatue that he hos observed over the past 50 or .lore years. II rmer 
resorts en average annual sebsidence of 0.432foot 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 interpretation, however, the 
sea should theoretically hove gained erosive noer with respect to the shore. 
Whsther the increase of erosive power gained by such a chenge in sea level is 
quantitetivelv adequate to account for the observed erosion of Coatue we do not 
knot,. Nevertheless trend is certainly worthy of further analysis and careful 
consideration in me long rrnPe el-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 Ccntue Beach. 

Tidal observe Mons. In order to construct a model and in order to 
correct the soundings and evaluate a series of detailed current measurements 
made between ?ocomo and B ss 'points, a temeorary tide gauge was established 
on the south shore of the Head of the H. rbor. (See Fig. 1.) The gauge was 
made of 3-inch galvanized down-seout containing a metal float to which was 
soldered a vertical brass rod. The top of the rod ass read against a scale 
fixed on the same upright as the )iee. loeer end of the gauge pipe was 
closed exceat for a hole about 1/8 inch in diameter to darre out the effect 
of the raves. The gauge ea- attached to the temeorarY eier owned by John 
Lleudonca. 

Only 8 complete tide ranges were observed, which is far too few to deter-
mine a reliable mean but must suffise for the eresent purposes. The readings 
given are from the arbitrarily set scale whose zero has not been related 
exactly to mean low tide. From these fee 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 Rzinge 

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 1D:10 0.06 
15:50 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 

latximura range 4.52 feet 
Minimum range 2.55 feet 
Average range 3.68 feet 

According to the Atlantic Ocean tide tables, Coazt end Geodetic S,rvey, 
the mean range of tide at Nantucket is 3.0 feet and the spring range 3.6. 
Local residents report that at rare intervals (measured in years or tens of 
years) there are extreme low tides in the 11, ,A of the Iirbor then the water 
level is about 2 feet below the lowest recorded above. No excentionally 
high tides were noticed or reported. !nr, infer from the variability of the 
tides observed in the Head of the Harbor that there msy be in the harbor as 
a whole a complex regimen of tidal surges, perhaps modified by seiches. 

On At -,.at 13 the tide gauge vas read at 15 minute intervals from 8:30 
A.M. to 10:00 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. 

Ca rent observations and measurements. Obrer7ration of stick buoys and 
measurements of currents with a Price ater meter were used to determine the 
characteristics of the tidal cur-:ents in the upper part of the harbor. 

The stick buoys were hastily imrovised and consisted of 1-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 shown in Figure 2. The 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. 
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Drift of the :tick buoys shows a strong flood tide current along the 
southwest flank of Pocomo d, over the shoals and well into the He,..cl of 
the Harbor. 'rids current turned back toward Bass Point well before the tide 
began to ebb. Slow reverse eddy currents apnear in the bays of the Coatue 
Beach as might be inferred. They are much too weak, however, to serve by 
theiaselves 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 Coatue and that a 
relatively weak northerly current flows along the southwest flank of Pocono 
Point. 

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

Through the kindners of Mr. H. B. Kinnison of the Geological Survey's 
E%x:ton office, Mr. C. E. Knox oame to Nantucket and made a detailed series 
of current measurements with a Price current meter. We selected a line 
between the Pocomo Point spit and the Bass Point sit as it marks about the 
smallest cross-section through which the tidal currents run in and out of 
the Head of the Harbor. (See Fii:;s. 1 and 3). At the stations indicated Mr. 
Knox measured current velocities at 0.2 and 0.8 death and also took a series 
of readings from tol) to bottom so as to get velocities at 6 inch intervals. 
(Soo Figure 5.) The next day we occunied a ';osition at, or close to, sta-
tion 165 from 9 a.m. to 9 p.m. where Ti* . Knox measured velocities at 0.2 and 
and 0.8 of the depth at 10 minute intervals and made detailed vertical pro-
files of the current velocities at half hour intervals. 

