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'The need"for a. ' ~UQIe r·l~ai .·~de1~o pred~c.t.lce~er& ~df~ ari~es

pr1~;il; ~d~e ,t Q;i:lIe ..hUaTds \hat. '1 ~e~ergs , pr.eee~t t o t~e drilling

v~aBe1B and pla ,tfQrD +".th~ otfs h':' te areas ne.il~ Newfo~nd.ly.d . an d

. Labrador ,'

it. 'dynam1 c., mod~1 h~ II , l> eell developed 811d -"'a e.d ·to· etudy' the 'behav 1Qu r .

:.~! ' '1 C~~erg~ ~nder. 'du t~~en,t. ,~1nd' ail~ '~;':"rr~~ t c. ond1t10n~ . ':



. Thi~ '-~ tudy Me'· detllOn8tr~,t~~ ')th~ II1pOr t.a nce 'of e~"'-h of the ~~vi[on

. lIl!ot a lfoI cefl "in Cl ude d i n the u.Odel . A goo d Jlred l c t b n of an ieeber g

\ .
't, "

. " .

for:L~~bers'!. ' d r ifting,'under ~ I:be envirn~nta:1 e~nd :i:t:f.on8 ' t:~U8ht to be . ' .

~eap~~~i~le"f~t : ~hifl ' s tr';;o~~ : b'ehsV:Lo~:r . ,~ea :La ~be DC~~ ~Urf'ace , due •

. t~ 1~~, ~r~ 8aure ' ';et e lABwer';;," .f ,oand.. u~iog' f:l.;'~t~ e1el1le~t ~~~a~y~ill: " ~~
haVe ,n o eff e<:;t. OIl" the: curren te , and hence on t he :Lcebe r( traject.ary •... " '- , . ' , ' " .

:-" , . .. .'.. '.
drU e tIljecto:ry 18 ''; .. 1y possible ,u ell the ' env1r o l]J:llent a l for ce .. .ire

. a~counted ' fo r Ilnd~et~:Li~ '.~~i"nd c:uire n t. d~~a ' ln' ~he '~111t~:' V1~~~.: ·
i ty ,o f the :Lceberg ~~, 'Well as g,oOd 'eat iaat:e a pf iee:b~r8 pa~".etere lire; .

~'181lable 88 :Lnput ' t o', fbemOd~i .
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cold utili ': ation) ~

. \..
;.- ' r' :, .: ,

1.1 bd.~d •

/~ .. , ~II~,;~er , : . of .t he s~~~~e~ nemi~Phe~~ areproduce~ . by , iC~ ; sh~lye ll ' ~; .:

· t he ' : An~c t i'c: , Theee · i ce be rg s e r e mai nly of tabu1Pr ebapes · and .~~ be s;

;oo,~. ~10 km.... ";h";"" ~' .;h';' ~b'Y=. mbb on' ~, ••;..

v!v e fD .Col d wat~r f or many yea rs; .: ·
~ . .

'I '. ';' . . '-,.. .

.-~ 1 ~~~.r~8·.·. ~t t hj ".N.'f.e= .ftem.ia?~~~~ . a.~e pr.odu.ced · ~~OIII · th~ .~lal<i er~ ·
of Gre enland , t he Northeaatetll C~adian Arctic , Spitsbergen. t hfi' Si be r i an

·~81an,~8 ~d '~~~~illite~,Al~a~ . : The .il ~"-~ ·.vb: r e iCe~~rgS ' .a re ,rno;>tl t f~e-. .

. (

. : ~~at>~:PPici. g ,rout~O ' O fhb'o;e ~,~U~ing pia7fo~9 a~d b;ri~d pipel1c es or
I.,; cobl: b.. . It: ebecgs ~ ' we.~~h~ng up . tD·:teil. 1Il1¥1011 ton~ ~y p.r e Bent a t hrea t t o

:':" t he , d~velo;naent of 011 ex pl or ation bY ·dh~upt1l1g ~r .del.ltI:OYing o'ff aho re

',.....' . , :~ ::'::,:~ ::~;::n:~::::~::::P::::'::.:',:'~::~:f;'ho" p,tt"'_

,,1.l'.i~~~y . ~Ceb'~~g~ pre·~~t. · ~. pote~dal ~l~tiOn .t.o wate r B~P~ly , p~~lemB
;~ a numbel\ of dry .ar eas of t he wo:dd ,"sp ch as th e de serts of .Au'straHa.

, .: , ' , -- -';" - _ I' ~ , : " __ ' . ",

t aaie aod Saudi Arabia . In view of th e fac t t ha t 85 per, ce n t o f t h e " odd ' \I

. . • ' ~V'dlab~eY·f re8:...ate~\l!~~d~~ 'dll i C I! in th e An~rC~lc.. , and Gre~1l:1and (lIeek~ ' .

.
.'~.-..1.' ·. \i<C; ~ -.a rid CamPbeH~ .1~73) : .t_~e .J~tei~s t is _ p.r:.8~ntlY Jn~e~B1n~ ~ :,t bl! , U~llb~t~<on

' ;.. • - . ., of ,i ceber gs as a source of fre shwat er .~pd other seconda ry a pplications (e .g .
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. 'lu.. ;'Uy· encountered and <.ma n the~"in:~rfere moat Jith 'ilii~'8 , .et'ivitiell-'·8re

in Baffin' Bay ; : th e Lab~a:do~ Sea an d , the'G~.andBank8 of :N.....f~~~dland " Th.ell~
i ce b e r g,1I are Qn,tl?~ ' aven'ge llII1ell. w.aJ.ler . t han . th oa e of theAn~"rcti~ and

have very ~~ratl~ ', shapes , Ic:eli~rgs sel~?"i exc~ed .a ' ~ew kil~~t"rs 4,':;' {erigth

;;"d by the t~e ' t h e y reac:~ "th,e ~uthern. 'Lab r a do r 'Se.a th"y -an! ' rllre.1Y ' lOnge~

' . "" o ne k:l- .l~ter,r Of ab~u t 40,000 i~eberga .a.fin~lI.~ lY" P rOdU C.ed 'bY ~~eenland
, gl~ciers. 'only aD average of 380 cro a a the 4SoN latitu'de ,(Hur r ay , 1969), . , -r

H,~~ver · dU~1nt;:."the 19 7: 8.e." s,: , a record ', o~, ~ '-5S'~ if~berg~ , were" ,~nted .by

, l c,a. ~atrol sOuth of 4~ N l a,t itude , Moat of th e icebe:rgs d~ift over -e period

o'~ One~ t o two .yea rs, ~cr~88 Baffin B~y a nd t~rOUgb the Davis ~tra1ta ' i ':'t O.. t~~..

Labra~or Current , ~Thia cu r-rent; carriea .the.d.ceberge southward to t he Grand

II;I;' k"a of "Newfo undl an d .

, " I
Ic:c:berg Ha za r d s to Of f shore Operations

Wit h t h e exception o f ' human error," the -iceberg 'pr obab l y po s e a ths

largeat thr~"t to Eas~rn. Canada' a '~ff"hore oil dril11~g B\,\dproduC:Uon

op!=- rll~ions . ' · h v:!-e w of the ',ih~dJ;'ocar,b~n p O,t en tia l i~ ' t h e Labrado.r " Conti~

nent~~Sh'i'lf an d the' r e ';'nt liiacovery ~f ';11 in , t~' Gran<\B~kB o f'. NeW~

.' f0\1.~d1an~ ; t~'e ~eed h~~en f o r : ye~~,.ro~~d ' op,era~~~n6 and , h ence, effe~..,

t ive p ro t ect i on from iceb~r88-f S1ll8.11 'and mediui:Dicebeqs ~re t owe d awa!
. ' ' . , . .

while t he b i g one il can be avoided by moving t he ,platfol'm " Dynami c a l l y

:·~ti~.d ' dr~~1ng :easela can e vade '~ Ceb~rg S,bY f~t' dis c:onll~ct ~r~ce~~"(e~'
and subsea ac one t.a c r~-entriea , Both atrategi es require a method to i d en- ·. ,, ' . .
1:1f 'y 'a dange r<Xi~' iceberg "'::I,t h lIu fficient l ea d t ime to adopt a .de f e n s i v e

uetio~ . DeIllPBt~ r ~'1979) ' ~gg~s ted ~ opf!r~tional Procedu~e ' ,to ~e.'t~ll~ed
'b; . r i g ope ra'tore' to a~oid iceb .. rg co llision using a hy brid .dyn~ic: /kinelllati c:
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' ,. An. accurat e .model t o .predict ..icebe rg drift em r ed uce the r1B~ a f

cal~1B10Q and the t1lll e and . coa t . o f unnec e s8!' r y. t owin g o f . 1cebergs at .

remova~ of the dr lll1ng :ve s s el.

1. 3 .S t a t emen t o f the Pr o bl l,!lll

The pur pos e of th18 study ' 1s 't o dev e l o p a n accu r at" and easy- to -

, handl~~de~ ' th st. ~~n be "," ed o~ t~e d~ck '~f a . d~ii~i'~~ vellse l to p~e
diet ~~e- drift of iceber gs .

A ';'S ~,hemati~~i ' 1Qod el ·t o pr~dkt .th~ iceberg dd f t tr~jec,torY ha~ a

' ~eW , p8~81lIe t ~rll whi c h de pend 'o n th~ , c~;'rac t~ri~t1CS o f ·'i ceber g s (e .g-.

mass , ar ea under a nd above \la t e r, dr a g :coei f1 c i e n t s -i n \la t er a nd a i r );

and · th~ ~red1Ci~d iceb'~r.~· traje~tory of 's;;~'h a 1QOd~~ ' 'de pe ftdG 'l ~rg~:lY
, ' .

. upon t J.ui.input .ta t he lIl~del which ~;t"e the ~nv~ronin'1:!tsl f or c.es , (e .g .

~~d and _ curr~nt veloci t ies) . ~e va11dl~y , O f. ~auch a mode.! 18 balle d

OD t he 'COJ/lpari.ll on o f th e predic t ed t raj ec t ory wi t h th e observe d ere j e c--

.' .. ., '

· t ime a 1'.'" pressu~e s ys t= pas s ed . Over t he. a r ea ca using deviation s
· .. . ~ ,

f r olf: t he ~egU1ar ' i~eberg trac ks (Figs . 1-1 an d 1- 2') .

Though detailed d;;'t a o~ i c eberg dri~t' traj ector'i~S and wi nd J

\
..ve l ocity 18 availahle , t :tter e i a 'liDIi t ed i~fonnation a bou t the para-

, " ~tera of ~he :i.c·eb~'rga '~~d the . ~'rrent velocit y near Ch'e i cebe r gs· '-' . '
unde r iDve~tig~t10na .
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t rajector iU whe r e deta tl ed lnfomti~n abou t

.' .". .- . ; . .'

c.ur l"e~ t da ta 18 .'Ya lla~le ~~ an e ffoft is .mad e to ...ri.... r e·.lecb..rg .

"pIor _ t e n ullill' in foraat ion publ~llh~d 10 tbe iiterature •

. . ," .. ' . -. .
l' 1nall y t h,, ' r e au it . a -re cOlIIpa u d t o t he ob ••rved tujectodea to

. chee k t he va Udity of ~ht=.ade1 :."'" .
~ ~ 4 n.ut~· Ou t·Un..

, . . ' .
• •Cha p r e r .l ' h a n tnt ~odutti<m .

. . . ' . '. \ '. . ~ .
. Chap t e r 2 pr e a e ot s the '[" l ev o f pi~lo..... fi eld , t heore t i ca l and

' uper l~ll [al · ~ ~udl~. on iC~bcrg drUt .

Ch..~te'[ J d~;'<: ~ lb"' 8 the mat hematical IIIOdel '~d the BeleC~lQO ~'f th e

. in pu t ' ~. rume~e~. to t he ",;,odel : ' .

lQ" c!,-pt~.i' , 4 .. de tailed ~ tudy' h , r en nt ed OD. a n oblle~ed 1ceberg

__ .' dr H r t ra Jktol'1 {l2OC~ Fli . 1-2 1 rith aD l~l!!guiar U- turn t hat t oo k '
• • r , - . . . ' ,

?l~~ 011.'1:1,, & .. a to n:lo. A lIA1:-.t l:!.C: s t ud.y on en. i c e be Yf; dYUtinf, i n '"

.s te.~y l eostrop'h1c c'urrent h , pre8.~ted '- 1~ uoll.-d1_~.1 Il.l181 ' cQOrd in . t ...·. ·

. '. ;. . .
g. . pter S pr e s ..nt . ~.11d. of th e o.bserv ed u . j ec.t or i ... . 418c .. a-

: ' ,.-
. Analog· -c~put~r·a~. t1oa t ..dm1q..'e• •• we ll • • Some pr-.ct1 c:al .

·.PPU~.t1on. 1 11~1~d1nl lOOp~n& . a~' api~.·l lIlOt i on of 1ceber-~8 a u pr-e;. ..'

ee lI t e d .in Append L.. A.

It. f !n ite aleme-Ilt .tudy 00. the eff.c t o f chan l " ill -oc eaa. aur-fac e
", " ' 0 '" ' • .

e).e vaUOII whi t b . r e c.ua ed by 1:0" a~.pher1e pr e.....r .. lly8t ..... on the

oc ean ~ ...~t ia· p~e..:uted lII ' AppeQdb; II.
. - .
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REVIEWOF LITERATURE

2. '1 , Fl~ld. Studies

" Smith (1~31) pr esen CeS ' gen~'~al 'dr ift patterns of iceberg mot~on u~~er'

t he influence of 'ocea n cuir~nt~ and ' ~ind generated cut'r~~i:.l1 based 'on ic-e-
I ' " ' - ,: ' ' . - . ,

.be r g obs ervation ~ear t!le Gra nd Banks . -':P .os.t (,1956) has s hown. that t he

drif t ~f iceb~rgll in , t he North Atlantic ' is main~y due eo-ene ce la r.t ve .
- ; , . _ , ' . ." .r

s trengths ' of t he .~abradorcurrenL and t he GUl~. 8trealJ. ,._ ~ . Kol ,llleyer (1969) I

Brune au and DelDFs'ter (1971j;- s nd Dempster and Bruneau (1973), i adic'are d.' . , . : " - .
t ha t wa'te t curr ents a re the , p~1lnary drivi ng - fo rce : I ceb ergs v,1eb 'l ar ge

draughts . 'ar e foun~ t o ~e -itiflUented'atron~i:y ~Y 'deep steady cur r en t s while '

IlIlla.ll bergs are 1II0re ' s ens i t i ve eo wl nd-'induced su rfsc/i cu rrents • • The. . "

4irect ,W iC~ force' QD , th~ above"wa t er porti~ of, the" f ce,berg - is ~onaider-ed:

t .o be significant if t he Wi Ud,; speed 'i s: gr~ii. t~r , t han fifteen~(1. 72
. .

". fJI/s~c). snd its directi?" is con~tant fo r periods ' of t he ' o rder -of days .

De..npster (1974) , car~1ed ou~ 'fie l d o~se'o/ations o~ eighty . :l;ceberg8

and .oc ean currents near Sag lek, Labrador. in 1972. , -Tl\e atudy i nd icates

that the main ~n£1uence ~~~ iceb~rg -lIlotio ns _'is the ~trOng"Labra~~'r ece-eee ,
" " .

o., s~i-diurn.a1 cur rent ,a ~econdary cur -rent r e sulting f r oll a bottom. - . , . . .
" .effect, snd. f~r a brief' period . in~~~ia1 cu rrents r es ul ting f rOlll th e

effects of a sev ere ,s tOt"1ll;

. , -ac eeen. (1 973) ~res~nted Ul:l1d m~Bsurements ~f" the ' ~urreDi ' off the

s

\ .



",. . . " . : - .
th!, _ of tM _an .cu r r en t ve loc:1 t y .and ~ome t n nd onaa tlotl of .the . C:r an8- · ~ . :

l . t ory cOIIlpooen t of t he curu~t . ~e IItudy ·lndicued .t h&t t be ieebe rs

,.

.'

co u.l d be ClIualtd b y i nertial c u r r e nt e f f ecu .

. ." .
• the v1ad ,aOO current Cor ce. ua :Lag ill kJ...-~ic: .od.l t o ilI.p'pr o ll t.a t ll! t he

. ~ dYnaatc eq~tlon. o f .• oti~ · b y .sawa!ng ~b~t ' :Uie l cebeci veloc 'it",. .. ou id b.

. ' ." .
moved ,2 . 5 tlmesfaste~ than t he c,:,rreot a t dep.ch o f 13 118te re .

····,/1
' J

.~

l
l
j
I.

\

' 1 '

R":"Sl'idl, ' Ri ggs and Robe (l~ 17 ) r e po r t ed r;;'; _ Held etu?, on tv,:,' i c e':

be r g... 8?d"?n;'& l~bor.tory ~Oder. 10 t .hll ~ield .t ,.:d~ two ic~tiet~. w:er'!'

tr.ac ked for ill number o f da ys wl~l1e dr~ue~ _ r e ' u..e d to . 1II~a8ure the <;1,11'- .

r e n t s in the ...10::101 t ,. . The relative dr'U u between th e iceb~tga,aodtvo . .
. ' :.,.- . ' :. ", .,:" , ; ' , . .. . , "

d l:o gue ll ( ooe Dea~ th e .u~face and . t he eenee a t • depth o f loo II) . ve~e

'l'ee orded • .Th~ anal";~~ bf t he 'l'.. IJU1 ~ 1It j ..... U.e.8te~_ tha~ t he . ic~e~g \aOVe,f

. cfye c:.J.ou17 to tbedui> d~og_ . 1IIIl. ~hat DO 8 i .ple ' eorr~18t io.. wUh t he , .

local v 111d field vaa fo tmd.

