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Technical Report Suumary

Int roduniion

The Creenland Sea holds o position of wnique jwmportznce mnd interceat
amonyg, all the Arctic seas. dhoere are (vo eassentindly differcent veusons
for this,

One, the northera portion conctitvics the wmnjor cenueaction of the
Arctic basin with the rest of the world occan, both in terms of depth and
cross-sectional aren, and in terns of the actual {los of water (cf. Coachnaa
and Aagaard, in press). o satisfactory heat and mass budects Jor the
Arctic can be censtructed witheus a considerable jrpraverant in our know-
ledpe of the heat and nmass transports tnrcupn the Greendand Sca.  There is
evidence that the present budocts way have widerestinated the actual trowur-
ports thiroush the Greenland=-Spitcuericen puisare by oue~-nalr ordéer of mavni-
tudce, and that the internal transports in the Greenland Sea have heen
underegtimated by a full ordar (Awgasra ond Coachnan, 1968a). It is cer-
tainly clear that the deminant vavotvopreity of the area males it inpossible
to substitute dyacnmic calculations bascd on temperature and salinity maasure-
ments for direct current observaticus (/apaard and Coachman, 1568b).

™o, the Greenland Scz (and thz Hoveegian Sen, together with which it
forus an i{atricately coubincd svstem) is & laivpe, deep, partially ice-
coveraed sea; it is one of the uorthern heaisphere's primary heat exchangers
(cf, c.y., Yiatcher, 1905). and as such of virtal irnortance in the toral
global enerpy budpct; it veutinely petiuts navigation farther nerch than
anyvhere else in the world; it is the nrinecipal nerthern source of deep
water for the world ccean; it cxnibits a circulaticn nf the szaue order of
magnitude as the Gulf Streaw svsiem. Tu all these vays Jt is an area of
great importance and interest in its oun right,

The present prodvlen

The single most iuperiart line of investigation to f{urther our
environment 2l naderstanding of the area suect be dircel current measurcrents,
Jt seems clear chat the logizal [itsc siiea of concentration should Be tor
Greenland~-Spitsbercen pusrase, throuvelh which the exehange with the Arctic
Ocean occurs. Evantuaily the curvent nicasgrenents vust evtend throusiont
the year, for both cur flow eobservetiecns in the East Greenland Currcat
(Aagaard, 1968) =2nd our +'ind stress cuiculations (Aagoard, 1970) ivply
substantial seasconal dificrcoveas 3 o2 circulation. However, tho practical
obstacles are formidable, for durtne wivter (1) the arce is lavpelv ice-
covered; (2) there is tozol dazitncss for about feur months: (3) bad weathey
and severe icing conditicns are coiwion,  Jurihermore, logistics and navi-
gation are clways proplematic su this vase of the —erld.
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In view of rhe akove it vas decidad to denlov moored curreat meters,
anchored for one vear beneuth tha raach of the dridting ice. The success-
ful deployrent - retricval of such inctrumeauts vould not ouly avoid the
problems of winter {ield overarionsz, but would alco represent a quuntun
jump advance botn scientificrliy and technolepgically. That isg, it wouvld
provide the urpeatly necded oceanopraphic data, and it wonld also be the
first successinl year-long current meter deployment anywhere in the vorld.

A totiu) of nix current meters vere moored in the Greenland=-Spitsbergen

pascage in Septerbzr 1971, Yhe wooring positiens are shown in Fig, 1;

a chronolopiczl exposition of the project is given in Appendix A.  The

meters record Lhe current speed ond direction on magnetic tave., They are
desienad to be recovered by neoustic activarion of the explosive releasc
mechanism which frees the nocving from its anchor. The subsurface float

then vises to the ur'acc, ard the equipment is saben aboard the vecovery
vessel, The details of the woorings are shown schematically in Fig. 2,

and described in Appendix B,

In addition a total of 27 hvdrographic and chenistry statione were
taken to elucidate the circulation and its :relation to the internal ocecano-
graphjc pressure field, Staticn locations are shown in Fig. 1.

