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~A T~R MOVEMENTS IN PASSAMA~UODDY BAY 

by ~. ~. ~atson. 

During the summer of l~30 investigations were oarried out in three regions 

(1) The main portion of the bay l)ing between ~t. Andrews and Deer Island 

(2) Ohamcook Harbour (3) Booabeo Bay. 

It was thought that a study of conditions in the two passages 

conneoting Passamaquoddy Bay with the ~~ndy waters would give information 

conoerning the oirculation through the bay as a whole, but owing to the 

length and oomplex nature of the western Passage it was found impossible 

to interpret the small number of observations that could be obtained. A 

series of simultaneous temperature observations taken at stations 855 and 

9 are shown on the accompanying graph. 

~ hydrographic section taken from Tongue jhoal (known also as ~and 

reef) to Upper Green Point, at half flood and at half ebb, shows some 

interesting temperature effects. rlelow 20 metres the temperature changes 

very little with tide or depth. At 10 metres, however, the temperature 

is muoh lower for flood tide than for ebb. The water coming in to the 

bay through Letite f inds its density level between 5 and 15 metres and 

its temperature is approximately that of the water below 20 metres, SO 

that now all the water below 10 metres has the, same temperature, while 

above 10 metres the temperature ohange is very rapid. On the eb~ tide 

however enough mixing has taken plaoe to affect the temperature of the 

water down to 20 metres depth and the temperature rise commenoes at 20 

metres instead of at 10 metres. On the other hand at station 855 (in 

the deep channel off Upper Green Point) the temperature ourves at half 

flood and half ebb are almost identioal, the temperature between 10 and 

20 metres being very slightly lower on flood than on ebb. It appears 

that this station is so near Letite Passage that the affect of mixing in 
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the remote portions of the bay are not observable, at any rate not until 

a later stage of the ebb tide. 

Ohamcook Harbour 

On August 5 simultaneous hydrographic observations ware taken at 

three stations in this region; from the Prinoe at ~t,. 1019 in the deep 

water between Kilmarnock Head and Minister Island, from a row boat at 

st~ 1020 in the entrance channel of the harbour, and from the Delphine 

at bt~ 1021 in the middle of the outer basin of the harbour. Th e Delphine 

also took observations at st~ 1022 in the inner basin as soon after 

those at st~ 1021 as possible. 

It was thought quite probable that Oharnoook Harbour, with its shallow 

entrances at both ends, would be a likely trap for cold water. The 

results of the observations show on the oontrary that the bottom water 

is muoh warmer than that at a corresponding level at ~ta. 1019, and the 

water in the inner basin is altogether warmer than any water in the outer 

basinl 

The effect of the sloping bottom between ~ta. 1019 (30 metres) and 

sta. 1020 (5 metres) is very marked. As may be saen from the density 

sections the surfaoes of equal density oonform to the bottom when the 

tide is flooding. Mome n t u m and friction carry the heavy bottom water at 

sta. 1019 up over the sill at dta. 1020 and on the other side of the sill 

,	 it falls immediately to the deepest portion of the basin. W i t h~ n the 

harbour, however, we have fresh water st~eams and favourable oonditions 

for warming and mixing, so that there are powerful arohimidean forces 

tending to produoe a surface outflow. By the time high water is reached 

these forces have a~eady asserted themselves and the equal density sur­

faces are sloping upward from Jta. 1020 to dta. 1019, and remain like 

this during ebb tide and low water. Vi t h i n the outer basin the cyolonio 

oiroulation of the surfaoe water, due to the earth's rotation, oauses 
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the heavier water to rise in the oentre, as is clearly the oase at sta. 

1021. As the shore line and the shape of the basin change with the 

height of the tide it is to be expeoted that there will be variation in 

the position as well as in the height of this tbump' Of heavier water. 

The water of the inner basin as observed at dta. 1022 is lighter and 

warmer than that of the outer basin. Indeed at low water and half flood 

the bottom water of the inner basin is lighter than the surface water of 

the outer basin. Further observations were taken at v~rious points in 

the two basins on August 7. AS before, the bump of heavy water was present 

at 3 t a . 1021 at high water, but not at low. at low water the density of 

the surfaoe water in the Chamoook River estuary is about the same as that 

of the shallow water off James Brook, on the west side of the inner basin. 

Yet this latter water had a higher salinity than any other water in the 

whole harbour~ Also t~e surface water at sta. 1021 was lighter and 

fresher than that in the estuary. In general the water of the inner 

basin is fresher and warmer than that of the outer basin. It may be that 

the oyclonic ciroulation in the outer basin allows the river water to hug 

the shore vary olosely until it enters the inner basin, but in this case 

its path wou l d . t a k e it over the very point off James Brook where the 

highest salinity was found. An alternative explanation is that there is 

a f r e s h wa t e r spring in the middle of the inner basin. A great many more 

observations would be necessary to give a true picture of oonditions in 

the inner basin, especially as it is further complloated by the flow of 

water over the Bar Road. However, the motion of the water in the outer 

basin of Ohamcook Harbour, which is the ~rger and more important, seems 

relatively c Lea r , 

Booabeo Bay 

In this region an attempt was made to measure the currents directly. 