:Ir. Knox's computations of tidal current velocities and flow in and out 
of the Head of the Harbor are summarized graphically in Fi:,,,res 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 . . . imficate 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 shane of each curve below 
0.4 depth is about the same. Above 0.4 depth the curves are quite different. 
The 10:30, 11:00, -nd 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 2:7.0 vertical velocity curve ',vas 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 and 3 p.m. curves. 

"The 3:00 p.m. to 8:0- p.m. curves are for the flood tide. Tho 3:30 
is one that we plotted in the boat. I can't explain why the velocities 
should change so ra-ddly. The 6 p.m. curve is not similar to any other. 
Tile 0.1 velocities for the 7:30 and 8:00 p.m. curves seem high. with the 
exce-ition 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 graph (Fig. 3) allowing the horizontal distribution of the veloc» 
ities shows that we were around the point of maximum velocity across the 
section. Fer this reason our obeerved velocities should be higher than the 
compute( men velocity for the section. 1.I.owever, due to the angularity of 
the 7aleci'y, tie actual velccity at any .oint is higher than the mean 
velec,ity multiplied by the horizontal distribution factor. 

"We measured velocities over two feet a second cn Aucust 12, 1948, 
These are actual velocities while velocities compued from the computed mean 
velocity would be lower due to the fact that the velocity computed would be 
the comoonent normal to the ection. 

'The changing velocities from top to bottom and from side to side 
insure that The 7.ater is being mixee. constantly. This fact alone could 
account for Lhe tact that the s,:linity is nractically 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 mil]ion cubic feet of Tater moved into the head of the harbor during 
the floc; tide. Ttth the low mean velocities present it is unlikely that 
any of the water that r.as in the head of the harbor reached the sound during 
the ebb tide. H . ever, all water from the head of the harbor mixed with 
water from lover in the harbor end it is likely that little of the water 
that came fron the head of the harbor on the ebb tide returned on the flood 
tide." 

Timis and Erosion 

Taves and currents produced by strong winds are probably much more 
effective in changing the configuration cf the coast line than are the 
tidal currents. Oeviousiy, however, where the two coincide the effects 
are enhanced. Yevertneless, to judge from the configuration of the harbor 
bottom, tidal currents are effective in sreeeing channels out and main-
taining them. 

Th'0.0e-blY also the tidal currents were resronsible for determining the 
crescentic -attern of the harbor side of the ancestral Coatue Beach as 
William F. Tones ,ointed out in his re-)ort. Initially the south side of 
Coatue Beach v,as a smooth curve nearly concentric with the present 
Nantucket Sound shore of Coatue Beach. Also the south side of Coatue was 
at that time much closer to Plcono Point and consequently much of the main 
tidal stream may have impinged on the Coatue Beach after being deflected 
northward by Pocono Point. 

Major Lieber, in the Shore Protection Board Report on Nantucket 
Harbor, Mass., Tune 7, 1939, nrenared a diagram showing how dominant, year 
after year, are the prevailing southwest winds. But it is the sustained 
high winds of the big storms that art the most significant as erosive agents. 
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'no distrP-ution 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 south"est are next most numerous, though 
fewer of them rise to the high velocities of the northeast storms. 
Nantucket Harbor is oriented with its long axis northeast-southwest so it 
catches the full effect of the most numerous large storms. Taves driven 
before a northeast gale have crests that are essentially normal to the harbor 
axis. According to the general principle of the refraction of waves they tend 
to curve in and parallel the shore as they break. If the angle of refraction 
is large this results in the Laves striking a curving beach with a "wiping" 
action. (See Fiure 7). T.As is very effective in translating sand along a 
beach for each Lave throws sand into suspension and then the swash of the 
nave moves the suswended, 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. T7 ere supplemented by tidal currents they are, of course, 
that much 9ere effective. Sand thus eroded from the crescentic beaches moves 
outuard along the spits and comes to rest near the outer ends adding to their 
length. ,ppears that this general process is gradually deepening the 
arcuate bays along the southeast side of Coatue All strong winds 
excent those blowing generally southeast-ard would contribute to this pattern 
of erosion. I should be emnhasized, hoc ever, that for most of the time 
these crescentic beaches are essentially in z7 state of equilibrium as storms 
of onposing directions alternately move sand along the curl:ring beach in 
opposite directions. 