Tealmieal Resulia

Ve feel the peoblens of mooring design und assembly to have been
solved satisfaectorily, and that tha depleved svstens represent good and
practical Arctic deep-sea curroat meter arrayes.  ‘the actual handlinnz of
the equipment at sea and jts successful deplovrent is to large decree
matter of pood scamanship; the latter is a prime requirement in Arctic
operations of this sort,

Two essential technical requirerients stand out. One is the need
for very accurate navigation in order to position the buoys during deplov-
ment; in the CGreocnland Sca this will in practice mean satellite navigation,
The other requiverent is high-quality divectional sonar to precisely locate
the buoys during recovery.

Lepartment of Defense implications

Recovery of the curvent meters with their data would permit a sub-
stantial increase in our environuental understanding of the strategically
and tactically ‘mnortant Greecnland Sea. Such understanding would scem
particularly essential to problems of submarine operations.

. Thare is in addition a host of Department of hefense sponsored research
in the Arctic with climatelogical aspacts. An improved knowledze of the

heat and mass exchaive throuch the Greenland-Spitsbergen passage bears
directly on thesc aspects.

3



Yinaily, we boelicve that a modest ~dadicion hos veen made to the fund
of Arctic buoy toclumlony dnd operatioaal expevience.

Inplications for furlher receawrc'

bus

Clearly, our first ordey of iness rast he te ennure recnvery of
the six current reters alveody dendeyed, 7o Lthis end wve have reoucsted
from the ifarine kescarch lastitvice in Pevikjavil, Iceland tirme aboerd the
Biarnt Secruvdsgon.  Tids i the iarmest and nevest oi the Teelandic
research vegsels, a stern trawley desicned {or oceanonvaphic end fisherics
rescarch and cquipped with a larpe arvey of sophinticated sonor,  We have
now had a4 very roverabte reple Lo our reuuceot, to the ¢f feet that the ship
will be availeble in the Greenlond Sea for juint Icelandic-U.,S. ircvestipa-
tiens duriag five weels in Aveust-Gepteuher 1972, Wz should note that this
arranpement is extraovdinary, both in the unprecedented Jensth of tiwe
available to physical oceapnography, and in persittine tne vessel ©o operate
far northward of aov area thus far econsideved vithin (he scope of Jcelandic
fnvestigations, 1t {5 essential that we talie advantvoespe of tiuis oppertunity,
both to recover the current weters deploved last vear, and to fully utilize
this exceptional shin in furthering ovr investigations in the Greenland Sca.

The primary objective of our procrau must continve to be direct
current reasuvrerents. We thereicre propose to caryy out this coming sumrer
extensive ncasurcments uvsing drerues, Theve are three reasens for this
decision. Ore, before ceommitting funds to further meoved arrsve of cui-
rent meters in the Greenland Sca it behoves us to evaluute our first toor-
ing attexpts; this, of ceurse, cannet be done until ailcer next sunmner,
Two, the use of drogucs i3 a highly relichle form of current measurcaent,
so that our results are in a sense puaraateed. Three, we have had three
years of experience in the deep western Bering Scz developing the techniques
involved, ¢nd we feel that we have achieved a fairly high degrec of couwpeteicy
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4 Cironolauzical bapeaiizon e¢f tne Projeci

On 16 June we wore inforred by the U, 8, Coast Guard that they could
ot acconadate our pLrsonnel cud equipnent on beard the Wectwena, as bad
heen plenniced., A subscounnt esbmistive eavch dadicated thiat ne sudp of
opportunily vas available, neither in rurepe noy the United Stateas,  The
most favorable charter arrangorent available proved to be the lcecelandic
Coast Cuard vessel Arvasur, o liphtheuse tender of 350 gpross repistered
tons. The charter was for a mininus veriod of one ronth at $20,000,  An
acceleration to the contract of $11,000 wves appreved by the Office of
Kaval Recearch, and all finereizl and logistic arrangients were conpleted
prior to the charter coumcuccuent dote of 29 Lugust.