J
I

j

.. -'"- ""'===,,""",.., ~J
~~~-:--; . :.$±.$i~~- r ' ~~:<: '

:Ri gg e , Bab.. , Sull1V1Ul' s nd" Ru. " U (1979) 1'e pol'te d '00 a - field ..t udy
.. " , __ . ' I • • , . .. ' , . '. .

. . . " ' -.

a nd t idal _c urre nts predoatnat e over wi nd d;. i "and n_ ..ind.~riv_ current. ; .
• .' -- , , , .'. , '-- , " , - j .. •;. " • .
~here1l8 - at wi nd ape e d o t .oyer .ten kno ta t he win d ~a. a .aigniuc:ao.t , d iec:t

o n 'the drif t of an}cebe~g. The .r ·at;a, a ; . th '; dl' ag eo.ffieie1lt for t he

iceb e rg ' liI. above wa t e r portioo ee t he d rag c:oef fiC:i ent fo ·r i t a a ub mer ge d

part1~n . , .f ouad ta",~ange fr~ · ~ . s 'f~r at;onl\ /;"i nd8 .; a pprox m:.. t .8IY• 7

fo~ ., ea k -" i ade :

. :-.''.
. Ett~ ;' (i , 14) l l'e~"cted o~ a H!"ld oburvat1~ by. t he u.s , Caut Cuud

- ·OP d gh t ic:ebe~i.. 10' tbe 'pe r 1od of 19 65- 1968. "r e 'va a f ound t hat:at I_
• - J • "

wi nd epe ede th e e ff eets of p.r-aneu t eurr_t";, ol de r v i nd.-dr i ..1in c:ur re n t s

I
I
I,

I
L
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' c arr1~ nut 1~ the aUlIIlI..ir ~f '1978 ~here f oui-hundre d i ce be r ga ...~re .t r a cked .

b! a rad~r 'atat ion fo r ped'od8 of ' up t o 275 hour~ : ' I ceb erg ,size and. aha:pe

" . well a~ , eurren~. meaaur~~t we':';"- '~b ~alDe" .~ -gene r al r_~la t l0":ahlP be-

: ev een e he c~rrent pa tte rn and t he '·iceberg tracka wa s ' observed . Some ice- .

~erg t r a cks , ho~ever . elthib1t~d . signi;1c ~·nt ' 10o~1ng 'a nd Curvi~g d<!~.:1ng a~d .:

a ft e r . th~ pa~8a~~ »i .l~~ pr~88ur~ 8;1I~ra"~hr~u~~ ,t ,he, ~rea. '. ' The .g;ratl~~8
ilnd pe r io ds of t hes e l oops ,we r e muc h ',i a r ge r than t ho s e reporte d by Detnpater

.' - ,- '. ' ..

. (197~~::: ::::':'~':::::1l .: ;<;" ~;'d ,".dy '"~i · l~.~.<g,
' t r a cke d by th e NI MBUS":6 aa teliite f or . periods .f roID., 138 ' t o 20 2 , ays The ; ,, · ·

. .'0eb~~.g~, . Oh. 'se~~~ ' .a~o~g. the .B a~ f ~~' ~Slaild .~oa.' st . wer~. , ailroun~. ' . ~m, B% t o

73% of t he t ime . Maxilllum daily average speeds were f d t o be ab out 0 :6 '-
• ' . ' " " . ' " , I

Ill/s ec . The drif ts were found t~ be ge ne r ally coa s t wise' in a a?ut he,rly

direc tion .

. 2 .2 ' Theor'etica1 Studies

Sc hell (19 6 2) e~t~at~d the drifts of ":l.c eber gs due t~' o'ce at. ou:rren~a

e~d ' Win d- g'e ne r a t e d curre~b and. :l.n.;licated that ~ind ha~ 8 sign;ficl~~ ,,,,f f e c t

.·o~ 't he. i 'Cebe r g if' ti"~ont :l.nue8 .I n 'on: ' d :l.-':ect :l.~~ oYer a 10~g

period.1
". , ' , ' , , .." ", /' " , .,' , :, .-.,

MU~ray' '(~69 j I dt;';ues~ . t~e: factors that a ff ec t ,th~ dt!fte ..~t,:A~e'-·

hergs .....J. point;d out theeffic1.ency ,o f the statiBt1~a1 appr;ach i n ,t he

determina.ti~ o f the~r ' ddfts .

:,> ' . . : . . . . . . . .
Coc.hka",off . Grah81ll, arid Wa rn e r (19 71) studied i ceb er g ~~'ion un d e r the .

effect o f water , c ur r e n ts an d Corioli~ ,f Qr ce . An analog .compu t e r model "'811

uae d ,t o so lve the diff.erenrta1 e qua t :l.ona of ." motion . In t he mat hematical
. ' . . , ' . ' J

,
I

I,.
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'1
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j
I
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I
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model , the dalllpi ng .tot~e wa s aaa umed to be pr~porUonal to , the. sq uare' Qf, ,

rel~tiv~ 'V.e1~~itYQf ' water cu r rent wi t h respe~ t. , ' to 'thl! -'i~;;beig . The" re- '.

sul t .s 1ndi~ated ."t ha t f~~ l a r ge .coriolia forcea ,tl!la~ive to d:a,~ :.nd " i ne r-

t ia forceB ~ tb~ lIIOt.ion be C01llea more oB~Hle.tory befor e appr oachi ng ,me
"' , , ', " '.

current di rection ;

sod~i and Demp~ter (1975) pre8ent~d .the' '~eaponBe ?f ;l.ceb~r~a due 1:0'"
" , , "

~ha~8ea i n vel!lct.ty ,of wa t er . The equa tions of 1llotion wer e de r iVed by

aaaUlllin~ t ha t ,t he watu dr ag fo rce i~ ' ~r'O~rtional t,o- ' ~quare 'Qf niat:Lve

.' velocity of the ,wa t e r w,i t h resp:.~ t to t he!cebe rge ~nd asa~ing tha~t iC~

,be r ge , ~e sp.on~ .~in~y to <:~,rrents , thua negle~t,1ng , th~ _"';". of CO~iOl iB

forcea . "Exac t '" ol ut i ona .we r'" obtained~, t wo cases _' rota ry 't i da l cur-
l' , I " ' " " , >. '. '

, r en t s , and , lIudd,en change of t rsnslatory cur ren t veloc i t y.-.. .. ' . .

, 6h~~ and ,Af,uj a ( ~9 781 us ed a ki~emai:i~ m~Od~~ t ,o analy,"e ' the ' av'-n-

' ab l e d~ta o~ !;:~erg drift 'i n",t he Grand Bs,,;s, Anthiel"odd ' .th~' " ';elOci-ty
. " ,,', , • " , ' ,: " I ' "

•of icebet~ is . 's ls,"umed t o ba directly. pro p: rtj:onal, to . ~urr~ntvel~c:1~y,

Baeed on t he IIl udy , auggeati ons have, been made t o improve the fptu re da t a
. : ' ". f-. r- ' ,,' , , " ' .

" colle~ tion ' a ~ t ivlt1ea .. . .
" ' ~

Mountaid (19 79) , 'has deve loped 'a oUlllerical model to pred1<:t i~eb~rg

drift, . A four t~, order ~ngS--K~~t~' teC~i~U~ ~a~ u. ef ' to ..integrat,, "t he

'; qua r i ona of 'mo t i or: Vht):h~onB'ider ic.eb ;t'g ' ac celeratlo:~ ; 'the w~ter dr a g •

. the ' ,s~r drag~ t he~lb aCCder:'t. i~ , and . a ae,!,su~fec::l~pe te·n.; ·' I

Teating of t he ' 1it~~l ' '~ei· long per16dB .of t ime: uBi~ obBerye~· ~~'~fta ee..
lceb~rgB , 'a ug gest ~, ~hat Illode l error ' i~ ' 's omewhat r,,:~do.m: i n "nat.un; ':--"'d pro b

ab~Y o~l~in~'t.ed "f~olll: lnaceur.adea" i n t.he ,c~~ren~ sn d Wind ..1nfotlllat1on sup-

.' pH ,ed t o t he modeL



"

to . ; rudy .mot t ons ot 8~h.C! ric.l a~d c"b1~.1 .ell1f- 1mIIl~r&~d Obj ~C t8 lII4~ e ' ~f .

p8r8ff 1n ' ~all; who s e Ilpec:Jtc: gravity ..as ioughly ,~h. 8ame aarha t gf l u- .

. ". '.. --- . .
of· steady- . u ta dr., c:oef f i d eti t . <=no dete~n.d. in t he .-:>de l Btud~ _~e

lower t ha n T~lue. nonaU y quoted fo r . icebe rg _ cloa . This 18 du e t o t he

• iucl. uaiOD ,~ t the ,i n.r tial t~m. in t he" d,~~ f ? r ee . 'I.....tim:.""It .... . po1ll.ted.

ou t t b.at t he pr ac:t 1c:e o f 1.&Dor i ng t~ 1.nel'thl dral ten a M in.:.orporat ~nl '.

• the 1ne~.t1ai. .:.o.. fiid~~t i nt o . "th~ .t~.d )'-.tate· eOe ~ fi':'"1ell t &.a )' l e ad " t o .c

, . -l
/'
1
j
I
i

I
,j ,
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i
I,
I,
i

I
!

, ~

". ~. - ,' : ,' , . " !-,
Napol eod U! .19l pre llell t~ ~ev~.lial U_~~.l d~c~.~~~r. Pl"\" .

d l c:Uoe: of i c eberg drift . ID a ddi t io n t o t he . nvtr_ nu.l l "", d i ng • . l e _

o b u g rotat~on' .~ ace.ie r a t i c·Q alr~ateJ: er~,.ol:~1tin ' 11It o e0ll.8:l.d~r~t1~· fo r

-. ~~e ddf~ · .u~j KtOry prAdiC.~-iOn ;· · Th: r'e.~·li~·' ~:';;" lo:.l t..d th...~ lC"berg"r~t~

tl~n, ca ... dr ....~1c:.1l7 al t er ' rbe d'r U t and tha t ~r101b for~e ~~\_ .i~pll(l-

ca n t .e ff e c t s on . lc ebe rg d t;1ft . . ' .\\;

2. 3F E;;pe-.:ll1leoncal Work

" .rrOD~U8 -d r a" f o r o;:e' .t a l e ula t 1on s .

I

I
iI,
i

L
.1'
i '

"

~ "

, \

\:



. \ The drag fo -rce due to t he vllter,drllg is proportioM l to 't he ' sqUare

of t?e r.i!llltiVe: ~e.1~i:1ty '~ f ~ate~"with -r.~ ~pect t~ t he '1c~be~I!" : : th~ co~
s t an t ofp-ropo-rtiona Uty depend upon th~ o1~e"BDdBhape of the unde-r--wa t e r

;';rtion:"Of '~h~ ' ic eb e'rg : ' ' The cur;~n t is made of ~riy compo~ent8 . 'a 'f ew of

\
I

, ~\£R I~l__.
I CEBERG: DRI FT MODEL

·,
I

:,L:
3. 1 ·Ha l:hema t1. c al ~del ' / .. \. . _ , :' "_: .

. le,chu g ~tion .~.B th e n e,e { eauI,t of II wlde 'lIpectrWli of fo r ces w\lt c:

: vllr y : wi t h time a nd Spilt ';'. Some' of . chua f o r c e s are due to gra vity, pr ;'s- ..
. - ,,- ,.'-. ', - "
SUre " ~rad ient . ~l~d drag , _~~.~ er:- drag . ,Ce r i oH s effeetB, ' wave~ ~nd lIw~li!l' •

. S ~nce_ th is Bt~dY iai)lDlI~nl)' con~ed with. the hor 'i ,r onu l ~~emeDt ' of "";

bergs , only the hor'izontll l c01Ilpone n t s ,of thes e forcell 'need to be consid-

eeea, ,W,II: e - ',~nd ·8w.ell f~rcell irgen..r8~~~negl~~U~·: as ' I: ~~ i r ma:~?it~de\- .:... . . ' _, ·:f,
ia 1I1lI;"1l . in compll~1son to .- ot~er ~orcell in . the -h.o~.i~ on~al dire~Uo?!I '. n:e . " , j
,mat h,elll.ll. t i c.al mod.,i, d~,..crib_':'~. 1n:,~ the ' pr eSeDt , study, -t,~keB i nto ' a~co~.-n~ ~he ' ..'.... -. ".' '!.' ~
Big~if1cant enV:i-romn,ent~l , fo-r_CeB l d \le to wste-r .dug. wind . dral!; ?O-ri.OliS - . . '". ', . ~
llcce l'e ratioD 's nd lIel\ ourface a l ope (p ressure g-radient). ' ' ..' , , ';J

, . . '. . t ' - \

Tbt! BllIgn itu4'l ~nd d,i.rection Of :the., wi~d~lig force d~pend 6n,the

'and sillipe ' of ' the' ,above ' ",,~r por~ion',~f ' ~he ' i~eb~~g .
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t he ' icebe rg veloc ity to win d speed is ab~lIt O.OJ (Murray,. 1969) , sO t hat the

• relad~e" velo~~t"y of "win~>i~h .r~llPe~:i "t o 1Cebeig~1l , ~~~~ .~"' be t he w~~d
,:,e1odty i u eU in t he ' ~l'i'e ll 81on for w1,;,d dr~g :orce. ' .

The 'CO; i o l is force, caused due to, the rotating "f r ame ~f Tef~ren~e.

With the Earth, tends .ee EOve . the iceberg and the water "s urrOUDd1",.\ t he "

iC~b~rg "to th .. " 'righ~ oI-t~eir P~th ·~C1O~kw :i. ll e ) , 10 th~ "N ,;n~t<rn' He·mi~h~re .

i.n a " g~~Btro~hic' ,~urrent , th~ . preSB~te . gndlie~~ ,f or ce :due t"~ '. '~: " a"1 0~1n~" ~ ~ ea
surface bll1ances t he Coriolia fo-;ce due GO its e ovee ene;'. If th e icebe r g

IllOtion is no t', along a geon r ophic ~urrent ' di~ection;:"there a~e . two f,orce~

~ct 1ng on" th.\:ce be rg : "" t~e .corio1is force ' d~ " t o it'~ lIov·e~"nt and the '

prs.s'su re gradi en t d~e t~ the sea sur f~ce " s l ope .-, I n t he: ~re8ent '~ tudy , ~he .
", " , " :' . .. ' , ," . ' ~ " ..,

pr easure gr adi en t f o r ce i n 'each l aye r wi ll be lIl,,-pr e llaed as ,t he negative of

" ' . , " ' .
"· 't h·e ' s aine f orces ' w';ui~ ~leo 'b ll: acti~g , ~n ~he iClllbeIg t o ac celllla a . th e i c .....

b'e r g .: , So ~be, ,£ o rce. balallc lI" "tllrm 'mull t" 'in~,~Udll " t~I1II \lhi,Ch , take~ "int~

ac~ a:unt ~~. for"c"ei:cce~~r~t.~ng t he ' ~a~:r mails a:;d,",the "i ceber g a~ t he .SaMe

"t i me , and t h i s fo rc e "n 't he i cebe r g wil l be equ a l t o ,t he product of "lII~B" •

:'::,:::: ::.:~~:~==:,~m .'
--" ,",_...........-, ._,\ '
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• C~ft.llt.""~f th~ lce~erl ~d~c:1 t; ~ the x .aud y.~l- ·

re~t1I,)ll• .• 'U.pe C: ~ lvo:ly • • ' .

-: .ea-ponent a o( ,t he tun-eat ..d oc i e1 in t INt' J t b l.~r .

12 •

. ' -POd~10~ of the , lce~.;rg ' (1<' and ;- ':.:x~B ~re . i n ' t~~ ~lrec
tlou of e • • t ~nd Dor t b , r~.pec t ~ve1 )') . -:

M ~ . ~ 1ll8Sa of the , i c ebe r g and th._ .~d.d uu • .

" ';' ....... ~ f .. . t n d 1e plac:ed by t ha i ceberg 1~ t ha Jth i ay e r .
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, . 3 .2 ,Fa r_et en at t ha Iceb~rsa Under Study .
, " . ' . . . . .\ . . . . .'

,.. \ Si nce t he lII& ea , a re s an d dr ag c~ff1cienta at the i ceb er gs.under at udy '

ar. n~t ~. th'ea~ ' ~~'l~~. are e~os~Dfr~' the 'r ange ,'O f valU~~ quoted 111

: l~t~~t~e. '~D~ this .ect1~~ ' d·'~,~~ r ib.~_ .th~' ::_nner~ i~: ~~~~~ ' ~h. ' pari:te~~ .: .

· use d :in _t he/' p r e sen t- atudy er e ·ee.l e e t e d..

· .
'. eq uatloo8 . lUy be in~egrated provl~ ecI. t he. ~urrant . and wind data _. re aupplied . ' '

· a . -t b e f~rCing f,IlnCtlOQ (dr inp~~ to ' i:he· .Dd~l ) 't o obUin the respon~e of

th e .:odd in 't he' ton of the icebe r g velocity and ·posit i on . ~ S~nce the se t

-: ' ~f dl~fereotl~{ ~q~riona _ .-ce · co~~·~d ~..: l1near , · i~ i~ eX~itio~a-to
, 1.nugratethea virh the hdp ~f a digital cc.puta~ · o r an · aDaloll eftPuter,

" . . ~ . -. ~ . , ' . ' ., '. . . ,:.:' ; ... ..- ~

sad botb ,of theae 'C","pu t ers ~r~ u.~a in t he prasant a t w y: The j ata i l . of

t .be analog .~.tl0Q .~a giveu: ~n 'Appefld~ -i . .,The 4th ' orde~ aUSlge-:--Kut i::.

_Chod is ueed t o i"uc~ate the ee t _of equ.i.t1on: 3.1- ' .4. with .t he he l p o f

· :~ d~;i ~al ·coiapute~ (PDP 11 /40 ). :l.~~i wlth -e, pl~ttlllg fe c:UltY .

'. . . . ' .
• direc:t l~n of wlnd meas ured' antl-'cl~c:kw1s l!' frODl x llXlB :

-, :- , " :.' ."
I f t.he par__ t e n r ela t eel. to t'!e- ice~erg a re known, . the. ...b<nl'1I ee e at

" - , -',
o f t he above wa ter ' por tion o f t he l o::eberg •

. ~· -·.lcuJ ._ . '1).2 + (V
j

- v)2 • · ~ be. r~la~ ~_ aPe~ of c~rr'_t ::

~~h re.~ct to iceberg i n t h a J t h layer.- .

• c .... P?n ents e e. wa t e r acc~~:er.t lOl1 i n the J th · ,I.:.y~r >

• 2,~ S·10. , Cori~lie p...r~ter .

:- 'a ngular ve l ocit y .?f Ea:~h ra:t.t1on .

• latl~~de :

• croa a- ae<:tlOl1 .rea .p~ndlc:ular t o tb e vi nd dlrec:t1.oo

,
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:~u· water . ~. and. :iU_ .:~ . -~;; ·~~U_~, o.n, th~ : Re~Jd8 ,n~b;r . , ,~R~ ;' · ". ',,'
- V~ueB , of Re (o r i ':!"bergs a~e o~ the order of 10 , ( I u ten1ational Ice~~,trol .

1960 f ; ', The 8tu',dl~8 - r~poried 'j;, the:'In terna~i()nal' I ce Pa1:~~t lndic'~ted that ~ , ,
.. ,: . ' , '- , . ' , .- /, , " , -,: . ," . ' -' , ..' -. , ' .

. ," the drag coeff1cien~.mus.~ be hig her °t han 0 . 2 bu t OOt-~lghet _ .thaQ l.O 'and
. . .

that the ~rag ~oeffiCient ratio fo r in a i r t o wster lies : be~ten l ~ O _t.o 1 . 5 .

£'ttle (~~74) , fouod.. tha t t his .r a t i o ,ran~e~ h~ LS .f~r , ~ t re:ms ·w.1n~ ~o._~ ,#:
ab out ' _~,~_:f o_r ';'e~k <i1nda. "' I n- a s tudr on ieebe~'g t~~g .Ch.i rlvelia and M:i.iie~

. ( i;78) ~Oa~ ~t. ': tia t·.-.~: "tor inw~te./1s+;~t ',9.x ~OB ~f. io~, .~;:~r,,~~~:~'
.. from .l~: _ . _~ o 10 ~nd '" co.rtea~:ny~ v~lu~ 8 o( CIil.r , an4 .C~al'~ , 1 :~ .,and ~.~

r:e 'pe'e ~ iv~ly .- . Dank'e 'and Sm1th ; (19{ 4) ~~ed · lIlD8.~l ~ieeb~;~. ;.~ : ~_he:-La~radQr o

~aat ,~d . o~taine.~ . 1 .:\,~8 ~ ~ean , ~:l~:~ f~~_.~_, ,~~~tr~ lI~~~fd .~,e~i:t~:~~ ,~ ~
. 0 ,. 2 . Silll1101l'.s t ud1es ca rrie.l "u t ';>y Weeks and C';'pbell '~~9Z~) 'fl~ l,!,~~e

ie~be rss i nd i ea i:'ed val ue/of 0-.6: to 0.9 . In &:loth e r i ceberg towlnfexPedmen: t ~

Demp8~~,t (~,~ ~',9) ;~'d . th~t a'~a.lue -o'f ~ t~bn '~~0.5 :'t o' ~,, ;' prod~~ ::~ '-
"o r re"t t r end s of ' motion 'but a value of 2.0 a~hi~ed<.tbe best fh. betwe en

' " 't~ c~' _t:ted ~-~ ·,~" tua1.'dat:. ',.., .~ : ,td~'h' v~~'ue" ,~~. ~f)), ,'11)" : ia '0'P~~6il~i,~:.
'pro bs,l' a .COIllPO.' i.t e Of. a dr ag coeffic i ent ' a;d a "o l'r eetioni: t o

: '~~~~ e ~or ~~ror~ du t~" ~at~tlo~ ~f th e s~st~' para:.~te~8'. ',~ ' -, ::. '
. ' . ' ' . -. ' ., , - . -. "

RUil s e~l' , e t ai'('19'7;! f.~diC~.~d t~~ v.a l uee . of , '1Jw' t~~~ ~et~'~ 'u~~~~
pr~~ie tion ' Oj , ite'berg dd ft a~ usu ally v~r)' hig h because 8te,dy-st'ate



.~ . . ..

It .C8? be ~oncluded_tb~t '~~ter ' d.~ag ~oefi1ei~nt ' 'fo~ iceb~rg ' ~a~cula:'"

t i,~ns range~ betweei:.. o . fl ' to L 2.:~-nd ~hat ' the, r;t~" Cna: r C
Dw

1a

· whe r e · ar ound L5 . ' , •

.I t ha s been de~ided t o use ~ ' ';~lue of ~~ 'of 'LO 'a~d CUa ' o~ i : 5 t eg 8:rd ':",

~ less of t,~,:, siZe ,a~d shi;~ ..~f t~e ,i.eeb'e r g . '.

'1;'ertial ' d~ag . : Inett181 dtag ar ises bec·atl~f' ·the , acceler~i:f.6.\ of th '"
: . . ' .-( " , ' , " , ', ' .': " .

fluid ar ound the ob ject . , The object ,behaves aa ~f a -maa8 were addedtp .

The add~d water IlI3SS can " be' dcte~n~d from th e potentia l flow th eory .
~" . ' . . . ' .

': ' . . , '

The . added mas s 1.n our model is as a Lllbed to be ha l f "'t"he m~ss of icebetg

a~ree's ';"f.~h ·_all1~reme.nts ~de by Balan t o;" and Lindell ' (l!Hl)'

c) Iceberg Maslf and 'Cr os s - Sec t i onal Ar ea ' _

I ce berg ~rSllleters Deede d ' for . t he ~odel ar~ t he ·mas s SlId the ~"DBSrrv:: ".c~ ,wa t e r .l aye r and 'in ,t he a.ir ',(~qn'. 3'. l J . " " . i.~ for:, .

.matioo ,cannot be obta1.ned 0ll.erationally. f or each i ceber g. In a tead obaer-:

veeaeee Illade ove r a n~er ' of Y,eaiah..';e been ' used. f.o establiBb aeven

clasaes of i;eb"rg~ 'wtdch could be d i Stinguished 'fram ai.rcrsf t ~ ' t ll,b l e 1

. ; reaenta' ~be ' ~ve.rsge areal 'a'~dllaaa c~sTsct:r1a'tica fo r each' clua :..a ·"pub..,.

i~eberg pa'~8Ileters needed f O,r , this ,s~udy ' ~re



" . ' : . . ' " '. ' " ... .
be rg drift {~a·ste.adY'eurr~nt ,a t a r U ng- f r am rest: Th i s '8t:udy ~ho";s t h...

d~'pendell.<:.. , of t~'e i<:eberg ~raj e~'~~ry on the parallJ~t~rs ()btai';~ 'b; ~it111g "..