Sand spits in N atucket 3 rbor, particularly those off Five Finger, 
Pucomo, and 3 ss Points, are continually shifting a few feet, or perhaps tens 
of feet, un harbor or down harbor ith each persistent strong wind that blows 
approximately along the axis of the harbor. 

Chemical and Biological C,nsijerations 

One part of the nroblem vas to determine if nossible hether there is 
a significant exchange of water in the larF,e 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 L,nd middle harbor is contin-
ually, or periodically, refreshed b: exchange T. ith Later from Nantucket Sound. 

If the water in the HeA of the arbor is stagnant, or even partially 
stagnant, as has frequently 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 harbor from 
N:atucket Sound. For example, water trapned there during the summer when 
evaporation rates are high should become more saline. Water samles were 
accordingly taken from near the surface of the center of the Head of the 
Harbor and from a corresponding shallow death off Brant Point on a flood 
tide. The salinities of these two samples were kindly determined for me 11y 
the staff at the 76ods Hole Cceanogranhic I :Aitutlon and found to be 
virtually identical. 

-9-



	

	 	

	

	

	 	 	
	

Brant Point Head of the Harbor 

Salinity 31.22 31.29 

These two determinations of salinity are too few to be definitive. 
Salinity determinations of both the surface rnd deep rater at 10 or more 
stations in the head of the harbor would be needed to determine possible 
increases in salinity due to evaporation. I:. may -ell be, for example, 
that in the fairly sheltered bay near Coskata surface water becomes more 
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 tempera-
ture Profiles on the following pa;-es). 

Water that stagnates enough to be harmful to scallops would orobably 
have a dissolved oxygen content of the order of 50% of the saturation value 
(oral communication Dr. John Ayers, Woos Ueeano6raihic Thetittion). 
AccorklinEly, three eater samples were taken from the deep basin near the 
center of the Head of the Harbor. To 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 
deep. As soon as taken reagents were added to fix the dissolved oxygen. 
T.:ey were taken to hoods 7.here Dr. 7.T. Edmondson of Harvard and the 
7oods Hole Oceanographic Institution titrated the samples with the following 
results: 

Sample Oxygen Content Assumed A:sumed 
milligrams/liter Temp. 

A - 2 ft. above bottom 
B - 2 feet above bottom 

13.1 
11.1 20° 

(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 saturoted. Dr. Edmondson examined 
some of the , ater taken .t the same station and found that it contained a 
very large content of living micro: colicorganismo; mostly diatoms. 'nese 
would account for the abnormally high oxygen content of the water. 

Vertical temperature profiles of the water off Cootue Point, Second 
Point, and in the center of the Head of the H,Tbor were measured. vith a 
bathythermogranh, which was loaned by the 7oods 1-11e Oceanogranhic Institu-
tion. The to nerature 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 deel-)er parts of some basins where circulation is feeble. 
Thu following temperature profiles indicate that the water off Coatue and 
Second. Foi:!ta 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 Hee.d of the Harbor is thermally stratified. 



	

	
	  
	

	

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

Temperature profiles of eater in Nantucket Hnrbor 

Readings taken from bathythermograph records made August 21, 1948. 