The design, purchase, ceonstruction, and esccrbly of all iantruments
and roorings had been completed by eariy July, Jle voorings verce assembled
at the Yoods liole Occanopyanhiie Institution, for rcasons of time and con=-
venience. The eauivrent was then shippea to keyhkjavik, Iceland and in-
stalled on boaxd the Aimtaiiw,

The endp left Revkjavik the wmerning of 30 August and procceded to
the nooring deplovinent area in the Greenland-Spitshergen passage, Ve
should nete that the first veek iv Ausucst a serious complicution had
arisen: the Arociia proved to have no echo sounder usable in deep water,
whercas a precise incwledpe of the water depth is required for nooring
deployinent, A lease vas then arvanged for a precision devth rcecorvder
from Occan Sonics in Californis and the onuipront air freighted to Iceland,
The iustrument proved to be faulty, and a totcl of six days ship time was
lost effccting repairs at sea under prisitive conditions. The kind ser-
vices of tune station leader at 1sfjord Radio, Spitsberpen proved indis-
penschle, The tliree moorinpgs were {ineily deployed on & and 10 Septeuber,
the echs sounder difficulties “aving forced relocation of one ol the
wmoorings frem 2000m to JOOGL Acoth, Yach nooring carried two current
meters, and their deployment was as fcllows: mooring ifl, at 78 ‘33" %
2°21" L, in 2405m deptl with current weters at 121m znd 1305m; noor1n~
#2, at 76 JD'H. £%'L, in GY2n dc :th, with current meters at lidm and
942m; wooring #3, at /8 37N, 814" F, in 982m depth, with current meters
at 132m and 532w, . The delOYhCnt was successful in every respect, and
the acoustic release ucat the bottom of cach moorive replied upon couw-
mand after emplacement, indicating they were upright and functioning.

Tho ship then proceeded northeast, into light winter fce, and at
81° N, 16YE began a scries of cicht detailed chemistry stationg north cf
Spitsbergen, in depths up to 2000m, These stations vere desipncd to
elucidate the entry and mixing in the Polar Basin of vater fron the
Weat Spitsbergen Current, Lsext, eifht hydrograpliic stations were taken
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around the roored buoyvs, for the puiposc of determining the internal

mass 1ield and {ts relation to the n:asured curvents., Finally, 2 scrics
of 11 bydreprarhic scations alenpg the Greenwvich revidian from 75 to 7274,
and betveen Jan Meoyven and Iecland were occvpiea,  ihe ship arrvived back

in Reyvkjavik durleg the aftcrvoen of &7 September, and 2ll equipnent was
of f{luaded and trucked to Keflavik the szre aay for shipment to the United
U e i

atates.,

Arong the difficultics occurring during the cruvise werce poor
navigation conditions (much of the time we had only one Loran line and
@ taff rail log) and primivive bydrographic cquipwent, Ro problens
proved bevond sodution,

Peduction of the hydrepraphic deta is proceeding apace and should
be completed in carly 1972,
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Descriplion of !eorinas

A typiead raoring, as denicted scl eraiically in Vig, 2, is moede up

as fellows. At top, stlrerped sowe 70-8 nelew the surface, is a stecl
float, 4 ft, in « cter, and with a net buovancy of about 1560 1b, It
was supplicd by Gl oF Feluouth, lozsachugeiis., 03 gpecial order it was

4

& e 8
igh for corivsion reuistance purposcs.

provided witiv a Direteote {ins
Using 3/4" palvanized safety ancher shackles with stainless steel
ping, & sccoud float is comceted innediately below the fivet,

Shackles of the come vtvpe councet the second float to the top of
the mooving line, which has been eve spliced ana fitted with » galvaniced
thinble, dhe wooring line ds U/16" plaited Dacron of 8800 11, uouwinal
vated breaking strength, 1t ves supplicd by Colunbia Hope Co. of Atburn,
New York. Saupies of the praduztion orvder werce tested by us on & teasile
strength nachine, so that ve mipht zccurately predict tiie stretching
under load and thus place the floats at a predicted depth,

The first wooring line torminates in a 316 stuinless stee) thinble
fitted Jn an eye splice, Unfortunacely, the rope sunplied by the menu-
facturer was oversize, and eince the thisbles had already been purcihased
and time did not perrmit reordering, a short piece of 9/16"plaited Dacron
fitted with the thinile, had to be short snliced te tie main vcoring linc,
Considerable care vas taken in ail splicing,

