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ABSTRACT

.This paper describes a .short-:term but. intensive study of deep-water

movements within a localized area of.the eastem.Atlantic in November

December 1976•. The study area, contred on 46°N 17~f, is the aite of.~

existing disposal area forlow-Ievel radioactive waste andincorporates

one of the long-term full-depth.current meter moorings maintained by the

North East·Atlantie.-Dynamics study (lmADS) Group of SCOR vlorking Group 34.

1'Iorphologically the site takes the form of a re-entrant valley on. the.:,

northem' slopes of the Azores-Biscay Rise. Using both neutrally buoyant

·floats and near-bottom currentmeter moorings, the flow in the near-

.bottom layer was found to be cyclonic around and abovethis valley wlth

an apparently strong morphological control. The currentmeter records

.were dominated by ~otions close to the local inertial period of 16.5h .

iand"speeds did not exceed 14 cm soc~1. ,Average speeds of 1.8-2.6 cm. sec-1

were observed at 50 m abovethe bottom and.1.0-4.7 cm sec-1 at 1000,m·

above the sea-bed. The overall mean speeds of 5 neutrally buoyant floats

at depths'greater than 3000 m ranged from 2.2 t03.4 cm sec-1• Plans are

". described for longer-term moni toring of the deep circulation at this site

to aasess the variability of the mean flow•.

INTRODUCTION. ':: '.. '

". The deep. current measurements to be deacrlbed were conducted duri~

.liV CIROLAUA cruise 10/76 in Hovomber-December 1976. As shown in Figure 1,

".the study·area in· the eaatem Atlantic was centred on 46011 170\1 at the

location,:6f anexisting dump sitefor the disposal of radioactive low-Ievel

waste .. ··.·}Ihis •si te io also. the locatien of one of the long-term current·

moter moorings maintained. by the HEADS* Sub-group ef SCOR HG 34. Hydro

graphically (an typified by the Ransen cast frem station 86, Figure 2)

North Atlantic Central Water occupies .the uppermost 800 m (approximately)

ef the ,·rater column, underlain at 800-1200 m depth by the conspicueus

*The lJEADS network ef moorings is shown by triangles in Figure 1.
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salinity maximum marking thc core of I1edi terranean Water" and at deeper

lev~ls(> 2000 m) by the relatively uniform characteristicsof North"

Atlantic Deep and Bottom Water. Topographically the study area takes the

form of a north-southvalley indcnting the no~thern slopes ofthe Azores

Biscay Rioe wi th a maximum depth exceeding 4750 m and openirignorthWards

on to the Porcupine Abyssal Plain. The detailed' b~thymetry of the area

io sho'tm in Figure 3. ' .' ;':.~,

INSTRUIIENTATIOH Alm llJETHODS

, 'Tl-io me'thods of direct currentceasurement't'lcre employed. ]lirst,

9n'cutril1ly buoyarit 'floats ....'ere deployed at avariety ofdepthsalorig,a

north-oouth trariscctthrough thc' deepest'part of·tho, valley and ,were ,;

iracked'by ship'forup to 17 days. ~As detailed in Table, 1, two'floats;;

.were set' at .'1000-1200 m' to' describe water movementsin the core'of·the "

\I1edi terranean 1vater, 'while 'the' remaindcr "Tere dcployedin :the deepest·"
I ' •

part of thc water column at 'depths:rangine from 3356 to 4675:m. "

.:' ·..~ing tracking; the position of each: float wa's f'ixod wi th' reference

to threo moored acoustic beacons (also ShOlffi in Figure 3) whoselocation

ha.d' been'accurately pre-determinöd byrepeated.SATNAVfixes. "vlhere pos

sible float positions wore measurod3':'4 .timesper da.y but the, severe ,i.

weather provailing,for muchof the cruise ceant that, in practi~e, fixes

bad to be: made whenevor thc opporturii ty arose; during thc extreme: weather

conditiono of 5-7 December wi th gusts cxceoding 90 knots, dclays ..of ,up:,to

. "2 ' days' oeeurred between. suecessive fixes. , .