Off Coatue Point 

Depth in feet beim surface Tauperature (F°) 

2-8 73.2° 
8-10 73.1° 
10-21 73.0° 

Off Second Point 

1.5 72.8 (Lipcar; surface 
to bottom) 

17.0 72.9 

Head of the Harbor in elz:ngate hole 224 feet deep bet7een 
WYer9:; Poiat and 

A -10 75.2 
10-14 75.1 
16 75.0 
18 74.7 
19 74.5 
20 74.3 
22 74.0 
23 74.0 

B 2-14 75.2 
16 75.1 
18 74.8 
20 74.5 
22 74.3 
23 74-2 

2-6 75,1 
8 75.1 
10-14 75.2 
16 75.1 
18 74.8 
20 74.5 
21 74.1 
22 74.1 
23 74.0 

A 1 yer of -,ater about 6 feet thick at the bottom of the elongate denression 
224 feet deco betreen V":tor's Point and Wcuzinit is significantly cooler then the 
r.-ter Pbove, 7:lich is tiermalr homogc!tems. Such bottom layers of cooler, denser 
cater may become quite stable and 1-ersist for reeks, nonths, or even years, as in 
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certain Norwegian fjords. If they _ersist they gredually become depleted of oxy-
gen by respiration of bottom-deelling organisms and by decay of organic matter on 
and in, the bottom sediments. l'hen such layers or bodies of water become .7holly 
depleted of dissolved oxygen they become toxic to all orgenisns except anaerobic 
bacteria. 'Tie uottoms below such water bodies become veritable deserts upon which 
no shell fish or water plants can live. 

Uefortunntely these te-Iperature measurements were re- de late in the investi-
gation. Corsequently the presence and extent of this cooler eater body were not 
verified by deterelinations of the salinity. It is noeeible that the salinity is 
greater than that of the surface .:.titer. If so the stagnant body of water would 
be even more dense than its coolness elone mould determine. Clearly also the 
more dense the eater the eore persi7tent the stagnation. It is certein, however, 
that if the observed stratification is due solely to tempereture difference it 
will not persist theough a Tinter because the bottom water at about 740F would 
be distinctly less dense than the overlying body of water, which surely cools 
well below 740dueinf7, the r: inter. Only a considerably hieher salinity, therefore, 
could continue to hold eeter of tenoereture 74-0 atite bottom throughout a winter. 

The determination of excessive ::mounts of dissolved oxygen in two eater 
sannles taken from 2 feet above the bottom of t:Iis same depression in the Head of 
the Harbor suggests that the cooler layer of rr.ter is only a transient feature. 
Indeed, this cooler rater :ray simply be part of the tongue of cooler (ca 730F) 
Nantucket Sound hater weich the tide projects past Second and Third Points and into 
the Head of the H rbor weter which, by reason of its coolness and greater 
density, spreads out under the relatively worm (750F) end therefore less dense 
surface water in the Head of the Harbor. retere of that general temperature show 
a perceptible teedency not to mix if their temperatures differ by even a few 
degrees. Aeditional determinations of temperature, oxygen content, and salinity 
of this deeper water should be made at intervals of a week or tn.() through the su 
summer months in order to determine how persistent a feature the stratification 
is. If it is a transient feature it may be disregarded es far as the scallop 
yield is concerned. 

Eel which my have e bearing on the ecellop and other fisheries of the 
Harbor is coming back again after virtually complete disanneerance for _lore than a 
decade) In the lower part of the Harbor, near thetewn of Naiituci:et and around the 
jetties it is becoming feir17 abundant. (In te.1 vicinity of 1 ddaket at the 
southwestern end of N ntucket Ielend eel frays is now so eburdent that it is 
becoming romethin of nuisance.) In the - ert of the Harbor it is plenti-
ful enough so that moderate storme sash un 'Androes of it on -Pocono Point. In the 
Head of the H -bar small patches of eel grss h:,ve established themselves but lo-
cal residents sey that the netches seem not be be oreading as is the habit of the 
plant where it ishealthy end -irosnerous. 