th~ ' eq~atio.n 9 of 1>Io ~ i~n ' in ~, n~n-d~naion~l .£01;'11I,:: / . I • '. \ . :

. . I~.- ' ~h"e aecoll.~. part of t~ i_a' .ctl~p~er , .- the Verifica:i~n of ~he ic.eber& .

dr ift model , presen~ed li n the previous 'c.hap t er; is attelllpted by c.ompar ing

~h('- : t ~aje~torie:, . pr'~di~ ted/~Y the ~d '; l :w1.t h " tha~ 'o f 1. eab~~~ '20~ 'o~Sel:'l'ed
near S~glek . La.br~cktr'. , 1 ~ .1972 : ,_The ,Jat a ';'s ed .!is ·lcput to t he , lIIOd...l .ore

~ ' . .
, the cu': r ent 'and wi nd da t a obtil1n~d ill tna -fie14 .·" The e~lo.partaoll ·b'etw~CIl ·. ' " ' . ' . ' . . .

l:h~ 'p r ed i c t e d anel ' observed :i cebe r g traj' ~ctoriea :i a--good .

, ..: 'Dr if t -o f an ' Ic~b~~B ~~artin~ " frc:m-'~s-i"' in ' a ~~~fo~ c~~r~~~ ':

.tc ebeeg. g~undi~g .1.8 a frequell.~ o~curell.ce. and bl f~.c,t ' iceber~a have

'be.e~. observed to ""?" grounded If or th;ll- 40% .~~. ..t he obse rv_n.t i on ~tme - " ' ~'"

·~Robe , ~i.er · ~Il.d .RUSSell . _19!,9) . ' . The, iC"'be~8s a~et~; be~o~ :l.~,\'e,~~ " .

. a tartdrift:Lng aga in whi ch 'pr ovideathe motiva tion of th!a ,atucly , ,r he . ', .

tr~jec~~o~y o~ an' '-ij:~'~rg '- ~de.·r the. infl~nce :f 'Onl; S ' \lIl.H Or,,; 'a rid s t ea dy

gCO,str o'Phic cunen :t in ' t h e ~direct i'on ~ U, is gove r ned by ' t~e 'foi~~ing :

cquat~on~ ~t ~o t :i: on wh~clt llr e ':ob t ained (r~ 'eQUa t i <;IIl.II ,3 . 1 IWd3',4 ~ss·ull~ng .



. . .
. tb~ ;Lniti~l value. of 11, v, ~ 'and v a r e "iI.UIII.~d t o b~ t erO . t the bea1n-

. . (-' . 4 ) :

> .

.-.~ '" -,11

.. , ~t~ ~

K~ elM;w"

-;. ...~ - ..

where

~iii g '~ f t he '1~te~r~t10D ~r':x,~a.. The above lIet " ~ f equa~lon""..' ca~ 'be ~r~t- "~ :\ .-

. t eo ~n . ~. nOD-dbendon~ f~~ a ll : 1ven b~lO~ ': ' ,' "

I
Ij

I
i

. !

1
"·1

.-
<-Jr .

·· t
1·
I ·

..1

( 4 .5)

..
(4.8) ' ..

" .: ~' ~ .: ,

".' " ' ,'". : " .:
~ .. (l~~' )~ + ~fV:/. · · ·

, , -.. ,

.. "n e p'O~it 10DII of ' th e 1ceb.r~ (ll ' . y') ar e plo t til d f or va dOu" ~alu", of. " , . . ~

Tf in ,Fig. 4-1.: The Pod t io oa of t he 1"ebargll a ra lIlu ka d after lrI t etv .il.l '

-. "Of t " "" 2 ,; The p~rai.et~r ~ f ,t aki .. into' ~~~.. t d. r.t:i on ~he "·cor~o l.h fac t o r. . .. .
alul. the t " ebe r j d;'lIr a~ ter iA tiea s uch ..a .....86 , a r ea u~de~ . " n er , dendty '

and ' d r ag coefficient . The rlUlge of value ll all llUllled for ; f 'have b,een eom

' p~te~ frOll ' ~h. valu;;' , g l~n ~' Table T- ~~r ~re.. a nd ,,"~"8 'of .1eeber gl .

::, ~·'l'he6 e. Pl~t11 an ~·~ll.r tJ too"~~' Ob i:.~e~ bY ·~h1uul~ff . e t ~1. : '~1971) '

':lIi n g analog llilll.u. ti~ 'of th~' prObl,e. , ' ~ 1rI1 ~~.1 .,tion'iA t he r....ult:

". .. llllI . of t he ,f o r en ~du~ ~o ' ~be vate;r d ia l ·•• ,~ t~ pr~a~~e ITIl~i ,,-n~ (t he.' s~ '.

. ..-:_._ .._ :' ~',---_.-' -"~-"-'---" -" -"-""

:.- .:.';.....-~

r ...'.... ..
!

'-r·"" :~ .:
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Burface s lope) cau ....ed'1;-y · t h e jeo9 tl"ophl~ c urrent . ~ th e iceberg picks

up ap,,-ed; th~ drag f or ce \1ec rease,s"; ' and the ~rioli8 ;or'~e ~~cre~.. e~ ' t~
• _ • c • ". . . . .

couli.terbalance",'tfie pressure gradie nt fo r c e. , ", The initial wa vy motion _o~

an iceberg as depicted by ' c u rv eS fn Fi g . 4-1 18 t h e Tl'.8ul t of interaction, .
of the pressure gr adient reree and -the Cor iolis force . .' Af t e r a ,long t ime

from ~h~ Bcart of \ h e :!,cebe~g ~otl0n : ttle trajeCtOr~e8 ' beceee 8~ratght in

B Bt eady-state drift .

4 .} StUdY -~ f an1;i~'er8 ~1l1e~;ory .N'~ar' sllg~~k - '
In Augus t of 197 2, the Faculty of J!ngi~e ering' and ,Applied Science of

Hemorial UniversitY,"of Newf oun dland :conduc t e d 110 ' oc"a~ographio " In~eBt1g,,-
", , " . . - . ,.... "

cion collec ting data on i ceber g 'drift , .cur r e n t s and wi nds . ,Ii""!u11 eeee cee

~f th "i r activit ies has been deac ribed by Allen (1 9 72) . lee berg a ' we re

trac.ked us tng a radar in~tsl1ed i~ ~ 'sh6r e station a t Sag l ek;Lab r ador , · .

while the C.S .S . "Dawson 'l ,provlded by the Bedfor d Institute of Ocea nography,

: , ,ogether vith ,t he" Cln adi an A~ed Ser!ice~, 'Ma~f:~~~ ~~d, , CO~.le~ t~
I oc"!an'lIgrsplt1eal '"and tlIetrolog!cal da ta i n t~e vici~ity. A tll 1:al otlloe

hundred' and ten icebergs Were tracked, SOlDe for' several days and oth,er s

fc :r 'onl y s eve ra l hourl!. , The scien tific 'pa r t y abo ard the " D'avaon" ob~ain .. d

extens i ve , data ·on cur r en ts tit fo ur locations ,a s shown i n Fi g.· 4':'2. The. . .
current ' m:eterli 'w~'re in~tal led a t dept hll of 13lll !!.nd 75111 at ' eac h O,f ' t.hese ·

. ". ' , ' . ' .',
. four locations, 'and three additiOnal : urren t .,e t ers wer e l!"st alled 10m

above the 'se'a, bof'tDlll at lo~atio~~ A. B snd C, !!.hoWn J'in. FiS', 4-2~ .me

. .dat'; obtained ,f r om the ' current mete~ab presented and ~nalyied by Bol den

(19 74) " . His · ~on~lUs10ns. , tire 'that the- cur;en~ a t Saglek' oacillated with

. . cite tidal period of 12 •.5 hOllrs be,fore the sron.. of Aug~S.t 22; 1972, 'and

th~ oscillation ' periOd af~er ~he lI~orill vaa. inert1d f or e~rrent

\
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j
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. "
c re e e ee-e he sur face of wate r . Th is ' s ugg e sts tha t the !;It e m i n fl uence d ' .. , . , .. .. .
t he "flow con ditio ns 1n t he ocean !.<;- bo~nd~ry -la ye r • .•

The i ceberg drift t r a j ec to ries o~ t ll lned Feeoee , dUl::1n g ,and a f te r t h e

8 to~ ,al ong ~lth t he ~~nent a nd ~1~ eaee, pre sen t a unique opportiml~ ,

t o ,test th~ iceber g ' d r i I t ·model. The In fo I1lllltion r el a t e d ' t o t he sh8pe ,
. .

mass and area s abov e and 'b e l ov wa t e r of the lceb e r gll .;"'nd e r i nv e s t i gat i o n

a re~ no t avai l able, a nd r ea a ollable v&l ue a o f these 'para me t ers , have been
' . ' . .

a~8umed -fr om the ' data quoted in th"· lite.racure (MounUin . 19 79);

In t he fol1~1ng" weprellen~ _the re s ulu of-two: 8~udl es' ba s ed ea . ,

th is se t o f data and ' t heir' ma i n' conduS10';'_~ . · Late,r , t ho: dh~u8"1on i ll

continued \l i th the r e sults o f th e present s t udy .

II) So ulis.(1976) "" the dri .f (~ata of IIPpr~xl~telY )) iceber$ 8 ' .

to ' deterllline II v';ctor cro9 ~-couelat li>n between ,t h e iceb e r'g dr i f t ve l ocity

and '~h'e wind '~lId ' c~~~ellt data , · A.1 th:Ug~ <I.et~i1ed' ·b i!h ~~ :1.0ur ·· of a n' i~eberg
". ' ~,s h i ghl y in.di~idual, SO'~1 :111 "(~976 ) ' ~oD~l~ded t ha t , in g"e~e ral , " ~be ice

, be r g st Ud i e d:

~l) move d 2:5 tiJneS , f a llt er , b ut in .t ,h e 88ll1e direc ,t:1.o n as , the. mea n

current ";;pe rienced b y ~he i c eberg ,a t a de pth of 1 3 Ii",urs , "
" .' '. , ' "
2) ha d str ansito ry v elocity compon e nt wh i c h ·equ.id 1e d 0 . 5 of th e

" , . ' "' , . :
t ra ns i tory current expe~ienced by ' the ~eberg ~t' II d e pt h 'of ~ 3. me tera

.ilId . ia"~.'73';,:

3) had '" wind_i"'du ced veloc i t y component equal to 4% of and 25

dagrees to ,t he dght ~f"thewi~ ve ltu::ity : "
./ " ' " . ' .

. . , "

The above conc lusions by Soul is (197 6) ha've b een "a r r i ved at by co r r e-

ls t .irig t he ,i c ebe r g :~rif~. v eloci t y wi th t~e cur r ent ~': ts ob t,sin e d at. 13 "

'!
i
I
I·

lJ



: . . -~, \: ,, : " ' : - ' ~{
1..'te~1 d"Pt~. ' Th••e r".w.~. Ibo uJ. d be u ..~ .. ~th ~.re bec:auu! !U' ~c:~r8 .•:."~"~""

ex tend. belo .. tlla ace. i.e: b~.ry . bJ'el' ",h k b i. ab?u t 30 .to 40 . deep , ', 0.

and tb~ eee eee e .lata on the 13~~er l ..ve~ "';"ld be ,:." 1ndl~torof eurrlflot :f, , ': ,, ',, "" .' . .: .J
e....po. ~t1.on 1D th e bo~nd.a~Y la?~r Oft11 .~~1m1..1A~ cro.,.~_eOl"r e.1.t1oa . . ,"".',

\. be tween t h e l~.berg velo:..-1!:)' l'~ton aDd th~"~d de.. "", ,,, c u trellt ,

ve l oc:1't)' wa . not a t t...-p ted per ha p s d",e to aaltunct lolilr -o f the two. cur rent :
'. " . i. , '... -.....". '. ; .

lIet: en ,a t 7 5 lIet,l r a below a e .. l u r .f ace l~~el: f1oweVII'T. , al~ t h.. current

lila-t en 10 1l>e t u . hove l ea b o ttolll' ":,,,n ope rat ional an d , pe r haps . CI:O"II- '

co r r el a t i on s , bet ,,,,.e n ' ~h. c urrent- data' obt al~ed f r Qlll 't ho ile "cur r e n t, metera
', ' . ,-- ," ' , ..'- . ' .

and -t he I c e ber g drif t vd o .:;! t )' ma Y,ha ve b ee n mean in gfu l,

" /

b) Demp~ t"er Bnd B1"une~u (1 9 7:) ne ve gherr. a gene ral Up1~1I;~t10n .

t h a t th~ i c e bu 88 move und e r the i n fl uen c e of ' c u r r enta wh i ch c ';"un t'hem '

t o ' have. '"Uajee t0 1" ie~ te t h e fo';" ~'t" lO?p ' aod : .Pira~a" v~en ; he re:"1a v"~k
o,: , no wi nd . .... -:e:n tloned earl ier, ' the ' a tol1l w i ch ' ~"d'. ave r t~e a r tla

On Jui8'ua:t 21- 22, 1972 , ca:'.ed co nsiderabl e , di8tu~banee in th 'e traj~Ulri.a .

o f f~~ i~~'~•• Dnl>~t'er .~ · ·B~U~ ( ~~13) a UJ:&'ea t e d an . eXPh~nion ··
, '. ' . .. " .

-: I
ij

fo r these ' de...-tationll t o be t .... ef f ect o f cu t re nt. , nt up due to ehaDgea. ' - .. . .~'

~ tile i e a aurf"'c~ el,e.,at lon 15 t he l ev at~ap~.rlc pr ••eure zone p,lI88ed

. , 0V~t' the a rea. Fo r . ,"' U .on.le88 s u .and oo.oltlneO~ ~.t.r . ' t h e cUn le .

, ~~ lie1.~h t : ( h) of 't~~ .•••a eeer ece . i~ . r.da.~~ t.o '~ ha ch!'Dge i il. t.he~ a~80~- I

, '- 'ph e d c pre.aur. (P ) by 't h e upre,,~lon (Ne~ and Pl . r "o l>, 1966) .
. . ' , a . " ' '' . . ' .

Th~ abov e , e~u...,ionabo., '. t .... t ',:1.0 t~ ' . re. a DC 10'" atmo Il P~~r~~ pre88ur~
th.. · s e~ ~:rf~~. ' ~~va~ ~ll a ~ b e h:i.g~'er ; hSD th e , 1II"~ ' lIea:, l.eV:~ ~ ,: a nd 'vi ce

v e,r a s. Al t hough the i nve ra" I>r ea aur" l a w 11 no t a t r1c t l y a pp l icable to

adynaa l c . ' ·nO~~h'O~8~.~0.~a . ~~~~ . it doe.~ l iv e a~ 1ndl~ .t10~ ~f ....gn~t~...

( 4 . 9)6h (c_ ) ,- - AI' ( ..ban) .
' . " . .

j
l



,. ' . ," . -.
,of dia eurbance c~uged by an ' atll09phedc pe eaeure ,

I , , "", , ' ', " " , . ,
Wh.en the aea surface level change., ,the, c~rrenta are aet up t o ,sat-

isfy continui t y , snd th e equa t i on of ~ontinu1ty ill vt:ittenbe1ow (Neu."..nn

and Pi e ra,m, 196 6) =

(4 ,10)

,wher e u and v ar e •~~e ' flor izonta 1 wate-r ~e10c1ties in th~ x and :Y, d1r eC

,'. U':'na . h t be "depth, of oce'anand 'l (t ) is ' t he ~hange of lies allt f8.~ e lev~l
. ,.- -.. ' " , I ' ' . '. " , , ' , . ' _ ' ,' . ~; r'

a.!>ove the, lUea n level a t a. parti, cular time t ; Dur ing. th e s t o,rm. the a t llloa..,.

. ' , :. .
. seudy a:~e gi ven i n Appe ndix ' B.

' c ) ' Pr .. e..ntStudy ·
' , ' . I ' '"

The ou1y ,o t he r reason fj:lr the c01llp1~ ' iceberg' traje~tor1es dur 111g
. - - - , '

th~ ,8 t orm ",a,{' be, t he direct acti on nfthe wi nd on the 8a 118 ,o f ': the i " e-.. " , .
be rgs ' and the i ndirect ~c'tiou 'of wind on the oc~"an1c b~~~y l~yer re-

8U~~~ng i~ wi ';'d dr ive~ 'c'~rrent~ whi ch in tu~~ ' :"ffe,, ~ 't-h~ 'i cebe r g Iiot{O D•
. ' . .

Figur~. 4-3 "sho,,?, ' t he cpnt~urs' of a'tlIlOSpher~c pressure systelll before and

i.fter , th~ crossin,S of th~ · . ato~ c....tre thro~Sh Sa ;lek. and -it ' ah:oshOwS,



I .

the re versal ~f ;d~~ d1rect~ons duri~gt'he storm", I t is fo r t his pur pose
. , . - '.

, t~~ pre lle nt scu.dy · is U~de~t~eri' t o -develop an leeber~_ drHt ~odel an d

/" co mpare the "pred i c ted 'lc eb~ rg t r aJectorie s t~ t he observed OneS . The ,

sources ,o f th es·,,:dataf"UfI!'d . t o ' r u'n . th~ lIIO'de1 .are given be low .

~

As ment 10nedearl i e r . ,the cu rre.nt data i ~ ob~al,ned fr01Jl lD~tera '

at fo ur 10ca ti6ns. A, B, C and n :(lIbmm.ln Pig ; 4- ,2) sod at '

"1 j ,;,;; ~2' ,B2, ~2 and D2 ~t'75m and AJ • B~ . · CJ 1 0 lIeter above .se a floo~ .

whic h ar e ' 165~. 14 6m itnd 1 76m below the :a e a 8~rf'ace a t locaUone A, Band

_C. r~8pec tlve,ly) . The- curren~ met e ra A2 ~n~ B2 record~d only elie C,urtellt

d i rec t ion f.an d noe t he ma~nit.Ude due ,t o SOPl? ' ,~1f~nc tl O1l ~f th.1l1 ',~n?trw:nent . .

, The da~a us ed ,f or runni ltg the icebe rg ddft ec a er u se s t:be,}1~ec t ions

:mea s ur e,d' bY ~ ,a rid 8 2 and ~he magnitudes me aBured by A) and •.~) . Thi~, 'i B

~tifi~d because '~he ..ag~~ w<le: of t he g.eo~~ro~hic cur~ent .;S sppr,oXima~~~_:

cons t an t between ' th e t op and t he. bottom.. oceao ! c .boundary . l aye rll .
'. _ , ' _' I

.Sin ce t he i ceber g d dft model o;-nside r e t he wat e r colum n 1n two
'- ' , ' - ' ,

layer s , . t he oce an bound ar y l aye r ,ex t e ndi ng frolll the oc ea n Bur f ace t o
. , ' .

abou t 40 mete r,s depth and ' the deeper layer from 40 me ter depth -t o t he

ocean bo t tom ... the cur' ee nt ,1:n _t he. de e pe r i .i.ye r is a saumed t o ' be ' geoatroph- '

i c and cons tant witb reBP~c t to dep 't h for o~r cal c~atioriB ~ereast~
: '- ' : " . ' " " '- '

co r eene in the bounda ry l aye r is a BBUllloEl d to be the vectoria l ,s um of, geo..,-.

. , , . .. . ~

wi nd driven curren t B t o be ' in t he fOI1ll of an Ekman_.piral, we can de r1ve
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!

<e...eper .vat~r .

"if t he vind .bear IlI tfe~. -vec: ~or' · 111 .~tlDg 1n ~be .,. " l1recti~ (l .e.

' . .
to t he -n o r t h) . t he vllld. drh ell cun en t veloc i ty t _ po n ellu to t he eas t

a nd 1I0~ ~h<" 'y' a nd Y' . ~re g1~~ by t ile f Ol iovl0& ~~e~~10~ (N~~~. i 9(8) .

u ~ v· ' e~ ("' /D; Z CoB ('4;~: ': ''If;i~) ",
~, o

.' . .... t . . -- .v . V
o

.- (~ /D ) Z· · S1n: : ( ~ 50 _ 'r;UD~ (4: U ) " .

. ,f . : '.

":h~.r~ ',D ' • . ,36.7m/~. ,.v",' r·l!.pre ge~,t,8 ~.he : '8 p e~d, o f ,t b e 8~r fac~ <:Dr_rent. Z .

t he liep t h bd ov th e wa t e r allrfac~ and f t he l a ti t ude o f t~e loe.tl~ri. . !he

ab~ve c~rtent .<;u.. t l' 1b.~ t~O Il. h : knOVD a s t ha "£m.~ Sf lr.aL" ;

, " , ," - 0 " • "" - .

The 1&t lt....<1e of S:"-IlJ .elt 18 513. S N. and t h e 6ept h of boundary lay er

D-3 9 . 7 me U rI vbt !:h .~~ .PPI.O~a.telJ ' equ&l t o t he depth .~f 1IIb:~8 18 ye.l"

a s fa ..""i dellr f r a. t he c o nt our ,l i nea of t ile _ ..ured STll da t a (!.l1 en,
..' . . . . .

1972) , .~ ae t . wat er man t u n"aport , Sx -:l d Sy ill the ~t .. r1 7 a nd

". no rthly dir~ tiane i~rose I ~. v i ;,.'t h are , i v ,", b7 (Neuaann, · 1 9t>a) .

., .

. . .
levels ' i n t he bo und a ry l a yu. · XII.t hl. · t heda. ' i t h ·• • 'UIIe d t hf.t th.

b~~ry ~'7.~ ha ; ". U~Onl '~~loc1ty . "u.:b t~~ t he ~~t lI~tf'!r ...9 tr""-,

r

!'hia is a reurbbl i r e sul t" wh i ch s t a tee t ha t toUI wa t u mass traa aport

18 d.1~ect~ 90° .t o ' t he' r ight of th~~"~1.nd s hear ~'t·~e8~ ~i~e.ct 1.on · in th e I

NO"h''':H~,"Ph''' ;:d '0."" ..;" '-~f,.i; .1.d · ~h;:;, ,,~... ,;,,0' · d".,,~
tiou in the Southsm lIemh phere . The ~_aff ect o f w1.nd driveti cu rrent a

OIl the 1llOtion of "~n iceb~rl is t o i n t e gr a t e ' ihe<lu g ~~rtU at d1ffen~~

,
! .

\
I
1·

\
!
J

(4.12) "s . ,,
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• ·po..t h', ~'1ua1 t o tha ~ .t~~ t n ..quat~ 4 . ~ an,i t he dt~ect1on h 90~

to t b e ..i E!l..t of t he.' ~tlld abea .. . t .. eee vec t or .: Thu. . t be .".. ...ge ...~ter

·velOC 1t~ COIIIpollellt 1110 t he boupda~ La:'-"" h;:; - O. 22SVo And ; , - .0.

Uting eQ1,l.l.t :1Oft.1 4. 1 1 . t he "eloei ty <:<*POn eftti at 1311, below. the aea ' a ur -

. f aCe 1 1!Ve1 a re :

Henc e ..... e ob t ,,'in a f . ct ol' . ~q llal to 0 . 628 , vhich i l t h . , ratio of th e
. ', : ' . . . .

u gn :1t udea of th e ave n ge veloe i t y t il t he bollnd a ry 18ye t ,t o that a t I JIi!

le"el . , and , t he d i~ferene·e b~tween t bdr dltect t o <UI h 13 .9
0

• ".1
.. .

The ~Ollovtng' ' P to<:ed~:e h f OllOlle d t o celc~bte t he . i np u t data f~t ,

'. t he c urr ent. l.a t h• .odd .d . ac r :1b e d til Cha pter J t o pr eGt et the iceber g

dr t f t t r aj e c t or t e ll . Let t ha .ea8ur ed v e loc i ty eoa ponellU a t t he 75 _ te t

I '.'d.ep t h be
j
d e . l gN t . d as 0. alld .Vg 1.D. t he ~ltlrlY and no rthe r l y .d i r~~ tiOtlI!l ,

r e" pec.tir e I Y. aDd l~t 1:. a~d V. h e t ha d eatPat:- g1'l_ to t he V.elOCit!

da ta a t ,i 3 _he de pt h• . The ie ..b erg 'drlft "'da l aaad. t he i n pu t ' c:ur r ellt