• < 'Ihese es timates of Lagrangian drift within the central: part· of ;. the

,,'study area were supplcmented by eurrent meter observations at three.moor

ings around the perimeter of the valley. " The locationo of theoothree

moorings (otations 23, 35 and 40) are indieated on Figure 3. At eaeh sta.

tion thc I:looring (multiplait) ....Ta8 reotrieted to the near-bottom layers .

with' wo eurrent meters per mooring (modified Aanderaa Hodel' 4 ,.,ith pres

sure'eaoes ~ested to 7000 psi, 10 min ~ampling interval). lri'conformity

with thedepthci of the,decper floats" the upper meters were plaeed tolie

", in' a eommon horizontal plane 3700 m below the surfaee while the bottom,'

meter on oach mooring wao placcd 50 m above the soa-bod. Per.fo:rmanee

details of these instruments are listcd in Table 2. " ...:
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RESULTS

(a) Floats

, : The trajectories and depths of the seven successful 'floatsare sum

niarized ago.inst the local'bathymetry 'in Figure 3. As illustrated; the ;

flaats at 1000 a.."l.d 1172: Ia in tho core 'of the I-te'di terranean \-Tater mcrved ,:

rather directly<toward 'the westor north-west,at' overall mean speeds of

7.7'and 8~8 Cm 8ec-1 , arid were evidently isolated from the sense ,ofthe

drift in: deeperloycrs.' ': The deeper floats werG apparentlyconstrained

by the bottom top'ography to follelT a cyclonic path 'around the central '

vallcy 'areaat.lowor overall mean speeds ranging fram 2.2 to 3.4 'cm);s;ec-:~.

In tho' oase cf the deepest flo'atsat' 4234 and 4675 m' sometopographic '::

contiolis of courde inevftable since the vallcy' sides rise 10callY to'>-,

3500 m' in' the' west,':>' 4000 Ia in the east and> 4250 m to the south~ How

ever' töp~'iraphic contral' seems to havobeen equttlly stra~ in the case' r

of the shallowest of thiseroup' of floats at 33'56 m.-depth. The northem.

most float at 3648 o'didilOt'participate"in'the"generalcyclonic valley.

circulation; apparently influenced by the spur a't th~ 'western entrance

to the va1ley tho' float becaoe detached from the main group and was direc-
.- .- ..

ted out of the valley towards,the north-west.

(b) Current oetern

The overall: C?~~ent vec"j:;grfl at the three.,mooring~,araund the peri-, ..

phery of the valley are also shown at true geographical scale in Fi€;Ure 3.

A't each mooring the vector labelled "B" corrosporids to the: bottom current

meter, 50 r::. abo~-e the sec.~bed~ "hile 'the vector 'labelIed "UB" (upper ' ':

• bottom) corresponds to the meter placed 3700 m beIm" the surface.~ llic'
records on.which these vectors are based are generally between 21 and

25 days in length wi th the mcception of the bottom meter at station' 35'"

which provided o~~- a 7-dcy record,tl~oUßh i 6~lfunction in the clock.

- ,The 'characteristics' of these records are as follows:' First; inthe

short tc:r::m~'the 10-minute moan spe'eds" did not exceed 14 cm oec;..1 at 'rm:y
of thothree stations; the .lcmal 'distributiona of10':"minute values are

sumnia:i::ized in Table 3." In the langer tem~ this table also' shmofS that""

. mean aaily residual opeeds* rangcd' fram 1.8":"2.6cmsec-1 i~the' ~ear- ".:

b6ttom 'rccordG and fron 1.0-4.7 cm' sec-1 inthe lIupper bottam" records~'

in broadagreeoent with speeds of flaato in the 3300~4700 m layer.