Model of Nantucket Harbor 

Tho observations recorded above and the evident connlexity of the tidal cir-
culation in the ber led to the decision to colletruct a snail Aodel. Through 
the kindness of Mr. C. O'D. Iselin, Director of the Toods Hole Oceanographic In-
stitution this .cas undertaken at tile Institution under the guidance of 'Tr. V. 



	

	 	

	 	

	

Von Arx. Joshua I. Tracey, geologist of the U. S. Geological Survey made the 
model and the experiments in collaboration v.ith W. Von Arx. The data 
shorn on Fig. 1 of this renort provided the basis for the model, -hich rns 
routed out of Plyrood. The rood surface 7as coated and smoothed rith nutty 
and printed. The tidal surges -ere mrde by a relntively 1:rge, partly sub-
merged block tht rose and fell through the action of rn eccentric operated 
by a small synchronous motor. 

The horizont'l scale is 1 inch equals 1,000 feet (1:12,000) and the 
vertical scale 1 inch eqrals 18 feat. (L:576). The tidal notion (i.o. rise 
rnd fall of rater surface) of 1/16 inch in the model corresnonds to - 7; foot 
tide. 

Th:Joroticrlly on r distorted model, velocities should be in the ratio of 
the squ:rc root of the vertical scale and time should be pronortional t' the 
liar horizontnl scrle divided by the root of the vertical occle. On this 
morel the thenrcticnl time scrle is 1/500, th-; velocity sc'-le is 1/2'1. , ctually 
the telechr;n motor rt_vJlving once - minute renresents a tidal cycle of 12 
hours. This gives a time scale of 1/720 -hien res.,lts in r velocity scale of 
about 1/17. Five sec.'nds in the 7!odel renresents 1 :.our in the h:rbor; one 
secmd corres ,onds to 12 minutes. Therefore a current uoving 1 inch in 1 
sec:ald co=res-ends to - crrrent in the lrrbor nrving 1000 feet in 12 minutes; 
six inches in five seconds renresents n current of nne knot. 

It should be noted th-t both time and velocity scales used differ consid-
errbly from the theoretical. Themrlcs used, ho' ever, gave current nrttcrns 
throughout the tidal cycle that corresponded rather closely to those in the 
h-rbor rhurever -to - ero able to observe t.,em. Moreover, velocities measured 
in the model ap.roximated velocities monsGred in one --rt of the .arbor. 
Tnorefnre, if - cut is wdo rt the C'arthrm Bend - e expect that the Prttera 
of currents in tau H.rbor to be 1-2roxin:tely the sane rs t,-t already ob-
served in the 

Patterns of currents in the no.lel (Figs. 8 and 9) cirrespond rrt'iur 
closely tl obaerv-tions on the harb,:r itself -1th'eugh exact n-ths of floats 
are not renroducible. This is so for t-o reasons; first, in the harbor a 
series 7f identical stic!: buoys nole sod at the srno tine would trace out 
a grrdurlly • idening path whereas one tick buoy ill trace a single aath . 
soriov here rs-ttorn; sec-nd, in the model exact dunlicrtion of 
velocities, or magnitudes of f')rc.:•.s are not re‘iroducibl:. 7urthernore, te 
rero nnt r, pr-,ducc cnditims. satisfrctcrily, rnd they hrd rn 
irnocrtant effect on t':., buoys. 

The current Pattern -f the harbor mndul follerod alinost exactly that , 
expected frm Position and curv-turt -f bars seen in the- riirohetos taken in 
1938. This is t- so_ci• lly true in tl:e ca-nncl b-rs bet- eon Pocono and 
B- ss p ints. T = 7; in current fpllo-s, th ch. anel un to -3,,cono "pint on the 
flood tide, Pnd nefor high tide a tongue of this cl_rrent goes into the Herd of 
the Harbor. Curr.orAs riEr)g the dames IND in the sme dues t ion as the lnnin current 
as it develons; as it reaches rt :laxi:lun at mid-tide, ccuntrcurrents develop 
eloag cumplebenaLes adipoints. Because of the eddy devulo- )ed in the Herd of the 
arbcr the high rter starts receding over Bass Point bar Calle thu ,rin tongue 