'"Od'~''' ,"0 1;,... oi "• •"u =1~ u; . V1 1~ '" . ~?.;.""' ..'u
alld ' ~2 '- V 2 - 'ill ~he deepa~ 'i.. , .e r . For t~e deepe r l ay er . t h. ' i n put ve l odt y

c1aia .,.1a \akei t~' he t he " " ~a t he ae aaured ~el~itY ' .t ~ io. U 2 -- Og ,'~ll~ ,

V2 - \ : . Th e av~ l'.g. .... t .t v~,OCitY eompo~ent. fo r the b~undary l a,y er : '

&) e · u ltell ~8 foll~. : ' " .

. " . . ' , ,
01.- O. 628L,(UII.:;ui COB(IJ .9 0) - .<:v.-: ,,) St n (13 . g

0))
Ug .

.. VI - ' O .628[ <?~-UI) S'ill (l 3.90) +<~B'-V,,)· CO.(l; .~O)J Vg , . ' (4 . 13 )

. ..' , ' ,

-'.__ ._.~. '-' - - ,- - --.-'.~~~. , . :..;}J~~i;gJif · ;_1i~

, I

. ···.·1. ···
!

l··.LJ
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, " ' . ;. ,. . . {
~e equation 4,.13 eff".<:t·ive~~""perfO~B the! ope~a.t1on8 O~/~dJ.Uatmen~

<, o~mago.~tude and .dl t"ec t .i on on the vector of "" windg~~et'at~d -t ~'te~,t.

: . •.•. lacitr and ~the~ adding t~e geost~oP~iC compo.ne.n u to Ob. t aiQ fi. •..~e,_Fag~
velo: Hy in t he bounda~)'la)' er . \ ,!/ ."

.. ' , " . ' .. ~ ,
Since the current ,ve loe1ty va ry spa t b U y as well a s te.mpo rally ,

th~' 'c u rrent d~fa _~ B interpclated i r o.. to.e curren ts Val~el!l\ ~~ cor res pon d ing

dep~ha at · locations ' A and 11 t o predict 't.he ,t r,aj ectory 'o f Jp..re lcul~r_ lce- ':

r en t. me t e,r a . Ji cubi,:, In terpo l~ tion fun ction , i~ , uB~d to ' Iliv~ mOl:e ' we1 g ht

to t.he cun :en t',lle t e r cl oser . to the ' i ceberg ;

.uin t e r pOl a t ed .. tla 'F + UB (l~F)

whe re , F _~, 3~Z ; _3~3 , ... t -" ty"i ~ Y»)f(YA".- YBl. .

~A' UB .. ,da t .a f l'tllDcurrent me te r s a t A an d ~ . ' rll spec t1velY,

Yi , ~A" 1~ . , or dinat", of t h e .Iceb e r g ~oaitiin an d l oca l::1ona ,A snd

. . 11. r e ap ec t i.v el y. •

(ii)~

A~ tiTat, ~ne win d data " as obtained fr om' ~he at~sPheriC

preasu~~ charts 'obta1n"~ :fr~ .snViroTllll~nt Ca~sda (GandeT offtce). "' Th e

i nterpret ation of tbeae six ho ur ly at1nos phe.r1 c p r eseuee datil wa a done

by a'n ,l'Xpe rienced JaeteoT~loght '(Mr,. Duncan Pinna~~on , ,;'f IfORDCO Ltd •• • '

st. :J ·Ohn.' s ) ." The wind da~'; ..tli~a ·obt'-ioed. gave a geiOd id~'Of t.he ,wind

s'peed and directions·'-

Aa more detai.l~~ '~ind: apee d.'· ~~~ dh·eC~io·~· at the' 8ea ' Burf~~e ar'~ · '
r e.'luired .t: o run t he iceb~ri dr ift model. we ob t.~ined t.h e wind dau '"f r om '.

th~ i~g'bOOks, ~f~.S '.S . "D~slm'.· ~?ere ~u~~· ;d~t~w~~ : Tec~rded ' at::-- 2 ,t 0 4

G

I
. \

I

·'1
i

J

.J
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F1. g . 4';"8 ehDj/s :t he ef fec t of .:i n cl udi n g and-"exc lu di n g the Ca r ioUs

. .
two iceber~ t1:8j ec tor~ee w~en the :ic eber g 18 dri.ve n by geoetroph:l.c ce 'r-r-

rin~a oniy ,,~nd _by geo8tro.Ph1.CCUrre.~t8 - w~d ' toge ~he,:' . in t hese t~o '

figures , ·the effec t " o f exclud1Dg a p articular env 1rl>lllllen tal fOJ;"ce , .('a n ·

\ . .
. F:1g . -'4- .6 8h?'lB ~ P~~~lC~hd :l.cebng t rajec t ories 'whe.n the _ :i ~ eberg

1a dr:l..~en .bY the wi n d alo ne. a nd by t he cUJ;"r.enta alone ; F1 g . 4- .7 shows

4.4 - _~

boun i.n terva l.- A. Linear in t er pol a t .i on 18 used to deduce th e w:l.nd ;spe .. d

~,j dl~-"eti~.n s t an · in tem>e d~ .B ~e;' .Ullle . ·
I

• • j • • • - •

S;in~ e. t~.e mass a nd ot~erpai~:eter& . .o f the :i ceb~rg,a~,e Dot knovll .

t he tr~j!ectDr :L ell o ~ :lc eb~rg d.rifl a re obt ...i~ed US~,g s~ail :.:aed :l. Ulll and

large non- t abular l:c~bergll '" si le n in ~ble }" and riga . 4- 4 ,a t;'d ~~5 --.

8hO~ t~e _ pre~cted t r a j ec t o ries a\o~.g __...~th t he obBim:e~. ~~aj e.~tory of

:Lcebe rg IZOC during t he stoJ:'Dllfhiell. pu sed over ,t.ho;.ar ea ,OIl August 21-22,
' . ' . . ,. 1 - ' "
1972. The pr ed ic ted traj ec tol')' of a ued!-um non- t a bular iceberg ( Fig. 4 - 4)

gi ves a good fit to t he Db~eived "e r a j eceo'r y / and "t hua t h e ieeb e r g 1200 i~

as'~tIlIled to be."a, ,.~d :iUlll n~n-t"ab'lI~lir lc~b~rg .

)

i
I

' . },
I

!
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F1~a1:~y. P1.g .4 ':'10 d e pi cts . t wo pr c d i.., te d .i c eber g , dr lf t t rajeaor 1.es
" . ' , " '0 '

wnen eque c aca 4 .13 is -u sed to est i lO9.te' the Average vatu 've Lo city 1.11 t he

boundat~ 1:a~~; arid wh"'~ · t ~~ cu ; rent da t a a t '~3 ~ete.r dep th 1.s ~s ed- as'

obtai~e", · '(1 . e . ,. u
1

• Us and ~1 - V.l. AsH b 'evidaJ,t t;om. 't he ree~~tB ,

the curren t data at 'rf me~ etll ' depth a l o n e daee not gi. ve a good predi..,:ti~. . ' ; :' . '. - ",

o f -i csbs r g dr if t , "nd thil data ' alon g wHh data at . 75 . uters de pth has t o

10.5 Discussion o f Re's u lt8

~" me~t'~"ne~ earl~~~, one of the '; bject:lves ' of ~h1 8 ~~vc8tigat :Lon i s

t~ ana~yze th~ obllerved .d·~'~~~ t:uj~t.~r~... to tim! some ~nterpreta:t. i.~n8. o f

s o_ ~f - t h';l obs e rved 8 t r ..~ge behaviou r of icebHg8.~.(1~piog'''piral Jl>Ot i on .:
, , ' . .

a n? irreg u lar U - i: 1I~8 ) • .~. de t;a~led ,Bt u dy 1B ~teaente.i 'lri the pre~{oii;',
, , .' . , " , ' / .

s ec Hon o n t ile ob aerved 1eeb81;g drif t traje<.: tory ' ZOC ..1th a n 1rre il;u 18r
) ' ,', ' . r ' . , ,- '.,' .

U-tu~~', t h a t" took pla ce 'dui! lIg t1l e" ato rm. Th i s st ud y \Ias fe ':' 8 1b iebe=~~ se

the 'ice~erg 1ll0V~'d "ln ..t:h~ ~le~~ity of ' t ,wtl eun·~tit !l et.. ;! ~F1 g.=..:r..:2) , a nd:- -
. , ,: , . ",' , , .'

henee detailed d a ta on ' c urr en C8eoul d be obtal ne.d.• • ,Unfortuna t el y, n O

..imnu: data 1.. ~vdlable f"r:Lceber~ " 't ra~e~ tor 1ell ~1't.h ~ooPS" .Ih ... l ooping

. mo~1"n e1th~r ~'OOk 'P la<~ , 1n lCll~a't~lI~ f ar awaY ,fr a..; c:utr.illt met:~rs ~c'.~ ' .~

traeks 11 0r . 11L and 13 1; ill Fig , 1-;,1. ,and 172 . 17D and . lr~ 1 0 , 1'1, ; 4 - 2) o r

cloae to a cur r e nt Ille t el' but at a t ime wIlere no cur r ent 'da t a 18 availab l e. '., '

(e'.,: tr~ck " 7M. n 'g. : r - i l . ; h..rli!f~r~ , deta1.l~d·s.nalya"a , : .. 11JUar ,t o tha t ·

p erformed "on traj eet ort ':120C, .,~t; , be ,car·he~ 'ou t 'fO~ Othe~ t~aJ eci"r 1ea.

However. ' a be.t t"e r und ..:ratan~1ngO; ~~ '1';";1n~"~tion ea~- b~ ' obt a'1ned ~y
~ t udYi~g ·~he.· 'b e havi ou r ' of lc -ebe; g"und~~ the 8111Oe· 'eDV 1.rOllDlO."~~a1 cO~d1t'i"nB '

J.
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were "reported. to ,h a ve 'i P:l.r :a,r aDd .looplng ",motion s ,' A .d~l;alled a:i:coun~""'of

' . ... :
thi s , s t udy :t.~ pres~nUd in:Appen~~ A, a~d the, beha;iour; of. ic.eb~rg8 dU1"l11g .~

ths 8tO~ that poa8~d ove r ~a81ek on AUgus~ ' 21-22, i 97 2/ is di~.c.u8Bed b'elaw.'

" .' '. . .... .•.. ..... '. 1 "1 , z:

Fig . ,,4 - 2 llr e a e nt8 Rome of the iceberg t ra j e c to ries t hat .were...d l~turbed

by 'h• .~,.= . G= . " ll Y ~p"kii. U. ".~".. .",.;... book." "";'£0;";"
eith~r , ~~'tUn18 ( U20C _.~d 2~~}:; ~.~ , loov s ' ·(~17B. :'1 7D aud . 19~) :: ·Jae t~a)'e ~;'

~.' " '. - ,. . . , . .
torie8~ith u.,. t,:rns"were close t? Sagl ek Whil~: .t.he others "ere »: the .

~orth •.. ' n..i.a~i~f,e 'rbn~e, ~~'lc~~erg behav1.OUr :' 8~ to\.b~ d~e to ~iffe..,::ence ·

in -Le cal. cu r rent 'f i el d. ' Howv er. the direct actioD of the wind on' the

~a~b' OtZ.the '''kebe~gi· 1~ , e:~ent · :'~rai· the f&c,t , th~~ ~c~~~:~g,' - .

and forth .; ;. th e wind d~re~tlm:' Ch~nge~"d1.\e to ' th~ p~seage Df' .l:.he stOrID

cen t r e thro.ug h Ch e; . ~Iea (Fig . 4-3 ') , ' lUld ' l:.liac· ch:e ' devl &l:.i oD fro~~Jie re~iar

~;ifttrajector~es ' It ut "&~ ., t oP at , bou t .t he ~BI:Ie, ti.e (rig;~:'1);
. ,

'" , '. " , . "

, AvaU~bility of detaiied ~urrent an~ wind daea f~r ,i cebe r g f 2ac pre:-"

gent~d' 9 unique opportuntty t o verif}': t h e vai~d·lc,. oi :~ur oio~ei , ~D.d . ;

::::"::,::.,:::'::::::.::,::::,::::::;l:·;::::.'"l:"p:::~~:" '.
dd~t cI ajectbry '.o£ all \i.~e~~r g i~ dgnif~'~~t1Y· iD'f~uenced by ' , I:.h~ s i z e of

.: : . ( . ' . . ' " . .c.'
lc.e~erg ~.F1.ga.• 4~4 a~: 4~5). The 88sWDPtr.0n that ~ceberg '~o.~ .~~.~ a medillll

oon-tabu1a~ ' i cebe r g 18 111.\pported by viBlUI!l obs ervations ' mads. by DeIlps t 'e r
.'. '. . '. . ..' !. . . . ' .

, ,( pe r.ond COlIIllunicatl.on. ,1 980) . Th e r esli1.ta pre8l!1lt~.iD Figures 4- 6 to

'4-9..dellOn·~ t'r.~te tlu! m~o~'taDce. ,.of ~c~ 01,'~h:~e ~'orce~': --, ' " "~
, . , " I " " . ' -, ~

Due co ' the non.-unifoJ:1ll distribution of the curren t veloe:lty in .t h e
. '- , ", '; ,. :'. . .. "' : ' " ,, ' " .",,: ."
ocean boundary layer, the cerr en t; .dat a :In ' the bOilDdary lay er a10llg wi th

data a~'d~eperdePthaah~d lit' .u eed toe8tima~~ ~h't' avt'ug~ velocity in .

t h.. bounda.~ l~~er·, .~or :g~o~'· ·~r?~1.~tl~~· ' ·O.~. " t·~· . ~ceberg dr~ft (Fi~~ , 4 -~O) ! : ' "

I
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A dY'1-tc .add to predict 'iuberl drift hn b eeo developed and ve E"i- .

'. fi~ by · ~?-p.rl.D.g t he p;edic.~~ iC~.ber~ tr~j~ c:tory ,t o u.~ · · oi.8~,~ed d~riag ,

• ~ t~o.. , Cb~ngell In . oC:ea~. --.~~~e elev.~10n dUB, t o 8 l ov ' a tmos pber1c pr e ll- "

_,ur. lI Y._U:~ hay e no itU ..ee on oc e" D <;:urren.t i~ de.e p vater dep~h. ,u i i ii. thB

. ,. . c.ii ~e" nea~ ' Sa81~1< . " The direc t ',~ct10,: of v~~ h .~ ? ~, ~~~ CauSe o'f the ___

(lb llerved back . nd forth motion of i ceberg", du r i ng tOll ",t onn , ' The iadi r,ec t

. ~~fec;." o~; wi.~d"on ' ~he :mo~ion ~f ..t~c~?r§a . i. " V l~ " vi~d:- geaerated cu~rent ~nd ,

t he ',~ haDge8 in geo.t~o~~ic curren t , if a01 .

: ieebe~g"trajet}!od'" vi't h IDD~8 ' ~nd •• ~lr.l"~t1~~ .ve r o: '~j, t" l.l:' ed nnd.r '

.:1-..l.~"'d cond i t1on'. : Ilove.ver .-·~ general cone1ue i~o t o the e:.u.e of t hi . ; .
. ~ ' .. ' ..; ; . " , .. ~ " : , - .' " , ... ,' ,

.. b~h.aviour ."':.0ba .dn~ _t.oly b!,"8UlIe ,o f t he .b,:",n~e, of ·t he tn - s i,t u vi-Pd

, ., .• ~. e"~rre~~ '_~r~~:.~. f or . t r8!~tori~~ ; vtth' ~~~ ~h.~our :

',_ , ' t o 'our kDoVledlle . ' th1B ·1B , ~be -Ur~t ;";'tishe d . t ud)' vliete 8.D I-cebeta

1 ::::<::: ;:~~::;:~~::~:<~::~:;:~:<::::::."d '::~:::i-:~;-:<;:~ ' . .
.<':~ eVid~n_ttbat t bs ,nyeice of the i t.e;be r g drift ~el 18 kPoom .ro ex ro;nt ,che r .

, e. lOOd-. p,re~~i:t ion o~t .~ lc.eberg / r e j ec i ory dUE""iog ' e . st.OrJ8 can be made. prg.-:

. .' ~1dedd~~aUed c'un: en c. aod vi~d dac.~Au AVA.1hbt ll , n i npu t t d .t lle. llIDde ~ . "

, ~ It 1a recomm~ditd ' cha t 'a.de i t6 pre.di~t oc u o eurr';;"~. is 'nceded t o
. .' ,'" ": , ' . ' .: '. . r

!l-eoerll..~ e' th e neces.ery da t a aD cu rrents whi ch . h co be i nput illto t h...,: ,i ce -

be rg drifr ";001;' 1. III t ile ebaence of auch S "OdBi ~ ch~ iur rerac da ta lIN~t

"" .'. '"' :,1.
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. " APPDlDI X'-A

~

SOME P RACTl tAL o\J'I'LlCATlON S .'.
I,

.... 2 Tec hnlQu.", o f Analog Compute r Si-..la U oD

l'roblUl : ao~~t1oD by ~log eOlllp~ten .~,a ac c 01IIplh hed by anal.ogy .

t hAt - b , th~ e?",l>~~er 1& pTO~ra~.i 80 t hat ita e 1rctJl t e lluat ion . ha n

18 pllr t l c:ul arly trul! ...hen t he pr og r alll i ll , be in g run i n h igh- s pee d r e pa r i -

. . . . : ', - '
t iVe op e ra tionn wi t h the lc~~erg dr ift being gr a phically . dhpla ye d . Typ i - '

cally , on e Can a l t er . co.U te-l en t value ' '' 'S ' i c e bl!t g par amet e t , cur r e n t
" , ' .' .

( v- r ..... ter . ...ind ~;.r"l!ter . -- etc') whU e ob llervl o g Ita ' ."ff ec t On th e

' ~~ e~~r~ drift . -'nab techn lq ... pl;e Aenu a · ta. r a n el d fic1ell t wa y ' to pr o- -.

'.: d.uce ~b. ~cebt!Y& dr1tt .tr.J·ec to~ llJ..ilar t o an ob aerved t~.cI< . ~u <:&0; "1
ba uaed to tiDd an lnt.rpreU~IO'll of t he a t n ,n ge , t u ber s -behav iour , • . g • •

~ooP1n& a fter ',. uor.: ' It\aa a bo be used to d a t aroDe <>ll<I! o f 't he -.del ' .

I par_ ten (1 e aba r .l pa r.-ian . viull o~ etJ l"Te1lt deu) if tbe' r~at of d,s

-p~_ter. aPd th~ le eber, 'trllCk a r e boom . '

'>:
'IIIocU.fy p,u '.met e u during pr obl em "ex ec ut iOn while ob lle_rv~Il.S i t a q~ti- .

t ativl! effecta on a va r ie. b le . I n arudy in g i ceber g dr if t preb le..... . thi:a :

i
I ,

j

!

. . .
th e s ame 1lI8th ematical rOn> sa t he equat i on a of t he ' pro b l e;' . In t h i s

.' ' . . ' ,
, t yPe ,o f c ompute r " ....ol tage s r epresent variou8 phy " 1" a l .. q uant1tie8 ,' 's uc h '

a s ae~el.eratlou . ~ore• • d isplacement a ad' 80 o~·: .I t 'i. ne ceuar; . 'tber":"
. .

.' f or e . to ' arT&tl.lI;. th s ' vo lt:all;l!8 th at pr esent t h e. ul v.riab l.e s s nd the i r C

' , ' j. "

" .



46

~ . - . , ". . . ..
. ra tes of e han ge Buc h ' that they nil never ha ve values larger _thall ere

;vol t.8 ge l1 mitatloDS o f t h e ccep u t er (± 10 · ~ol (8 ) . ' "uor '8 ti~b ; t"hae' ' t~~~
' -":" - .." . ....., .. " . ".'
"Hl, eve r c~hange rapidly; t;n ough t o e""eed· the ' freq uen cy o f t he co..,pu t e r

and its r~COX:ding' eq~ipmtmt ". The gene~all; aCc.epted 'd uraei.ou o f a

solution run is B OIlIe where bet we en Hand 60 ee c., (J e nne s a; 1965) . ' I f

: th e fi~iutiori ' t ak~S: ~O; l on g , e r r ors due to h eegrator dr~ f t Will: be

l ntrod'ut ed • . "On t h; othe r hand, if t he .eolll el on tilll~ "i s t oo ~hort '- t ho:

p ~nllisa~bl~ freq uenc;y liJrl itatione . of t~e'- co"plln~ts Dnd _re co~ding 'e qu i p": '
. ", ' - ' - - . " .

e en e _ yob~ ~xceeded. ' 'Ke e pi ng th$ll8.lt~1IlUlIl va lues of v~rie~l ea. - t he.i:r

eaee of c han ge ~~ t he a nalog mod~l , ~nd t he,' du r aU"n of rhe solution .wi t h

i n. ><r;h e abov e-mentioned l i mita t ion8 is accompl~8hed by ""a mplit ud e ~caling"

and " time · s c a ling" .· The .t e chni q ues tlf , time and amplitude 8caling des

crib e d by Zulauf (19~6). Rekoff ( 1961) . and Hausner (1911 ) wer e uae d i.n

~c.aU.Dg th e ana l og va riable s .

To illust rate , t he analog siJllul iitio ti ' of.t he equlltion of .motion , lin d "

t he 8Cal~~g'\ec~n~qU~ 8. let U8"co nside r , th:~ case ofan ,i~eberg· ·Ilo~ing' - ·

I :un'der ' geo",trophlc c eere ne , Considering th 'e co r reaP".oding cceen surface '

slope and ' ~ 9 "llIIIi~g . no- Wi ? d c;~dlt'~on'- ' the eq\L8t iOPIl, o f mOtion -become :

f (V - v), .

f(U
g

- u) (A .2)

CA.3)

. " . -.
Tt:m'" "n'd amplitude ' acaling 'v,e-.;e .c hosen 80 that ~he len g t h .un it is 10 kII -.

f

j
I

;

1

.r
I
"J



t ill'e represent~ a real time of, o~'e hour . ':A , u'n1~tl~ngth -i n t:he' ~~l ~s

e''lu ivale~t t o ~ r~l d1stance o f 10 _km: Thl! leng t h se a le 18 1 kill/volt

and ,'velQc!ty sca~e is "(1 kal/hr )/volt . "

lIa~irig ·Cho.aell t he "e "ca1e~ . t hen th e re'll.!.i~ement8 ~f th~ vClltage

. ,~ , f re quen cy \ i ;'1t a t i Ona of the a~algg comput e r ,cOlllpone~~a are f ul ;

f~Ued . : lIowever , th ." mil.~i,um val~e of K' (Eq~ - A.3 ).iS ' ap P tO~i~telY 24

, ~hich c~~~e l'ponda t o ~ :-,oltage of 24'0 '(1 0 volt • UIl.~ty) •. ~n ord!r_t o

' keep th e va l ,:,;' ie n ,t ha n un it! ( l en than 10 vol t ) , equations A.l aod A.2 .

cOllputer . An oscilosc op-e ' and all. 7.,- Y pl o t ter wer e us ed - t o diapi ay' ~';'d'

.~..j



"
', ' pl ot lC~be rg_ , d)'ift . 'lDd · the " " (~.1.8t~ry bf lCeb~rg . _V":O C 1t y .

Practica l Appl1 ca ttonli I
. / " .
~)Effect of Coti?liB a nd Pres s ur e Gradient Fo rcell

S-e kl.nellllltl~ s qd dynalllie ~e1a- .de~elop·ed to pred'i cc iceber g

dr ift ignore eit her Car io Us f or ce or eeee n slope. (preasure. gra d ient) , o r

bot~ • . -To, e..llt ~m8i~ o'the ~:rror i nvolved ' In Buch , pra~ tJ.~e l ;cebe .rg fifr in

a 8~:B~rOPlhl c. cllrr~n~ ae obta ined ~or th e different ·c8.se s ~hoW '.ln F18-•

., :,.;;~ ~-~ri~1 18 'r::" in - r direction s nd t h," s lope f o r cS;.,1n +'! dt .eec

r: The r eaulca i ndica ee that ignoring Cortolla f or c e , OCU O a l ope " ,o r

bOth ,l e ads, to erroneous pred1ctlon 'o f .i ceb e 1:8 .dr :l.~ t . The ert?t 18 81~nl- '

flc'~lIt and i ucre""",,, 8 " t ime lntrea8e~ . '

tV Iceberg Dr ift i n a ROtar y Cllnents with Tr slI s1s tll r y Component

This Id lld of ' cur r ent MS· b een observed e.nd r ecorded by' llevere.l

:f,nVl!s t i gat or 8 (lIe\llllann , 19 68 ). The ice berg t rajec t orie s a re in t he f orm

o f , l oop s " th~ s iz e o f W~~Ch lInd t~e -'dhtan~e b~ twee.n th em are "f un ction,