Second~· thene currcnt me'tor recordG are characteristically doiillnated'
",

"'·"t.·
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throußhout their length by chort-pcriod motions elooe to the loeal inertial

period (16.5 h) as illuotratcd in the time plots of hourly values from

station 23 ("upper bottom" meter; Figure 4) •. The coherence of this iner

tial oignal from record to record andits'eomparison with the theoretieal

loeal inertial frequeney are eurrently under' examination. As wi th the

float trajcetories, a third general feature" of these current meter reeords

eoneerns the faet that some topographie eontrolappears to be implied ~n

the residual drift in both thc near-bottom and upper-bottom layers (see,

for example, Figure 3). Ue ean perhaps also see something of this

influenee not merely in the dircetion of residual drift per ~, but also

in i ts ctability wi th time. For eaeh eomplete eurrent meter reeord a

stability faetor ean be ealeulated which expresses the mean veetor speed

.for the entire reeord asa pereentage of the mean sealar speed (Ramster •

and Hughes, 1976). For the rccordsunder diseussion this stability fae-

,tor was high in 4 (possibly 5)' of the 6 reeords (Table 4):

Station

23

35
40

Stability faetor
%

Bottom meter

66.7
94.5*
90.7

Stability faetor
r l
,I)

Upper-bottom meter

80.0

6.7
98.9

*Short reeord.

The extreme stability in the direetion of residual drift at station 40 is

further illustrated by thc pro{;Tcssivc vector diagrams of daily residuals

shown in Figure 5.

DISCUSSION

Ao dcseribed above, this short-term but relatively intensive study

of deep-water movements in a loealizcd areaof the eastern Atlantie does

appear to show some evidenee of "oystemlt in the deep eireulation. Thc

Eulerian and Lagrangian estimateo of drift appear eonsistent in both

speed and direetion and bOtll imply some topographie eontrol of the near

bottom eireulation. Consisteney is also shown when these direet estimates

of drift are eompared with the geo~trophic flow calculated from two short

hydrographie seetions whieh were worked aeross the area from north to·
south and cast to west. Figurc 6 for example shows good general agree-

ment betl'lOen the patho of the tl'lO upper floats at 1000-1100 m and the"

distribution of ~cheight an;maly at 1000 m (relative to 4100 ~),
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while Fisure 7 also confirms this good agreement in compar~ float velo-

cities (east-~est'components)with the vertical; velocity profile' caleulated

for the north-south section.

Nevertheleso, despite the fact that these oboervations appear to show

a relatively simple deep eirculation within the area dUxine the four-week

period of study i t ~,ould be naive to suppose that thio simplieity was

characteristic of the area in anything but the very sh~rt term. ' Even if

the apparent topographie control i8 real (lending some degree of: stability

to the circul~tion) i t is entirely likely that in the longer te~ the deep

eirculation will be subject to radical change, for example, throUsh the

interactiori of transient mesoscale features with the mean flow. Indeed

at the full-d~pth NEADS moorine maintained in the contre of the study

• area, preliminary results for the period December 1916-February1911 pro

vide rumple evidence that the circulation at 4000 m·depth is subject to

major long'period variations (Gould, pers~ comm.). For this reason it is

planned to extend the pilot otudy,ofUovember-December 1916 into a nine

month exercise using four lone-term moorings 'durinrr th'e period autwDn 1911

to summer 1918.

•

ACKNOULEDGEI-IENTS,

The authors are indebted to Hessrs Gould, l'lillard and 'fa.ddi~ton of

the Insti tu.te of Oceanographic Sciences" 'vormley for contributirig their

float trackinrr equipinent and expertise during the programme of t:ieldwork

described above, and to John Gould for makinrr available unpublished

results from the NEADS mooring in the area •

REFEREIJCE '

RAl'-IDTER, J. \f~ and HUGHES, D. G., 1916. A otability factor for :estima-
, !

ting variability of residual drift in current ~ater recqrds of. ,

20 days or more in length. rCES C1'1 1916/C:6, 3 pp. ,(ini~eo).
, ',I,

...

5



Table 1 Float release and recoverJ positions, CIROLANA eruise 10/76

Channel Planned Actual Release Position Recovery Position . Duration l1ean
depth depth time time of speed
(m) (m) tracking (cm/sec)*

7 3350 3356 0207/19 Nov 46006 1N 17°12 1
'.' 1210/ 5 Dee 450 52 IN 17021 "'T 16d 10h .. 3.. 3

8 4700 on 1619/20 Nov 46 02 17 14 1230/22 Nov 4602 17 14
bottom .