	

of rater is still pouring into the bey. (see Fibs. 2 and 6). On the outgoing 
tide the main current again ects un shore counter-currents rs it incrersts. 
The eddy developed off the toen of Nantucket is interesting -s it is el- ays in 
the sane clockrisc direction. On flood tide it is r counter-current centered 
in the d ep part of the pool. On the ebb tide the rain current splits over 
Hussey shoal, an: the . outhern stream forms the eddy, no centered over the 
shorl. 

The elodel suggests the folio- ing nattern of erter circulation for the 
Heed of the Harbor: 

1st flood tide: I. tongue of Nantucket sound rater runs through the 
harbor chrnnel, floods the middle Harbor, and extends across Bass Point bar 
into the Head of the H-rbor. 

1st ebb tide: This tongue comeletely eithdrre's from the Head of the 
Harbor, but -n enerecieble amount of it remains in the middle Harbor. relatively 
old (severe' to nrny (?) tidal cycles) 1-ater from. Head of the Harbor follors out 
through the charnel to Hrrbgr mouth. 

2nd flood tide: Tongue from decn nool in the rriddle Harbor crosses 
B. ss Point bar into the Heed of the Harbor. Old veter no- at Harbor mouth 
returns nerrly tc -Addle of Harbor (i.e. bet-eon Third and Five Finger Points.) 

2nd ebb tide: Pert of the tongue of Nantucket Found 7'ater remains in 
Head of the H'rbor; rn appreciable (=ant of the old rater 1,07 in the middle 
HWAET posses out through the Harbor or shin channel. 

These conclusiens result from - correosite of tIo experiments - one rutting 
dye in at the Harbor entrance - the Nantucket Sound eater - end observing it 
through several cycles, the ether nutting dye in the Head pf the Harbof, 
eater, and tracing its course through several cycles. e definite, though auell, 
exchange of rater in the He d of the H. rbor -ith that entering the shin channel 
is in dicated. Vcieecities mpasur-d to scale in the model represent, but do not 
faithfully du)licetc, the folio- ino velocities in the prototyne: 

1) Channel both eon -lecomo and B ss Points. 
Flood tide, everrge 1.37 ft./sec. for 5 tides. 
Ebb tide, everege 0.81 ft./soc. for 4 tides. 

These velocities correspond roughly to the nver-ge velocities measured 
in the prototype , ith Peice current meter. 

ellannel: flood tide, 1.b8 ft. rec. for /tides. 
ebb tide, 1.4 ft./sec, for 7 tides. 

No velocities ere .,eesured in the shin channel but ee estirrte that 
the velocities observed in the model ere rprecirbly lo- er than the actual tidal 
currents in the ship channel. 

Obeervations of the model through severel tidal cycles v.fter a cut 
equivalent to 300 foot leiOe and 6 feet deep hed been undo through .Coatue Bench 
(Fee Figs. 10 and 11) at the C'eathren Bend (betecen Bros and ry'erto Points) led 



	

	

	

to the follouing generalizations: 

1)The velocities of currents in the Nantucket shi' channel at the 
Harbor entrances are anprecinbly decreased on both flood and ebb tides. 

2) Currents having velocities alnarently greater than those that nor, 
prevail in the ship channel flo-ed through the non:n:1 Bend opening on both 
flood and ebb tides. 

3) L :arge strerm of Nantucket c'ound rater no's across the Head of the 
Harbor and impinges on the shore ft Pocono settlement, the site of the 
temporare tide gauge. 

.1 Vigorous circulation -..?s established in the gre;te2 nart of the Head 
of the Harbor. 