It wa~ found qUite impossible to use a current meter of the ordinary 

fresh water type. Two drags were constructed from sheet metal, one for 

measuring surface ourrents and the other for measuring ourrents at any 

desired depth. By anohoring the boat wi th at least two a ncho r s , wi th 

their lines at right angles, the point where the lines meet oan be main­

tained relatively stationary. A light sail twine line attaohed ,t o the 

float of the drag is allowed to run freely from this point and the time 

taken to travel a oertain distance measured with a stop watoh. The 

velocity of the drag is therefore measured direotly, the only important 

source of error being the movement of the bOat. Observations were taken 

in the ~astern ohannel, between Diok Island and Hardwood Island, on 

jeptember 2; and in the Southern ohannel, between Hospital Island and 

Kilmarnook Head, on jeptember 4. Temperature readings were also taken 

from the Prinoe at sta. 846 on September 4. 

In the aooompanying velocity diagrams shOWing the results obtained 

the velocities have been split into two oomponents, one in the direotion 

of the channel and the other at right angles to this. Thus the diagrams 

shown on the left represent the distribution with depth of the velocity 

components along the channa 1, while the smaller components aOrOSS the 

channel are shown by the diagrams on the right. The direction of the 

ohannel is of course ohosen somewhat arbitrarily, and while a slight 

ohange 'wou l d not affect the left hand diagrams it might ohange the right 

hand ones quite appreoiably. 

The most striking feature of these results is the behaviour of the 

water at 5 metres depth whioh in tha Eastern ohannel is still flowing 

outward even at half flood. In the ~astern ohannel flood water rans most 

rapid ly at 0 - 3 me tre s depth, whi le in the uou. thern aha-nne lit floWs in 

at all depths below 3 metres. at half flood the surfaoe water in the 

latter was flOWing ou~ward. The direction of the ourrants below 15 met~es 
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is definitely due to the configuration of the bottom. This is well 

illustrated by the diagram for the ~astern ohannel at half ebb. Here the 

apparent set of the 20 ~etre ourrent towards the ENE, as shown in the 

right hand diagram, simply means that the ourrent is following the ohannel 

whioh runs to the S~. On the other hand there is a deoided set of sur­

faoe water (0 - 2 metres) towards Diok Island, starting at low water and 

reaohing a maximum at 2 1/2 hours flood. This may be due to ooastal 

mixing. 

wh e r e the ooast is rough, with many islands and shoals, as around 

Hog Island, DiOk Island and the Eastern shore of Big Bay, turbulenoe and 

mixing of the water is oaused by the tidal streams. The surfaoe water 

near the shore becomes heavier than the surfaoe water further out and 

Arohimidean foroes are set up whioh tend to produce a shoreward surfac~ 

ourrent and an off shore under ourrent at a depth of perhaps 5 metres. 

The temperature reoords taken at dta. 846 from the Rrinoe on 

September 4 show that from half flood to half ebb, temperatures at the 

s~rfaoe and below 10 metres remain qUite steady, but the greatest vari­

ations are at 5 metres. Half an hour before high water the temperature 

at 5 metres went up 2°, with sUbse~uent osoillations. It seems that the 

5 metre depth is by far the most important in any study of this region. 

Oonolusion. 
The drag method of measuring velooities was tried late in the summer, 

on Japtember 2 and deptember 4. The first of these days was ideal, With 

oalm water and no wind. On ~eptembar 4, however, working in the ~outhern 

channal of Bocabeo Bay, oonditions ware bad. The wind was so strong that 

the boat dragged both her anohors, and the gusts whioh came from either 

side of Kilmarnook Head made aoourate measurements diffioult. In spite 

of this, the writer feels that the method oan be made reliable even under 

the worst oonditions, and that it is the only satisfaotory method for 
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disoovering the movements of the waters in the Passamaquoddy region. 

The problem of oonstructing the oomplioated movements of the water from 

laborious salinity determinations is so diffioult as to be almost futile, 

exoept in oonjunotion with direot ourrent measurements. The hydrographioal 

methOds applied to the oaeans do not seem suitable for a region in whioh 

tidal ohanges are of paramount importanoe. 

It is hoped that the writer will have the opportunity to oarry on 

this new method of attaoking the problems of Passamaquoddy Bay. 

Department of Physios, 
~ueents University. 
0e.4obef 31 s1 133() 
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