of ,t he ratio of t he r o t llr 'y t o , tlie t ranslatory compolle.nta . For l arge

~e. ti~"', loop",',sre ' large ' an d c1~,e to ~ ir.ch other. Fi~. A-3 ahows an .

<lx8llIple of icebe rg dr Ht und e r such condi t ions . Orll y one l oop i s shown _

in each cas e . S'i.Jni.lar, but larg e r, loop a i n . th~ iceber g d rift have be en

lI~'lIerved by ijU gga , ee a1 ~19 79) ' i n ,~nca8~ ~r', ~ lI,:,nd , ',Raf H n ~ay ' ~~. ~Ulllllle r. -

. ' o'f ~97B '. ' . . / -- . •

c ) Iceberg Dr i ft in a Periodic Cur r e nt

3 i8 . A-4 ahowll i cebe r g drift due to a ho r i zon t al cUI:en t ' ~th '

. velOcity e r e e h illtor y given b y :

I .
'J

(A . B)
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The 't1da llDOvem en t of water i n the SU'ait of Bd ! '" Ide h a s ch is typ~ of

vel~c1ty f unc.cion • . The i c:eberg lIKIves in an ell1~tl '" loop t he ' wi d t h ,of

';'h lc:h is a funct ion of t he c oef ficien t c , Loop s i ze :1e larger f o r la rge

:l.c.ebergs •

• d) ; Iner t i al Motion of I ceberg

Fi g . A- 5 ahoWs ' icebd:g lIIOtion after leaVing a curr ent field with

a ll. 1nlt~~1 .v·elOCit; u,,' •. 'The ' !~i1Y Of turves 8h~ , the ' e:ff-e~t of,Va rY1 ng "

t he init ia!Veloc.1t y . For these cases it . us c be assumed th a t Bome as pect'

o f the eutr ent, lir >li n d fo: tee ha ll t.aken th e ,i c ebe r g from II; mAjor " urren t

. into s till wat er a r ea , Unde~ 6~ch con ditiobs the i ceberg mOves i n '"

spiral pa t tern and ita velocity decays r apidly .

p~g. A-6 show,.- t he ,i c ebe r g trajectori,e" of '.lIIul11 , medium an d 1,,: &e

' 1c ebe r g a foc 'a 8imila~ s i tuation, de llc.r i bed above an~ for an ,initial ve l oc.

ity of 0 .25 fll/lle_c ,in" ea~h ,c.ase.

e) " Iceb....r g Motiori 'in C:urren:tll Due to i~ertia.l O~C.:l.lllltionll .

F:l.s. A-7 presents ,"t he dr:l.ft "of ' aD i~eberg vit"h dr a ugh t lesa 't ha n

t ,*, ' d~ptb o f the oc.ea nic ' bou~dary- l ay e r ":l.n a ' "~otary c urrent ~f 12 bra . ;

I f t he i c.eb e r g 'h a e draught larger than t he depth of "t he <;>ceanic,

bo unda ry layer, D~ the i c eberg will be affec.ted b y the drag force of the

. .. a t e r bel~loI t he o ce a n i c bou n<!ary ,l a ye r 1n addition to the "ro tary ' ,c:ur r e n t
, . .

1.n the boundat'Y layer. I f the ~ater unde r the bo unda ry layer i a atill,

t he n the aire of thl!. l o op 18 gr~at1~ red~~ed 1111 lIeen in Fig . A-8 . -,

J

j
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' _ . . . ' _ _ • _. , , _ , _ c •

' The bo_ da r y condi~lons of t hl aprob leai ...)' b e pr eacribed by spec.i fy-:: -.:
, . ", " ',. . . .

t ng th e values of ve l ocity ' potential , ' {I,> ' and/or wat'e:r ' v elDcitie~ . II and v'

< - . (~;~d *~. ,a t rhe b'.o Undarie~ : ..

The finite deme n t t e ch nique' ill , used 't o so l ve t he d1f£~re~tid . Eqn. ·

B. S .

B. 2 Pre1l8ute Dis tri b ution

The lIIOvi ng l ow p r eaewr e oy9t em I s a pprodllla ted by 8 func t :'-ou dlll ilar

t o t h a t of ~w" ~menB~Olla~' nonaal ( G~~89ian) '~istr~butlon' d~f~ned by :

~-2 ' _0<: t )2,r?-
n(:iI,y,t>. - Po e-~(l<, - .~;JC t) .lax --: y •. y . (B . 6)

I s ocean lIurI a6e eleva i::1ol1 (em):

PII is the peak pressure (mbar).

o and a deno t e tbe extent , p t: th e pressu r e s ys tem in the'", andy
. J< . _' , y o • " ; . '. ;.

Cxllnd cyare the componen ts ' of t:he tr~l!.lH_lI g Bpeed of the

is t he- tillle ,

Puct i cal 'App l i ca t ious

s} Shlll.1 o... l/'a t et

t
I
I
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..-::::p~.::.:::::::::::,::::::: . ::;~:~:::.: :;,:::::::::~~"
t n v e1l1nl 'a t a tp.e4.vdodcp.

The L E. Q,h o f th e 1600 :It 1600 J<. .r~ 'l1 pr"'elI.ud 1u 1 11. ~;;'

. The cenc; " ,~( t b. pt e..ur e .)' n elll. v ......~' to 'move a l 011& s - ax b of ' t he

. ' .'
s t ud i e d area", Since t he effect of t he pr e ll"u,r e e yllc .... i8 linea r with , _..

~~8peet. t o . nIh values ("qu e . B. 2 '~and .B. 6) , 1~ ' 1.8 de~ l.d ed t~ BlIlIume a water

dep t h <If 10.. ( Il/h ...· 0 . 036) . io~ ot he r va~ues of ~/h . t .he ~e8ult8 ' ca n be

inter pol at ed •

.. :. !'he re.8ulu pfil ftnte d tn .FIll' ; B-2, B-3.lId lJ • 1tld1 c a ce th ac t he
.: " " . .

aaxi_ va u t _l.oc: icp occu r . under t he eentre of t he pr •••ur e .,.ft....
• (a t t he polJl t of aax l_ flIdaee dt:vatlou) . General!, _puUng, .t he

. v a ter "art lc:l~. ,a1 t un ed. 011 lI;-a:da aovu 1a • d~rectlOll. 'pa r all el t o the

l oo;ta ' of t lie pre a.ure e~tre ; " The vatet ve loci t y at t he 'ceDt r e depic:u

The nut . tep t.a to atudy the a"e- of th e ocean nea ,,' Sag~ek.,: •

co nside r i ng t be actual ' p;oUb o f t he ocell'n bed and an a~~~,oxtlila te'{ ~n.e~t.l"e
J'" . , , "

eyat_ (such ail l i ven by 1 . 6) . The _1ll.:imwI 41.mUlsioll qt t ba F . E. IIIOde1

h takell 't o be. abou t ' 1600 km as shown i n Fli ~ 8- 5 be tweell t he Lab,,~d~r

..Cout and Gre en.blld . The F.E. de.~ret1z·atS:C;tI :' t.ha . .... '.. t tl ~lg .8-1 .
. .

aDd vai e r depth pr otib 18' pre . _ted 1t1'Flg . B~6. Approp r iate boundar y .

co tldl t 1oD.8 an. ~.ed t o .1al1at~ th e , l;lho~e at Labra do r 'lItU:I Gr een.1a tld· (i .e ." .

ze "o tlonu.l ';'e~C:l t J" t,o t°J:'"' abon .-j tDe) ed' t be ope l> ... , LD t~e o th e r ~ .

r
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p. th. dtlr1 ng t he . tOrll WSt e no t' ne e••••r lly due t o theris: i n' OCIlSII .ur- .. '

The ,cODl:l udoli of : hb . t udy 18 t bn th e obseTVed cha ng ea in i ceb erg

. . .' . .'.
pre a . ur e , ,..Ie ll it lIeglig i ble.

" . " , "

'1d'~~: :::~:: : ':::::~d;:.Pi..\ , ~,,_~ .h,,,:. "" ~h; .ffK' ·.
of th~ ~~ pru'ure 'Y ' ,tm 'o n v ater ....·el oc 1t i es h ne s U gi hl e . d ue ~o t b.

lara. wa t e r ' dep th wi t h r es pect t o t he pq." pr ess ur e head. , Al~ i t i.to "
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cold utili ': ation) ~

. \..
;.- ' r' :, .: ,

1.1 bd.~d •

/~ .. , ~II~,;~er , : . of .t he s~~~~e~ nemi~Phe~~ areproduce~ . by , iC~ ; sh~lye ll ' ~; .:

· t he ' : An~c t i'c: , Theee · i ce be rg s e r e mai nly of tabu1Pr ebapes · and .~~ be s;

;oo,~. ~10 km.... ";h";"" ~' .;h';' ~b'Y=. mbb on' ~, ••;..

v!v e fD .Col d wat~r f or many yea rs; .: ·
~ . .

'I '. ';' . . '-,.. .

.-~ 1 ~~~.r~8·.·. ~t t hj ".N.'f.e= .ftem.ia?~~~~ . a.~e pr.odu.ced · ~~OIII · th~ .~lal<i er~ ·
of Gre enland , t he Northeaate'ro C~adian Arctic , Spitsbergen. t hfi' Si be r i an

·~81an,~8 ~d '~~~~illite~,Al~a~ . : The .il ~"-~ ·.vb: r e iCe~~rgS ' .a re ,rno;>tl t f~e-. .

. (

. : ~~at>~:PPici. g ,rout~O ' O fhb'o;e ~,~U~ing pia7fo~9 a~d b;ri~d pipel1c es or
\.' ; cobl: b.. . It: ebecgs ~ ' we.~~h~ng up . tD·:teil. 1Il1¥1011 ton~ ~y p.r e Bent a t hrea t t o

:':" t he , d~velo;naent of 011 ex pl or ation bY ·dh~upt1l1g ~r .del.ltI:OYing o'ff aho re

',.....' . , :~ ::'::,:~ ::~;::n:~::::~::::P::::'::.:',:'~::~:f;'ho" p,tt"'_

,,1.l'.i~~~y . ~Ceb'~~g~ pre·~~t. · ~. pote~dal ~l~tiOn .t.o wate r B~P~ly , p~~lemB
;~ a numbel\ of dry .ar eas of t he wo:dd ,"sp ch as th e de serts of .Au'straHa.

, .: , ' , -- -';" - _ I' ~ , : " __ ' . ",

t aaie aod Saudi Arabia . In view of th e fac t t ha t 85 per. ce n t o f t h e " odd ' \I

. . • ' ~V'dlab~eY·f re8:...ate~\l!~~d~~ 'dll i C I! in th e An~rC~lc.. , and Gre~1l:1and (lIeek~ ' .

.
.'~.-..1.' ·. \i<c;~ -.a rid CamPbeH~ .1~73) : .t_~e .J~tei~s t is _ p.r:.8~ntlY Jn~e~B1n~ ~ :,t bl! , U~llb~t~<on

' ;.. • - . ., of ,i ceber gs as a source of fre shwat er .~pd other seconda ry a pplications (e .g .
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. 'lu.. ;'Uy· encountered and <.ma n the~"in:~rfere moat Jith 'ilii~'8 , .et'ivitiell-'·8re

in Baffin' Bay ; : th e Lab~a:do~ Sea an d , the'G~.andBank8 of :N.....f~~~dland " Th.ell~
i ce b e r g,1I are Qn,tl?~ ' aven'ge llII1ell. w.aJ.ler . t han . th oa e of theAn~"rcti~ and

have very ~~ratl~ ', shapes , Ic:eli~rgs sel~?"i exc~ed .a ' ~ew kil~~t"rs 4,':;' {erigth

;;"d by the t~e ' t h e y reac:~ "th,e ~uthern. 'Lab r a do r 'Se.a th"y -an! ' rllre.1Y ' lOnge~

' . "" o ne k:l- .l~ter,r Of ab~u t 40,000 i~eberga .a.fin~lI.~ lY" P rOdU C.ed 'bY ~~eenland
, gl~ciers. 'only aD average of 380 cro a a the 4SoN latitu'de ,(Hur r ay , 1969), . , -r

H,~~ver · dU~1nt;:."the 19 7: 8.e." s,: , a record ', o~, ~ '-5S'~ if~berg~ , were" ,~nted .by

, l c,a. ~atrol sOuth of 4~ N l a,t itude , Moat of th e icebe:rgs d~ift over -e period

o'~ One~ t o two .yea rs, ~cr~88 Baffin B~y a nd t~rOUgb the Davis ~tra1ta ' i ':'t O.. t~~..

Labra~or Current , ~Thia cu r-rent; carriea .the.d.ceberge southward to t he Grand

II;I;' k"a of "Newfo undl an d .

, " I
Ic:c:berg Ha za r d s to Of f shore Operations

Wit h t h e exception o f ' human error," the -iceberg 'pr obab l y po s e a ths

largeat thr~"t to Eas~rn. Canada' a '~ff"hore oil dril11~g B\,\dproduC:Uon

op!=- rll~ions . ' · h v:!-e w of the ',ih~dJ;'ocar,b~n p O,t en tia l i~ ' t h e Labrado.r " Conti~

nent~~Sh'i'lf an d the' r e ';'nt liiacovery ~f ';11 in , t~' Gran<\B~kB o f'. NeW~

.' f0\1.~d1an~ ; t~'e ~eed h~~en f o r : ye~~,.ro~~d ' op,era~~~n6 and , h ence, effe~..,

t ive p ro t ect i on from iceb~r88-f S1ll8.11 'and mediui:Dicebeqs ~re t owe d awa!
. ' ' . , . .

while t he b i g one il can be avoided by moving t he ,platfol'm " Dynami c a l l y

:·~ti~.d ' dr~~1ng :easela can e vade '~ Ceb~rg S,bY f~t' dis c:onll~ct ~r~ce~~"(e~'
and subsea ac one t.a c r~-entriea , Both atrategi es require a method to i d en- ·. ,, ' . .
1:1f 'y 'a dange r<Xi~' iceberg "'::I,t h lIu fficient l ea d t ime to adopt a .de f e n s i v e

uetio~ . DeIllPBt~ r ~'1979) ' ~gg~s ted ~ opf!r~tional Procedu~e ' ,to ~e.'t~ll~ed
'b; . r i g ope ra'tore' to a~oid iceb .. rg co llision using a hy brid .dyn~ic: /kinelllati c:
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' ,. An. accurat e .model t o .predict ..icebe rg drift em r ed uce the r1B~ a f

cal~1B10Q and the t1lll e and . coa t . o f unnec e s8!' r y. t owin g o f . 1cebergs at .

remova~ of the dr lll1ng :ve s s el.

1. 3 .S t a t emen t o f the Pr o bl l,!lll

The pur pos e of th18 study ' 1s 't o dev e l o p a n accu r at" and easy- to -

, handl~~de~ ' th st. ~~n be "," ed o~ t~e d~ck '~f a . d~ii~i'~~ vellse l to p~e
diet ~~e- drift of iceber gs .

A ';'S ~,hemati~~i ' 1Qod el ·t o pr~dkt .th~ iceberg dd f t tr~jec,torY ha~ a

' ~eW , p8~81lIe t ~rll whi c h de pend 'o n th~ , c~;'rac t~ri~t1CS o f ·'i ceber g s (e .g-.

mass , ar ea under a nd above \la t e r, dr a g :coei f1 c i e n t s -i n \la t er a nd a i r );

and · th~ ~red1Ci~d iceb'~r.~· traje~tory of 's;;~'h a 1QOd~~ ' 'de pe ftdG 'l ~rg~:lY
, ' .

. upon t:J.ui.input .ta t he lIl~del which ~;t"e the ~nv~ronin'1:!tsl f or c.es , (e .g .

~~d and _ curr~nt veloci t ies) . ~e va11dl~y , O f. ~auch a mode.! 18 balle d

OD t he 'COJ/lpari.ll on o f th e predic t ed t raj ec t ory wi t h th e observe d ere j e c--

.' .. ., '

· t ime a 1'.'" pressu~e s ys t= pas s ed . Over t he. a r ea ca using deviation s
· .. . ~ ,

f r olf: t he ~egU1ar ' i~eberg trac ks (Figs . 1-1 an d 1- 2') .

Though detailed d;;'t a o~ i c eberg dri~t' traj ector'i~S and wi nd J

\
..ve l ocity 18 availahle , t :tter e i a 'liDIi t ed i~fonnation a bou t the para-

, " ~tera of ~he :i.c·eb~'rga '~~d the . ~'rrent velocit y near Ch'e i cebe r gs· '-' . '
unde r iDve~tig~t10na .
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t rajec to r iu whe r e deta tl ed lnfomti~n about

.' .". .- . ; . .'

c.ur l"e~ t da ta 18 .'Ya lla~le ~~ an e ffoft is .mad e to ...ri.... r e·.lecb..rg .

"pIor _ t e n ullill' in foraat ion publ~llh~d 10 tbe iiterature •

. . ," .. ' . -. .
l' 1nall y t h,, ' r e au it . a -re cOlIIpa u d t o t he ob ••rved tujectodea to

. chee k t he va Udity of ~ht=.ade1 :."'" .
~ ~ 4 n.ut~· Ou t·Un..

, . . ' .
• •Cha p r e r .l ' h a n tnt ~odutti<m .

. . . ' . '. \ '. . ~ .
. Chap t e r 2 pr e a e ot s the '[" l ev o f pi~lo..... fi eld , t heore t i ca l and

' uper l~ll [al · ~ ~udl~. on iC~bcrg drUt .

Ch..~te'[ J d~;'<: ~ lb"' 8 the mat hematical IIIOdel '~d the BeleC~lQO ~'f th e

. in pu t ' ~. rume~e~. to t he ",;,odel : ' .

lQ" c!,-pt~.i' , 4 .. de tailed ~ tudy' h , r en nt ed OD. a n oblle~ed 1ceberg

__ .' dr H r t ra Jktol'1 {l2OC~ Fli . 1-2 1 rith aD l~l!!guiar U- turn t hat t oo k '
• • r , - . . . ' ,

?l~~ 011.'1:1,, & .. a to n:lo. A lIA1:-.t l:!.C: s t ud.y on en. i c e be Yf; dYUtinf, i n '"

.s te.~y l eostrop'h1c c'urrent h , pre8.~ted '- 1~ uoll.-d1_~.1 Il.l181 ' cQOrd in . t ...·. ·

. '. ;. . .
g. . pter S pr e s ..nt . ~.11d. of th e o.bserv ed u . j ec.t or i ... . 418c .. a-

: ' ,.-
. Analog· -c~put~r·a~. t1oa t ..dm1q..'e• •• well • • Some pr-.ct1 c:al .

·.PPU~.t1on. 1 11~1~d1nl lOOp~n& . a~' api~.·l lIlOt i on of 1ceber-~8 a u pr-e;. ..'

ee lI t e d .in Append L.. A.

It. f !n ite aleme-Ilt .tudy 00. the eff.c t o f chan l " ill -oc eaa. aur-fac e
", " ' 0 '" ' • .

e).e vaUOII whi t b . r e c.ua ed by 1:0" a~.pher1e pr e.....r .. lly8t ..... on the

oc ean ~ ...~t ia· p~e..:uted lII ' AppeQdb; II.
. - .
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REVIEWOF LITERATURE

2. '1 , Fl~ld. Studies

" Smith (1~31) pr esen CeS ' gen~'~al 'dr ift patterns of iceberg mot~on u~~er'

t he influence of 'ocea n cuir~nt~ and ' ~ind generated cut'r~~i:.l1 based 'on ic-e-
I ' " ' - ,: ' ' . - . ,

.be r g obs ervation ~ear t!le Gra nd Banks . -':P .os.t (,1956) has s hown. that t he

drif t ~f iceb~rgll in , t he North Atlantic ' is main~y due eo-ene ce la r.t ve .
- ; , . _ , ' . .', .r

s trengths ' of t he .~abradorcurrenL and t he GUl~. 8trealJ. ,._ ~ . Kol ,llleyer (1969) I

Brune au and DelDFs'ter (1971j;- s nd Dempster and Bruneau (1973), i adic'are d.' . , . : " - .
t ha t wa'te t curr ents a re the , p~1lnary drivi ng - fo rce : I ceb ergs v,feb 'l ar ge

draughts . 'ar e foun~ t o ~e -itiflUented'atron~i:y ~Y 'deep steady cur r en t s while '

IlIlla.ll bergs are 1II0re ' s ens i t i ve eo wl nd-'induced su rfscli cu rrents • • The. . "

4irect ,W iC~ force' QD , th~ above"wa t er porti~ of, the" f ce,berg - is ~onaider-ed:

t .o be significant if t he Wi Ud,; speed 'i s: gr~ii. t~r , t han fifteen~(1. 72
. .

". fJI/s~c). snd its directi?" is con~tant fo r periods ' of t he ' o rder -of days .

De..npster (1974) , car~1ed ou~ 'fie l d o~se'o/ations o~ eighty . :l;ceberg8

and .oc ean currents near Sag lek, Labrador. in 1972. , -Tl\e atudy i nd icates

that the main ~n£1uence ~~~ iceb~rg -lIlotio ns _'is the ~trOng"Labra~~'r ece-eee ,
" " .

o., s~i-diurn.a1 cur rent ,a ~econdary cur -rent r e sulting f r oll a bottom. - . , . . .
" .effect, snd. f~r a brief' period . in~~~ia1 cu rrents r es ul ting f rOlll th e

effects of a sev ere ,s tOt"1ll;

" -ac eeen. (1 973) ~res~nted Ul:l1d m~Bsurements ~f" the ' ~urreDi ' off the

s

\ .



",. . . " . : - .
th!, _ of tM _an .cu r r en t ve loc:1 t y .and ~ome t n nd onaa tlotl of .the . C:r an8- · ~ . :

l . t ory cOIIlpooen t of t he curu~t . ~e IItudy ·lndicued .t h&t t be ieebe rs

,.

.'

co u.l d be ClIualtd b y i nertial c u r r e nt e f f .,cu .

. ." .
• the v1ad ,aOO current Cor ce. ua :Lag ill kJ...-~ic: .od.l t o ilI.p'pr o ll t.a t ll! t he

. ~ dYnaaic eq~tlon. o f .• oti~ · b y .sawa!ng ~b~t ' :Uie l cebeci veloc 'it",. " oui d b.

. ' ." .
moved ,2 . 5 tlmesfaste~ than t he c,:,rreot a t dep.ch o f 13 118te re .

····,/1
' J

.~

l
l
j
I.

\

' 1 '

R":"Sl'idl, ' Ri ggs and Robe (l~ 17 ) r e po r t ed r;;'; _ Held etu?, on tv,:,' i c e':

be r g... 8?d"?n;'& l~bor.tory ~Oder. 10 t .hll ~ield .t ,.:d~ two ic~tiet~. w:er'!'

tr.a" ked for ill number o f da ys wl~l1e dr~ue~ _ r e ' d" ed to . 1II~a8ure the <;1,11'- .

r e n t s in the ...10::101 t ,. . The relative dr'U u between th e iceb~tga,aodtvo . .
. ' :.'.- . ' :. ", .,:" , ; ' , . .. . , "

d l:o gue ll ( ooe Dea~ th e .u~face and . t he eenee a t • depth o f loo II) . ve~e

'l'ee orded • .Th~ anal";~~ bf t he 'l'.. IJU1 ~ 1It j ..... U.e.8te~_ tha~ t he . ic~e~g \aOVe,f

. cfye c:.J.ou17 to tbedui> d~og_ . 1IIIl. ~hat DO 8 i .ple ' eorr~18t io.. wUh t he , .

local v 111d field vaa fo tmd.

J
I

j

.. -'"- ""'===,,""",.., ~J
~~~-:--; . :.$±.$i~~- r ' ~~:<: '