5) On flood tides eddies develop in the Head of the Harbor on either side 
of the cut. Exnerinentol jetties on each (Harbor) side of the cut ulininrted 
these eddies. 

6) Exchange of - nter beteen the :lead of the -Ierbor and the middle Harbor 
'as markedly diuinished. 

It is eorthy of note that the model study reveals that before tAe cut teas 
nede in Coatue Bench the tidal circulation of - at,r vas slor or absent in the 
northeast` '-n part of the Herd. of the Harbor n-:ar Cosk-t, and in the leuthenstern 
part of the Head of the Harbor neer %az:init. It is perhaps significant that 
in those areas the sc:11ors htave lrrger shells than in the rest of the - hole 
harbor but the "eyes" ( di uctor muscles) arc smaller than the average l'ierhor 
sctqlop. This is the observation of :Ir. Clinton ;ndroos, a fishermfn of 
Nantucket, ,-.hose porers of observ-tion and keen intellectual interest .e have 
good reason to respect. when the cut through Coatue Beach r-tas rirde the rater 
in the Coskata area circulated only fOebly but near --urinit it Ins increased 
but not vigorous. Mr. ;Pdrers' bretter Georige, I-)s dredged for scallops 
in rantuc!:et Harbor for the nest 15 ycrrs renerts that the best scellons come 
from the lead of the 7inrbor in the general vicinity of -L-er's Point rhere the 
bottom iS ":rd" (i.e. : nd firm). F'urnrisingly enough, the tidal 
circulation in that area is rnprrently not much more vigorous than it is near 
Coskatr. 

The rpperent high velocities t':,-eu,711 the .rtificial Out :,ugh;:_sts that scour 
rould soon enlarpe tele c!-ennel yore. :ceordin t -) th' thorough stud-
ies oe Coatne Beneh wade by the late -illi 7. Tones a bed of tough clay under-
lies that nreet of Coatue Beach at a depth of :bout 6 cr 8 feet bele- nenn lo--
rater. That tough clay ith its associated layers of iron oxFc cenented sand 
-n1 cobbles should arovide an of active curb against dean scour. 

Before the cut as made it rrs tnpossible to determine from the model the 
time rel-tionships of th.:_ high and lc- tides in the Head of the Harbor ,ith 
respect to those at the harbor entrance at Nantucket. faith the artificial cut 
open, ho-ever, the chenge of tide IPS 5 secerai (cori,spending to 1 hour in the 
Prototype) earlicr rt the cut th- n at the 4-rbor entrance at high tide and 2 to 
3 seconds (corresponding cprroximrtely to i hour in the nrototype) earlier at 
lor tide. 

-15-



	

When a )utty dam ;as made from Pocomo Point to B:ss Point the change 
of tide, at flood, tas 6 secmds later a.t the Chnthan Bend cut and 4 
seconds later at the ebb tide. This suggests that a small channel (e.g. 
300 feet wide and 6 feet deep) probably would subject to even greater 
scour in the unlikely event that the area betveen Pocomo, Five Finger, and 
Bass Points should silt up so as to prevent exchange of an anpreciable 
volume of , ester bet,een the Head of the Harbor and the uiddle part of the 
harbor. 
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Figure 7 
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Fig. 8 

Photograph of model of lintucket Hsroor thowing tne circulstion 
pattern induced bi tne flood tide. 



Fig. 9 

'hotog:.apn of model of NaLtucket harbor showing tr.e 
patters: induced by the ebb tide. 



P:,:tograph of model of Nointucket Haroor showing the circl:lptioa 
ppttera Induced by flood tide entering through the Nantucket ship 
chpanel erd also through a cut Across Coatue Beach into the Head 
of the Harbor. 



Fig. 11 

Photograph of model of Nantucket HAroor showing tne circulation 
Pattern induced by ebb tide entering through the Neutucket ship 
channel and also througl, a cut acrose CoAtue Beach int the Head 
of the Hprbor. 
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