9 3700 3576 1813/20 Nov 46 14 17 11 0928/ 8 Dee 45 58 17 33 17d 15h 2.8

11 3700 3648 2006/20 Nov 46 20 17 10 1304/27 Nov 46 29 17 21 6d 17h 3.4

14 3700 4234 1239/22 Nov 46 02 17 14 1316/ 5 Dee 45 56 17 22 13d 1h 2.2

8 1000 1172 1616/22 Nov 46 10 17 13 1050/26 Nov 4610 17 36 3d 18h 8.8

4 0324/24 Nov 46 08 17 11 LOS T

15 4700 4675 0200/25 Nov 46 08 17 11 1022/ 8 Deo 45 58 17 27 13d eh 2.7

8 1000 e.1000 2243/26 Nov 46 10 17 03 1332/ 4 Dee 46 30 17 36 7d 15h. 7.7

*The mean residual ourrent speeds indicated by thefloats varied in magnitude by up to 50% during the traoking period.
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Table 2 Summary of current meter data, north-east Atlantic: 17 November-13 December '1976

Station Sounding J.'ieter Height of Length of record Timing Notes on performance
at number meter above discrepancy

.launch bottom "(min)
(m) (m) days hours min

46°34.S'JlT 607 1005 25 03 "31 '- 1 Good record (r:i.')
23

17°07.2 JVl
4105

25 03 Good record (T)414 50 30 0

450 38.8 JU' 703 820 24 04 51 - 1 Gooel record (T)
35

17°45.8 I Vl
4520

629 50 7 01 50 Meter clock stopped
prior to recovery;
no timing check
possible (T)

450 47.3 1N 095 870 22 01 01 + 9 Good record (T)
40

16°44.1 1\1
4567

50 21 23 00 +10 Good record (T)538

(T) indicates that thermistor fitted to meter.
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Table 3 Distribution of 10-minute mean speeds, all reeords, and mean
daily residual speeds, em see-1 (* = short reeord)

Da.ta interval Station 23 station 35 Station 40
(em sec-1)

B UB B* UB. B UB

0.0- 0.9 3 2 0 21 21 5

1.0- 1.9 775 828 290 1767 823 385 •2.0- 2.9 171 252 90 345 246 66

3.0- 3.9 275 458 134 372 303 175

4.0- 4.9 564 757 190 513 603 514

5.0- 5.9 411 444 142 255 358 500

6.0- 6.9 605 341 124 192 401 681

7.0- 7.9 358 134 26 18 167 314

8.0- 8.9 263 215 21 3 116 314

9.0- 9.9 109 78 3 48 148
•

10.0-10.9 59 75 36 67

11.0-11.9 15 36 28 5 •
12.0-12.9 12 2 12 2

13.0-13.9 1 2

Total no. of values 3621 3622 1020 3486 3164 3176

Mean speed (daily
1.9 2.2 1.8* 1.0 2.6 4.7residual, cm sec-1)
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F1gure 1 Location chart BhowiDg study area end s1tes of ex1stiDg NEADS moorings
( triangles ) •
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Pisure 2 TeJlperature and saUDiV profile for Station 86
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Pigure 3 :Bathymetry of stUdy area (m) together wi th paths of neutrally-buoyant
floats at the listed depths (m) and progressive veotor diagrams ror
bottom (B) and upper bottom (UB) current meters at stations 2;, 35
and 40.
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Figure 5 Pm daily residuals. station 40jB,UlJ, Exercise 4541N, 1644W•
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CIROLANA 10/76

Dynamic Height Anomalies relative to 4100 m at 1000 m
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Figure 6 All hydrographio stations worked between 22 and 26 November
1976. Float A. traoked from 22-26 November, Float B from
26 NovembeN Deoember 1976.
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Figure 7

CIROLANA 10/76 Velocity Profiles
J
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