:Ri gg e , Bab.. , Sull1V1Ul' s nd" Ru. " U (1979) 1'e pol'te d '00 a - field ..t udy
.. " , __ . ' I • • , . .. ' , . '. .

. . . " ' -.

a nd t idal _c urre nts predoatnat e over wi nd d;. i "and n_ ..ind.~riv_ current. ; .
• .' -- , , , .'. , '-- , " , - j .. •;. " • .
~here1l8 - at wi nd ape e d o t .oyer .ten kno ta t he win d ~a. a .aigniuc:ao.t , d iec:t

o n 'the drif t of an}cebe~g. The .r ·at;a, a ; . th '; dl' ag eo.ffieie1lt for t he

iceb e rg ' liI. above wa t e r portioo ee t he d rag c:oef fiC:i ent fo ·r i t a a ub mer ge d

part1~n . , .f ouad ta",~ange fr~ · ~ . s 'f~r at;onl\ /;"i nd8 .; a pprox m:.. t .8IY• 7

fo~ ., ea k -" i ade :

. :-.''.
. Ett~ ;' (i , 14) l l'e~"cted o~ a H!"ld oburvat1~ by. t he u.s , Caut Cuud

- ·OP d gh t ic:ebe~i.. 10' tbe 'pe r 1od of 19 65- 1968. "r e 'va a f ound t hat:at I_
• - J • "

wi nd epe ede th e e ff eets of p.r-aneu t eurr_t";, ol de r v i nd.-dr i ..1in c:ur re n t s

I
I
I,

I
L
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' c arr1~ nut 1~ the aUlIIlI..ir ~f '1978 ~here f oui-hundre d i ce be r ga ...~re .t r a cked .

b! a rad~r 'atat ion fo r ped'od8 of ' up t o 275 hour~ : ' I ceb erg ,size and. aha:pe

" . well a~ , eurren~. meaaur~~t we':';"- '~b ~alDe" .~ -gene r al r_~la t l0":ahlP be-

: ev een e he c~rrent pa tte rn and t he '·iceberg tracka wa s ' observed . Some ice- .

~erg t r a cks , ho~ever . elthib1t~d . signi;1c ~·nt ' 10o~1ng 'a nd Curvi~g d<!~.:1ng a~d .:

a ft e r . th~ pa~8a~~ »i .l~~ pr~88ur~ 8;1I~ra"~hr~u~~ ,t ,he, ~rea. '. ' The .g;ratl~~8
ilnd per io ds of t hes e l oops ,we r e muc h ',i a r ge r than t hos e reported by Detnparer

.' - ,- '. ' ..