Fitted into the thinble is a 316 stainless stecl double-cyed plate
speciolly machived to coincet the current reter to the mooring repe, The
current eter itscli scenses speed with a rotor maguetically coupled threugh
the pressurce case to the rear train, Directicn is sensed by mauretic
orientation of the neter, which is equipped with a large veae «0d s free
to swivel., The reter also carries a temperature sensor, All data are
logged in binary {oerm on raguetic tape. The reter i{s supplied by ivan
Aanderaa in Bergen, horway, lic had chonped the clock cams and sear trains
on four of the neters to set the saupliag vute at once per hour, thus en-
abliug us to reasure for an entirve vear, 00 tvo of the six meters, hou-
ever, we usced a sawpling roce of once per tern minutes. his shiould enable
us to hetter estirate the cficcts of sparse fiulte sanpling in wnat is no
doubt a flow regime with fuirly hijgh accelerations.

The currcut meter is battery-powvered, as is the acoustic release,
and we took considerable care to mininize the possibility of battery fail-
ure., The battery purchase was made from rresh stock just before departing
for leecland, and the batteries were all refvigerated and haud carried, be-
fore deployment they were tested uvnder load.
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The bLettom of the current woter is jeoined to the neut nlecsz of rooring
Line exnctly os is deone on the top, and the sezond current weter is gimilar-
iy fitted into the rooring., At the boitom of the thivd wooring line, belisw
the secend current meter, the acovst. . release is connectad by 9/16" stainve
less steel safety shaci 1o and piv to ole stodnloos steel thiable-fitted eve
splice in the moering line, The acountic releare is desipned to reply upon
cotmand fron the ship, for locatiny puipores, A sceond conmand peinits
firing ¢f the squib-activaved relcase meochanisng after release, the instru-
ment emits acoustic sigrals continuously to aid in recevery. It §s 2lso
cquipped with & L..t-:c‘uxnl device and acouvstic reloy to deternine ite
vertical ovicutatiosn u,.t. The comnands utilize a {ive-level coding
systew to prevent actuation by arbient noisc, and cach relicase enploys
¢ifferent frequencies.  The dnstruscent is manulactured by AMF in Alesandria,
Virginia,

The velease wmechanien is connccted to chie anchor repe through a 316
stainless sterd ring fitted throush a stainiess steeld thinble in the eye-
spliced anchor rope. Tire latter is & 20m lenath of 7/¢" bLraided uylen
with a nominal rated breaking streppth close to 20,000 Ibs, Thne lower
ena of the anchor vope iz again ove spliced, fitted vith & palvanized
thimble, and conunected to the anchor bridle with a 3/4" galvanized safety
anclhior shackle (stainlcss steel pin).

The anchor is of th- Stlmsen type and cast in two pleces, totaling
5000 1bs, The picces ave joined by heavy weided straps, with chain
shackled on for extra safety. Jhe anchor bridle is of 5/¢" galvanized
procf coil chain, and J/q palvanizod safety anchor shachkles with stain-
less stcel pins zre uscd throughout. The anchors were cast at hWaterbury
Foundry, Waterbury, Corucctient,

The roorings were deployved fron the opern fontail., The flosts were
laurzhed first, wvhile the ship raiatained steerage wvay. Thie both ennbled
the siidp to steer alongz a depth contour to naiutain the predetermined
lauaching depth, and it also kept the mooring line tausght as it was being
paid out, Thiz is absolutely essential, The moorings lLad been asscubled
beforehand, vith all splices done, thizbles fittad, cte.; the complcted
mooring line had then been vound en lorze salliet reels fitted oa a frame
cquipped with dual hyirauijeanlly coutrolled trailer disc brakes. The
frare was velded to the ship's deck, and we thus had very positive con-
trol of the mooring line as it was paid vut behind the ship. Vhen the
appropriate awount of line had been paid out, the line was stopped off
by & device desigred to heoid the thinble-fitted eye splice without
damage to the 1cpe. The current reter was jeined to the rooring line,
and the wmooring [ire pald out apain, This procedure was repeated uatil

the entire ro. line with instrurments wvas laid out abaft the ship.
The anchor wvas pushed over the side and the whole array allowed
te iree-fall, nstant check vas rade on depth and position duriag

the deployment., After the mooring waes in position it was ucoustically
intervogated,
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