. (197~~::: ::::':'~':::::1l .: ;<;" ~;'d ,".dy '"~i · l~.~.<g,
' t r a cke d by th e NI MBUS":6 aa teliite f or . periods .f roID., 138 ' t o 20 2 , ays The ; ,, · ·

. .'0eb~~.g~, . Oh. 'se~~~ ' .a~o~g. the .B a~ f ~~' ~Slaild .~oa.' st . wer~. , ailroun~. ' . ~m, B% t o

73% of t he t ime . Maxilllum daily average speeds were f d t o be ab out 0 :6 '-
• ' . ' " " . ' " , I

Ill/s ec . The drif ts were found t~ be ge ne r ally coa s t wise' in a a?ut he,rly

direc tion .

. 2 .2 ' Theor'etica1 Studies

Sc hell (19 6 2) e~t~at~d the drifts of ":l.c eber gs due t~' o'ce at. ou:rren~a

e~d ' Win d- g'e ne r a t e d curre~b and. :l.n.;licated that ~ind ha~ 8 sign;ficl~~ ,,,,f f e c t

.·o~ 't he_ i 'Cebe r g if' ti"~ont :l.nue8 .I n 'on: ' d :l.-':ect :l.~~ oYer a 10~g

period.1
". , ' , ' , , .." ", /' " , .,' , :, .-.,

MU~ray' '(~69 j I dt;';ues~ . t~e: factors that a ff ec t ,th~ dt!fte ..~t,:A~e'-·

hergs .....J. point;d out theeffic1.ency ,o f the statiBt1~a1 appr;ach i n ,t he

determina.ti~ o f the~r ' ddfts .

:,> ' . . : . . . . . . . .
Coc.hka",off . Grah81ll, arid Wa rn e r (19 71) studied i ceb er g ~~'ion un d e r the .

effect o f water , c ur r e n ts an d Corioli~ ,f Qr ce . An analog .compu t e r model "'811

uae d ,t o so lve the diff.erenrta1 e qua t :l.ona of ." motion . In t he mat hematical
. ' - . , ' . ' J

,
I

I,.

1)
'1

.1
!
j

j
I

·i
I

1; .
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model , the dalllpi ng .tot~e wa s aaa umed to be pr~porUonal to , the. sq uare' Qf, ,

rel~tiv~ 'V.e1~~itYQf ' water cu r rent wi t h respe~ t. , ' to 'thl! -'i~;;beig . The" re- '.

sul t .s 1ndi~ated ."t ha t f~~ l a r ge .coriolia forcea ,tl!la~ive to d:a,~ :.nd " i ne r-

t ia forceB ~ tb~ lIIOt.ion be C01llea more oB~Hle.tory befor e appr oachi ng ,me
"' , , ', " '.

current di rection ;

sod~i and Demp~ter (1975) pre8ent~d .the' '~eaponBe ?f ;l.ceb~r~a due 1:0'"
" , , "

~ha~8ea i n vel!lct.ty ,of wa t er . The equa tions of 1llotion wer e de r iVed by

aaaUlllin~ t ha t ,t he watu dr ag fo rce i~ ' ~r'O~rtional t,o- ' ~quare 'Qf niat:Lve

.' velocity of the ,wa t e r w,i t h resp:.~ t to t he!cebe rge ~nd asa~ing tha~t iC~

,be r ge , ~e sp.on~ .~in~y to <:~,rrents , thua negle~t,1ng , th~ _"';". of CO~iOl iB

forcea . "Exac t '" ol ut i ona .we r'" obtained~, t wo cases _' rota ry 't i da l cur-
l' , I " ' " " , >. '. '

, r en t s , and , lIudd,en change of t rsnslatory cur ren t veloc i t y.-.. .. ' . .

, 6h~~ and ,Af,uj a ( ~9 781 us ed a ki~emai:i~ m~Od~~ t ,o analy,"e ' the ' av'-n-

' ab l e d~ta o~ !;:~erg drift 'i n",t he Grand Bs,,;s, Anthiel"odd ' .th~' " ';elOci-ty
. " ,,', , • " , ' ,: " I ' "

•of icebet~ is . 's ls,"umed t o ba directly. pro p: rtj:onal, to . ~urr~ntvel~c:1~y,

Baeed on t he IIl udy , auggeati ons have, been made t o improve the fptu re da t a
. : ' ". f-. r- ' ,,' , , " ' .

" colle~ tion ' a ~ t ivlt1ea .. . .
" ' ~

Mountaid (19 79) , 'has deve loped 'a oUlllerical model to pred1<:t i~eb~rg

drift, . A four t~, order ~ngS--K~~t~' teC~i~U~ ~a~ u. ef ' to ..integrat,, "t he

'; qua r i ona of 'mo t i or: Vht):h~onB'ider ic.eb ;t'g ' ac celeratlo:~ ; 'the w~ter dr a g •

. the ' ,s~r drag~ t he~lb aCCder:'t. i~ , and . a ae,!,su~fec::l~pe te·n.; ·' I

Teating of t he ' 1it~~l ' '~ei· long per16dB .of t ime: uBi~ obBerye~· ~~'~fta ee..
lceb~rgB , 'a ug gest ~, ~hat Illode l error ' i~ ' 's omewhat r,,:~do.m: i n "nat.un; ':--"'d pro b

ab~Y o~l~in~'t.ed "f~olll: lnaceur.adea" i n t.he ,c~~ren~ sn d Wind ..1nfotlllat1on sup-

.' pH ,ed t o t he modeL



"

to . ; rudy .mot t ons ot 8~h.C! ric.l a~d c"b1~.1 .ell1f- 1mIIl~r&~d Obj ~C t8 lII4~ e ' ~f .

p8r8ff 1n ' ~all; who s e Ilpec:Jtc: gravity ..as ioughly ,~h. 8ame aarha t gf l u- .

. ". '.. --- . .
of· steady- . u ta dr., c:oef f i d eti t . <=no dete~n.d. in t he .-:>de l Btud~ _~e

lower t ha n T~lue. nonaU y quoted fo r . icebe rg _ cloa . This 18 du e t o t he

• iucl. uaiOD ,~ t the ,i n.r tial t~m. in t he" d,~~ f ? r ee . 'I.....tim:.""It .... . po1ll.ted.

ou t t b.at t he pr ac:t 1c:e o f 1.&Dor i ng t~ 1.nel'thl dral ten a M in.:.orporat ~nl '.

• the 1ne~.t1ai. .:.o.. fiid~~t i nt o . "th~ .t~.d )'-.tate· eOe ~ fi':'"1ell t &.a )' l e ad " t o .c

, . -l
/'
1
j
I
i

I
,j ,

G
i
I,
I,
i

I
!

, ~

". ~. - ,' : ,' , . " !-,
Napol eod U! .19l pre llell t~ ~ev~.lial U_~~.l d~c~.~~~r. Pl"\" .

d l c:Uoe: of i c eberg drift . ID a ddi t io n t o t he . nvtr_ nu.l l "", d i ng • . l e _

o b u g rotat~on' .~ ace.ie r a t i c·Q alr~ateJ: er~,.ol:~1tin ' 11It o e0ll.8:l.d~r~t1~· fo r

-. ~~e ddf~ · .u~j KtOry prAdiC.~-iOn ;· · Th: r'e.~·li~·' ~:';;" lo:.l t..d th...~ lC"berg"r~t~

tl~n, ca ... dr ....~1c:.1l7 al t er ' rbe d'r U t and tha t ~r101b for~e ~~\_ .i~pll(l-

ca n t .e ff e c t s on . lc ebe rg d t;1ft . . ' .\\;

2. 3F E;;pe-.:ll1leoncal Work

" .rrOD~U8 -d r a" f o r o;:e' .t a l e ula t 1on s .

I

I
iI,
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. \ The drag fo -rce due to t he vllter,drllg is proportioM l to 't he ' sqUare

of t?e r.i!llltiVe: ~e.1~i:1ty '~ f ~ate~"with -r.~ ~pect t~ t he '1c~be~I!" : : th~ co~
s t an t ofp-ropo-rtiona Uty depend upon th~ o1~e"BDdBhape of the unde-r--wa t e r

;';rtion:"Of '~h~ ' ic eb e'rg : ' ' The cur;~n t is made of ~riy compo~ent8 . 'a 'f ew of

\
I

, ~\£R I~l__.
I CEBERG: DRI FT MODEL

·,
I

:,L:
3. 1 ·Ha l:hema t1. c al ~del ' / .. \. . _ , :' "_: .

. le,chu g ~tion .~.B th e n e,e { eauI,t of II wlde 'lIpectrWli of fo r ces w\lt c:

: vllr y : wi t h time a nd Spilt ';'. Some' of . chua f o r c e s are due to gra vity, pr ;'s- ..
. - ,,- ,.'-. ', - "
SUre " ~rad ient . ~l~d drag , _~~.~ er:- drag . ,Ce r i oH s effeetB, ' wave~ ~nd lIw~li!l' •

. S ~nce_ th is Bt~dY iai)lDlI~nl)' con~ed with. the hor 'i ,r onu l ~~emeDt ' of "";

bergs , only the hor'izontll l c01Ilpone n t s ,of thes e forcell 'need to be consid-

eeea, ,W,II: e - ',~nd ·8w.ell f~rcell irgen..r8~~~negl~~U~·: as ' I: ~~ i r ma:~?it~de\- .:... . . ' _, ·:f,
ia 1I1lI;"1l . in compll~1son to .- ot~er ~orcell in . the -h.o~.i~ on~al dire~Uo?!I '. n:e . " , j
,mat h,elll.ll. t i c.al mod.,i, d~,..crib_':'~. 1n:,~ the ' pr eSeDt , study, -t,~keB i nto ' a~co~.-n~ ~he ' ..'.... -. ".' '!.' ~
Big~if1cant enV:i-romn,ent~l , fo-r_CeB l d \le to wste-r .dug. wind . dral!; ?O-ri.OliS - . . '". ', . ~
llcce l'e ratioD 's nd lIel\ ourface a l ope (p ressure g-radient). ' ' ..' , , ';J

, . . '. . t ' - \

Tbt! BllIgn itu4'l ~nd d,i.rection Of :the., wi~d~lig force d~pend 6n,the

'and sillipe ' of ' the' ,above ' ",,~r por~ion',~f ' ~he ' i~eb~~g .



; " . :

~

t he ' icebe rg veloc ity to win d speed is ab~lIt O.OJ (Murray,. 1969) , sO t hat the

• relad~e" velo~~t"y of "win~>i~h .r~llPe~:i "t o 1Cebeig~1l , ~~~~ .~"' be t he w~~d
,:,e1odty i u eU in t he ' ~l'i'e ll 81on for w1,;,d dr~g :orce. ' .

The 'CO; i o l is force, caused due to, the rotating "f r ame ~f Tef~ren~e.

With the Earth, tends .ee EOve . the iceberg and the water "s urrOUDd1",.\ t he "

iC~b~rg "to th .. " 'righ~ oI-t~eir P~th ·~C1O~kw :i. ll e ) , 10 th~ "N ,;n~t<rn' He·mi~h~re .

i.n a " g~~Btro~hic' ,~urrent , th~ . preSB~te . gndlie~~ ,f or ce :due t"~ '. '~: " a"1 0~1n~" ~ ~ ea
surface bll1ances t he Coriolia fo-;ce due GO its e ovee ene;'. If th e icebe r g

IllOtion is no t', along a geon r ophic ~urrent ' di~ection;:"there a~e . two f,orce~

~ct 1ng on" th.\:ce be rg : "" t~e .corio1is force ' d~ " t o it'~ lIov·e~"nt and the '

prs.s'su re gradi en t d~e t~ the sea sur f~ce " s l ope .-, I n t he: ~re8ent '~ tudy , ~he .
", " , " :' . .. ' , ," . ' ~ " ..,

pr easure gr adi en t f o r ce i n 'each l aye r wi ll be lIl,,-pr e llaed as ,t he negative of

" ' . , " ' .
"· 't h·e ' s aine f orces ' w';ui~ ~leo 'b ll: acti~g , ~n ~he iClllbeIg t o ac celllla a . th e i c .....

b'e r g .: , So ~be, ,£ o rce. balallc lI" "tllrm 'mull t" 'in~,~Udll " t~I1II \lhi,Ch , take~ "int~

ac~ a:unt ~~. for"c"ei:cce~~r~t.~ng t he ' ~a~:r mails a:;d,",the "i ceber g a~ t he .SaMe

"t i me , and t h i s fo rc e "n 't he i cebe r g wil l be equ a l t o ,t he product of "lII~B" •

:'::,:::: ::.:~~:~==:,~m .'
--" ,",_...........-, ._,\ '
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I,



'. ( 3 . 4)

I
I

, j

I
j

"l
" it
' f

f
I

./
( 3.2) -.

(J~J)

(3. 1)

.) ,

, '

• C~ft.llt.""~f th~ lce~erl ~d~c:1 t; ~ the x .aud y.~l- ·

re~t1I,)ll• .• 'U.pe C: ~ lvo:ly • • ' .

-: .ea-ponent a o( ,t he tun-eat ..d oc i e1 in t INt' J t b l.~r .

12 •

. ' -POd~10~ of the , lce~.;rg ' (1<' and ;- ':.:x~B ~re . i n ' t~~ ~lrec
tlou of e • • t ~nd Dor t b , r~.pec t ~ve1 )') . -:

M ~ . ~ 1ll8Sa of the , i c ebe r g and th._ .~d.d uu • .

" ';' ....... ~ f .. . t n d 1e plac:ed by t ha i ceberg 1~ t ha Jth i ay e r .
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, . 3 .2 ,Fa r_et en at t ha Iceb~rsa Under Study .
, " . ' . . . . .\ . . . . .'

,.. \ Si nce t he lII& ea , a re s an d dr ag c~ff1cienta at the i ceb er gs.under at udy '

ar. n~t ~. th'ea~ ' ~~'l~~. are e~os~Dfr~' the 'r ange ,'O f valU~~ quoted 111

: l~t~~t~e. '~D~ this .ect1~~ ' d·'~,~~ r ib.~_ .th~' ::_nner~ i~: ~~~~~ ' ~h. ' pari:te~~ .: .

· use d :in _t he/' p r e sen t- atudy er e ·ee.l e e t e d..

· .
'. eq uatloo8 . lUy be in~egrated provl~ ecI. t he. ~urrant . and wind data _. re aupplied . ' '

· a . -t b e f~rCing f,IlnCtlOQ (dr inp~~ to ' i:he· .Dd~l ) 't o obuin the respon~e of

th e .:odd in 't he' ton of the icebe r g velocity and ·posit i on . ~ S~nce the se t

-: ' ~f dl~fereotl~{ ~q~riona _ .-ce · co~~·~d ~..: l1near , · i~ i~ eX~itio~a-to
, 1.nugratethea virh the hdp ~f a digital cc.puta~ · o r an · aDaloll eftPuter,

" . . ~ . -. ~ . , ' . ' ., '. . . ,:.:' ; ... ..- ~

sad botb ,of theae 'C","pu t ers ~r~ u.~a in t he prasant a t w y: The j ata i l . of

t .be analog .~.tl0Q .~a giveu: ~n 'Appefld~ -i . .,The 4th ' orde~ aUSlge-:--Kut i::.

_Chod is ueed t o i"uc~ate the ee t _of equ.i.t1on: 3.1- ' .4. with .t he he l p o f

· :~ d~;i ~al ·coiapute~ (PDP 11 /40 ). :l.~~i wlth -e, pl~ttlllg fe c:UltY .

'. . . . ' .
• direc:t l~n of wlnd meas ured' antl-'cl~c:kw1s l!' frODl x llXlB :

-, :- , " :.' ."
I f t.he par__ t e n r ela t eel. to t'!e- ice~erg a re known, . the. ...b<nl'1I ee e at

" - , -',
o f t he above wa ter ' por tion o f t he l o::eberg •

. ~· -·.lcuJ ._ . '1).2 + (V
j

- v)2 • · ~ be. r~la~ ~_ aPe~ of c~rr'_t ::

~~h re.~ct to iceberg i n t h a J t h layer.- .

• c .... P?n ents e e. wa t e r acc~~:er.t lOl1 i n the J th · ,I.:.y~r >

• 2,~ S·10. , Cori~lie p...r~ter .

:- 'a ngular ve l ocit y .?f Ea:~h ra:t.t1on .

• latl~~de :

• croa a- ae<:tlOl1 .rea .p~ndlc:ular t o tb e vi nd dlrec:t1.oo

,
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:~u· water . ~. and. :iU_ .:~ . -~;; ·~~U_~, o.n, th~ : Re~Jd8 ,n~b;r . , ,~R~ ;' · ". ',,'
- V~ueB , of Re (o r i ':!"bergs a~e o~ the order of 10 , ( I u ten1ational Ice~~,trol .

1960 f ; ', The 8tu',dl~8 - r~poried 'j;, the:'In terna~i()nal' I ce Pa1:~~t lndic'~ted that ~ , ,
.. ,: . ' , '- , . ' , .- /, , " , -,: . ," . ' -' , ..' -. , ' .

. ," the drag coeff1cien~.mus.~ be hig her °t han 0 . 2 bu t OOt-~lghet _ .thaQ l.O 'and
. . .

that the ~rag ~oeffiCient ratio fo r in a i r t o wster lies : be~ten l ~ O _t.o 1 . 5 .

£'ttle (~~74) , fouod.. tha t t his .r a t i o ,ran~e~ h~ LS .f~r , ~ t re:ms ·w.1n~ ~o._~ ,#:
ab out ' _~,~_:f o_r ';'e~k <i1nda. "' I n- a s tudr on ieebe~'g t~~g .Ch.i rlvelia and M:i.iie~

. ( i;78) ~Oa~ ~t. ': tia t·.-.~: "tor inw~te./1s+;~t ',9.x ~OB ~f. io~, .~;:~r,,~~~:~'
.. from .l~: _ . _~ o 10 ~nd '" co.rtea~:ny~ v~lu~ 8 o( CIil.r , an4 .C~al'~ , 1 :~ .,and ~.~

r:e 'pe'e ~ iv~ly .- . Dank'e 'and Sm1th ; (19{ 4) ~~ed · lIlD8.~l ~ieeb~;~. ;.~ : ~_he:-La~radQr o

~aat ,~d . o~taine.~ . 1 .:\,~8 ~ ~ean , ~:l~:~ f~~_.~_, ,~~~tr~ lI~~~fd .~,e~i:t~:~~ ,~ ~
. 0 ,. 2 . Silll1101l'.s t ud1es ca rrie.l "u t ';>y Weeks and C';'pbell '~~9Z~) 'fl~ l,!,~~e

ie~be rss i nd i ea i:'ed val ue/of 0-.6: to 0.9 . In &:loth e r i ceberg towlnfexPedmen: t ~

Demp8~~,t (~,~ ~',9) ;~'d . th~t a'~a.lue -o'f ~ t~bn '~~0.5 :'t o' ~,, ;' prod~~ ::~ '-
"o r re"t t r end s of ' motion 'but a value of 2.0 a~hi~ed<.tbe best fh. betwe en

' " 't~ c~' _t:ted ~-~ ·,~" tua1.'dat:. ',.., .~ : ,td~'h' v~~'ue" ,~~. ~f)), ,'11)" : ia '0'P~~6il~i,~:.
'pro bs,l' a .COIllPO.' i.t e Of. a dr ag coeffic i ent ' a;d a "o l'r eetioni: t o

: '~~~~ e ~or ~~ror~ du t~" ~at~tlo~ ~f th e s~st~' para:.~te~8'. ',~ ' -, ::. '
. ' . ' ' . -. ' ., , - . -. "

RUil s e~l' , e t ai'('19'7;! f.~diC~.~d t~~ v.a l uee . of , '1Jw' t~~~ ~et~'~ 'u~~~~
pr~~ie tion ' Oj , ite'berg dd tt a~ usu ally v~r)' hig h because 8te,dy-st'ate



.~ . . ..

It .C8? be ~oncluded_tb~t '~~ter ' d.~ag ~oefi1ei~nt ' 'fo~ iceb~rg ' ~a~cula:'"

t i,~ns range~ betweei:.. o . fl ' to L 2.:~-nd ~hat ' the, r;t~" Cna: r C
Dw

1a

· whe r e · ar ound L5 . ' , •

.I t ha s been de~ided t o use ~ ' ';~lue of ~~ 'of 'LO 'a~d CUa ' o~ i : 5 t eg 8:rd ':",

~ less of t,~,:, siZe ,a~d shi;~ ..~f t~e ,i.eeb'e r g . '.

'1;'ertial ' d~ag . : Inett181 dtag ar ises bec·atl~f' ·the , acceler~i:f.6.\ of th '"
: . . ' .-( " , ' , " , ', ' .': " .

fluid ar ound the ob ject . , The object ,behaves aa ~f a -maa8 were addedtp .

The add~d water IlI3SS can " be' dcte~n~d from th e potentia l flow th eory .
~" . ' . . . ' .

': ' . . , '

The . added mas s 1.n our model is as a Lllbed to be ha l f "'t"he m~ss of icebetg

a~ree's ';"f.~h ·_all1~reme.nts ~de by Balan t o;" and Lindell ' (l!Hl)'

c) Iceberg Maslf and 'Cr os s - Sec t i onal Ar ea ' _

I ce berg ~rSllleters Deede d ' for . t he ~odel ar~ t he ·mas s SlId the ~"DBSrrv:: ".c~ ,wa t e r .l aye r and 'in ,t he a.ir ',(~qn'. 3'. l J . " " . i.~ for:, .

.matioo ,cannot be obta1.ned 0ll.erationally. f or each i ceber g. In a tead obaer-:

veeaeee Illade ove r a n~er ' of Y,eaiah..';e been ' used. f.o establiBb aeven

clasaes of i;eb"rg~ 'wtdch could be d i Stinguished 'fram ai.rcrsf t ~ ' t ll,b l e 1

. ; reaenta' ~be ' ~ve.rsge areal 'a'~dllaaa c~sTsct:r1a'tica fo r each' clua :..a ·"pub..,.

i~eberg pa'~8Ileters needed f O,r , this ,s~udy ' ~re



" . ' : . . ' " '. ' " ... .
be rg drift {~a·ste.adY'eurr~nt ,a t a r U ng- f r am rest: Th i s '8t:udy ~ho";s t h...

d~'pendell.<:.. , of t~'e i<:eberg ~raj e~'~~ry on the parallJ~t~rs ()btai';~ 'b; ~it111g "..

th~ ' eq~atio.n 9 of 1>Io ~ i~n ' in ~, n~n-d~naion~l .£01;'111,:: / . I • '. \ . :

. . I~.- ' ~h"e aecoll.~. part of t~ i_a' .ctl~p~er , .- the Verifica:i~n of ~he ic.eber& .

dr ift model , presen~ed li n the previous 'c.hap t er; is attelllpted by c.ompar ing

~h('- : t ~aje~torie:, . pr'~di~ ted/~Y the ~d '; l :w1.t h " tha~ 'o f 1. eab~~~ '20~ 'o~Sel:'l'ed
near S~glek . La.br~cktr'. , 1 ~ .1972 : ,_The ,Jat a ';'s ed .!is ·lcput to t he , lIIOd...l .ore

~ ' . .
, the cu': r ent 'and wi nd da t a obtil1n~d ill tna -fie14 .·" The e~lo.partaoll ·b'etw~CIl ·. ' " ' . ' . ' . . .

l:h~ 'p r ed i c t e d anel ' observed :i cebe r g traj' ~ctoriea :i a--good .

, ..: 'Dr if t -o f an ' Ic~b~~B ~~artin~ " frc:m-'~s-i"' in ' a ~~~fo~ c~~r~~~ ':

.tc ebeeg. g~undi~g .1.8 a frequell.~ o~curell.ce. and bl f~.c,t ' iceber~a have

'be.e~. observed to ""?" grounded If or th;ll- 40% .~~. ..t he obse rv_n.t i on ~tme - " ' ~'"

·~Robe , ~i.er · ~Il.d .RUSSell . _19!,9) . ' . The, iC"'be~8s a~et~; be~o~ :l.~,\'e,~~ " .

. a tartdrift:Lng aga in whi ch 'pr ovideathe motiva tion of th!a ,atucly , ,r he . ', .

tr~jec~~o~y o~ an' '-ij:~'~rg '- ~de.·r the. infl~nce :f 'Onl; S ' \lIl.H Or,,; 'a rid s t ea dy

gCO,str o'Phic cunen :t in ' t h e ~direct i'on ~ U, is gove r ned by ' t~e 'foi~~ing :

cquat~on~ ~t ~o t :i: on wh~clt llr e ':ob t ained (r~ 'eQUa t i <;IIl.II ,3 . 1 IWd3',4 ~ss·ull~ng .



. . .
. tb~ ;Lniti~l value. of 11, v, ~ 'and v a r e "iI.UIII.~d t o b~ t erO . t the bea1n-

. . (-' . 4 ) :

> .

.-.~ '" -,11

.. , ~t~ ~

K~ elM;w"

-;. ... ~ - ..

where

~iii g '~ f t he '1~te~r~t10D ~r':x,~a.. The above lIet " ~ f equa~lon""..' ca~ 'be ~r~t- _~ :\ .-
. t eo ~n . ~. nOD-dbendon~ f~~ a ll : 1ven b~lO~ ': ' " -

I
Ij

I
i

. !

1
-·1

.-
<-Jr .

·· t
1·
I ·

..1

( 4 .5)

..
(4.8) ' ..

" .: ~' ~ .: ,

-.» -. ,'". : - .:
~ .. (l~~' )~ + ~fV:/. · · ·

, , -.. ,

.. "n e p'O~it 10DII of ' th e 1ceb.r~ (ll ' . y') ar e plo t til d f or va dOu" ~alu", of. " , . . ~

Tf in ,n g. 4-1.: The Pod t io oa of t he 1"ebargll a ra lIlu ka d after lrI t etv .il.l ,

. - "Of t " "" 2 ,; The p~rai.et~r ~ f ,t aki .. into' ~~~"ld.r.t:ion ~he -·cor~o l.h fac t o r. . .. .
alul. the l " ebe r li d;'lIr a~ ter iA tiea s uch ..a .....86 , a r ea u~de~ . " n er , dendty '

and ' d r ag coefficient . The rlUlge of value ll all llUllled for ; f 'have b,een eom

' p~te~ frOll ' ~h. valu;;' , g l~n ~' Table T- ~~r ~re.. a nd ,,"~"8 'of .1eeber gl .

::, ~·'l'he6 e. Pl~t11 an ~·~ll.r tJ too"~~' Ob i:.~e~ bY ·~h1uul~ff . e t ~1. : '~1971) '

':lIi n g analog llilll.u. ti~ 'of th~' prObl,e. , ' ~ 1rI1 ~~.1 .,tion'iA t he r....ult:

". .. llllI . of t he ,f o r eu ~du~ ~o ' ~be vate;r d ia l ·•• ,~ t~ pr~a~~e ITIl~i ,,-n~ (t he.' s~ '.

. ..-:_._ .._ :' ~',---_.-' -"~-"-'---" -" -"-""

:.- .:.';.....-~

r ...'.... ..
!

'-r·-" :~ .:
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Burface s lope) cau ....ed'1;-y · t h e jeo9 tl"ophl~ c urrent . ~ th e iceberg picks

up ap,,-ed; th~ drag f or ce \1ec rease,s"; ' and the ~rioli8 ;or'~e ~~cre~.. e~ ' t~
• _ • c • ". . . . .

couli.terbalance",'tfie pressure gradie nt fo r c e. , ", The initial wa vy motion _o~

an iceberg as depicted by ' c u rv eS fn Fi g . 4-1 18 t h e Tl'.8ul t of interaction, .
of the pressure gr adient reree and -the Cor iolis force . .' Af t e r a ,long t ime

from ~h~ Bcart of \ h e :!,cebe~g ~otl0n : ttle trajeCtOr~e8 ' beceee 8~ratght in

B Bt eady-state drift .

4 .} StUdY -~ f an1;i~'er8 ~1l1e~;ory .N'~ar' sllg~~k - '
In Augus t of 197 2, the Faculty of J!ngi~e ering' and ,Applied Science of

Hemorial UniversitY,"of Newf oun dland :conduc t e d 110 ' oc"a~ographio " In~eBt1g,,-
", , " . . - . ,.... "

cion collec ting data on i ceber g 'drift , .cur r e n t s and wi nds . ,Ii""!u11 eeee cee

~f th "i r activit ies has been deac ribed by Allen (1 9 72) . lee berg a ' we re

trac.ked us tng a radar in~tsl1ed i~ ~ 'sh6r e station a t Sag l ek;Lab r ador , · .

while the C.S .S . "Dawson 'l ,provlded by the Bedfor d Institute of Ocea nography,

: , ,ogether vith ,t he" Cln adi an A~ed Ser!ice~, 'Ma~f:~~~ ~~d, , CO~.le~ t~
I oc"!an'lIgrsplt1eal '"and tlIetrolog!cal da ta i n t~e vici~ity. A tll 1:al otlloe

hundred' and ten icebergs Were tracked, SOlDe for' several days and oth,er s

fc :r 'onl y s eve ra l hourl!. , The scien tific 'pa r t y abo ard the " D'avaon" ob~ain .. d

extens i ve , data ·on cur r en ts tit fo ur locations ,a s shown i n Fi g.· 4':'2. The. . .
current ' m:eterli 'w~'re in~tal led a t dept hll of 13lll !!.nd 75111 at ' eac h O,f ' t.hese ·

. ". ' , ' . ' .',
. four locations, 'and three additiOnal : urren t .,e t ers wer e l!"st alled 10m

above the 'se'a, bof'tDlll at lo~atio~~ A. B snd C, !!.hoWn J'in. FiS', 4-2~ .me

. .dat'; obtained ,f r om the ' current mete~ab presented and ~nalyied by Bol den

(19 74) " . His · ~on~lUs10ns. , tire 'that the- cur;en~ a t Saglek' oacillated with

. . cite tidal period of 12 •.5 hOllrs be,fore the sron.. of Aug~S.t 22; 1972, 'and

th~ oscillation ' periOd af~er ~he lI~orill vaa. inert1d f or e~rrent

\
1

I
j

.i
i
f.
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c re e e ee-e he sur face of wate r . Th is ' s ugg e sts tha t the !;It e m i n fl uence d ' .. , . , .. .. .
t he "flow con ditio ns 1n t he ocean !.<;- bo~nd~ry -la ye r • .•

The i ceberg drift t r a j ec to ries o~ t ll lned Feeoee , dUl::1n g ,and a f te r t h e

8 to~ ,al ong ~lth t he ~~nent a nd ~1~ eaee, pre sen t a unique opportiml~ ,

t o ,test th~ iceber g ' d r i I t ·model. The In fo I'llllltion r el a t e d ' t o t he sh8pe ,
. .

mass and area s abov e and 'b e l ov wa t e r of the lceb e r gll .;"'nd e r i nv e s t i gat i o n

a re~ no t avai l able, a nd r ea a ollable v&l ue a o f these 'para me t ers , have been
' . ' . .

a~8umed -fr om the ' data qucited in th"· lite.racure (MounUin . 19 79);

In t he fol1~1ng" weprellen~ .the re s ulu of-two: 8~udl es' ba s ed ea . ,

th is se t o f data and ' t heir' ma i n' conduS10';'_~ . · Late,r , t ho: dh~u8"1on i ll

continued \l i th the r e sults o f th e present s t udy .

II) So ulis.(1976) "" the dri .f (~ata of IIPpr~xl~telY )) iceber$ 8 ' .

to ' deterllline II v';ctor cro9 ~-couelat li>n between ,t h e iceb e r'g dr i f t ve l ocity

and '~h'e wind '~lId ' c~~~ellt data , · A.1 th:Ug~ <I.et~i1ed' ·b i!h ~~ :1.0ur ·· of a n' i~eberg
". ' ~,s h i ghl y in.di~idual, SO'~1 :111 "(~976 ) ' ~oD~l~ded t ha t , in g"e~e ral , " ~be ice

, be r g st Ud i e d:

~l) move d 2:5 tiJneS , f a llt er , b ut in .t ,h e 88ll1e direc ,t:1.o n as , the. mea n

current ";;pe rienced b y ~he i c eberg ,a t a de pth of 1 3 Ii",urs , "
" .' '. , ' "
2) ha d str ansito ry v elocity compon e nt wh i c h ·equ.id 1e d 0 . 5 of th e

" , . ' "' , . :
t ra ns i tory current expe~ienced by ' the ~eberg ~t' II d e pt h 'of ~ 3. me tera

.ilId . ia"~.'73';,:

3) had ", wind_i",du ced veloc i t y component equal to 4 % of a nd 25

dagrees to ,t he dght ~f"thewi~ ve ltu::ity : "
./ " ' " . ' .

. . , "

The above conc lusions by Soul is (197 6) ha've b een "a r r i ved at by co r r e-

ls t .irig t he ,i c ebe r g :~rif~. v eloci t y wi th t~e cur r ent ~': ts ob t,sin e d at. 13 "

'!
i
I
I·

lJ



: . . -~, \: ,, : " ' : - ' ~{
1..'te~1 d"Pt~. ' Th••e r".w.~. Ibo uJ. d be u ..~ .. ~th ~.re bec:auu! !U' ~c:~r8 .•:."~"~""

ex tend. belo .. tlla ace. i.e: b~.ry . bJ'el' ",h k b i. ab?u t 30 .to 40 . deep , ', 0.

and tb~ eee eee e .lata on the 13~~er l ..ve~ "';"ld be ,:." 1ndl~torof eurrlflot :f, , ': ,, ',, "" .' . .: .J
e....po. ~t1.on 1D th e bo~nd.a~Y la?~r Oft11 .~~1m1..1A~ cro.,.~_eOl"r e.1.t1oa . . ,"".',

\. be tween t h e l~.berg velo:..-1!:)' l'~ton aDd th~"~d de.. "", ,,, c u trellt ,

ve l oc:1't)' wa . not a t t...-p ted per ha p s d",e to aaltunct lolilr -o f the two. cur rent :
'. " . i. , '... -.....". '. ; .

lIet: en ,a t 7 5 lIet,l r a below a e .. l u r .f ace l~~el: f1oweVII'T. , al~ t h.. current

lila-t en 10 1l>e t u . hove l ea b o ttolll' ":,,,n ope rat ional an d , pe r haps . CI:O"II- '

co r r el a t i on s , bet ,,,,.e n ' ~h. c urrent- data' obt al~ed f r Qlll 't ho ile "cur r e n t, metera
', ' . ,-- ," ' , ..'- . ' .

and -t he I c e ber g drif t vd o .:;! t )' ma Y,ha ve b ee n mean in gfu l,

" /

b) Demp~ t"er Bnd B1"une~u (1 9 7:) ne ve gherr. a gene ral Up1~1I;~t10n .

t h a t th~ i c e bu 88 move und e r the i n fl uen c e of ' c u r r enta wh i ch c ';"un t'hem '

t o ' have. '"Uajee t0 1" ie~ te t h e fo';" ~'t" lO?p ' aod : .Pira~a" v~en ; he re:"1a v"~k
o,: , no wi nd . .... -:e:n tloned earl ier, ' the ' a tol1l w i ch ' ~"d'. ave r t~e a r tla

On Jui8'ua:t 21- 22, 1972 , ca:'.ed co nsiderabl e , di8tu~banee in th 'e traj~Ulri.a .

o f f~~ i~~'~•• Dnl>~t'er .~ · ·B~U~ ( ~~13) a UJ:&'ea t e d an . eXPh~nion ··
, '. ' . .. " .

-: I
ij

fo r these ' de...-tationll t o be t .... ef f ect o f cu t re nt. , nt up due to ehaDgea. ' - .. . .~'

~ tile i e a aurf"'c~ el,e.,at lon 15 t he l ev at~ap~.rlc pr ••eure zone p,lI88ed

. , 0V~t' the a rea. Fo r . ,"' U .on.le88 s u .and oo.oltlneO~ ~.t.r . ' t h e cUn le .

, ~~ lie1.~h t : ( h) of 't~~ .•••a eeer ece . i~ . r.da.~~ t.o '~ ha ch!'Dge i il. t.he~ a~80~- I

, '- 'ph e d c pre.aur. (P ) by 't h e upre,,~lon (Ne~ and Pl . r "o l>, 1966) .
. . ' , a . " ' '' . . ' .

Th~ abov e , e~u...,ionabo., '. t .... t ',:1.0 t~ ' . re. a DC 10'" atmo Il P~~r~~ pre88ur~
th.. · s e~ ~:rf~~. ' ~~va~ ~ll a ~ b e h:i.g~'er ; hSD th e , 1II"~ ' lIea:, l.eV:~ ~ ,: a nd 'vi ce

v e,r a s. Al t hough the i nve ra" I>r ea aur" l a w 11 no t a t r1c t l y a pp l icable to

adynaa l c . ' ·nO~~h'O~8~.~0.~a . ~~~~ . it doe.~ l iv e a~ 1ndl~ .t10~ ~f ....gn~t~...

( 4 . 9)6h (c_ ) ,- - AI' ( ..ban) .
' . " . .

j
l



,. ' . ," . -.
,of dia eurbance c~uged by an ' atll09phedc pe eaeure ,

I , , "", , ' ', " " , . ,
Wh.en the aea surface level change., ,the, c~rrenta are aet up t o ,sat-

isfy continui t y , snd th e equa t i on of ~ontinu1ty ill vt:ittenbe1ow (Neu."..nn

and Pi e ra,m, 196 6) =

(4 ,10)

,wher e u and v ar e •~~e ' flor tzonta 1 wate.r ~e10c1ties in th~ x and :Y, d1r eC

,'. U':'na . h t be "depth, of oce'anand 'l (t ) is ' t he ~hange of lies allt f8.~ e lev~l
. ,.- -.. ' " , I ' ' . '. " , , ' , . ' _ ' ,' . ~; r'

a.oove the, lUea n level a t a. parti, cular time t ; Dur ing. th e s t o,rm. the a t llloa..,.

. ' , :. .
. seudy a:~e gi ven i n Appe ndix ' B.

' c ) ' Pr .. e..ntStudy ·
' , ' . I ' '"

The ou1y ,o t he r reason fj:lr the c01llp1~ ' iceberg' traje~tor1es dur 111g
. - - - , '

th~ ,8 t orm ",a,{' be, t he direct acti on nfthe wi nd on the 8a 118 ,o f ': the i " e-.. " , .
be rgs ' and the i ndirect ~c'tiou 'of wind on the oc~"an1c b~~~y l~yer re-

8U~~~ng i~ wi ';'d dr ive~ 'c'~rrent~ whi ch in tu~~ ' :"ffe,, ~ 't-h~ 'i cebe r g Iiot{O D•
. ' . .

Figur~. 4-3 "sho,,?, ' t he cpnt~urs' of a'tlIlOSpher~c pressure systelll before and

i.fter , th~ crossin,S of th~ · . ato~ c....tre thro~Sh Sa ;lek. and -it ' ah:oshOwS,



I .

the re versal ~f ;d~~ d1rect~ons duri~gt'he storm", I t is fo r t his pur pose
. , . - '.

, t~~ pre lle nt scu.dy · is U~de~t~eri' t o -develop an leeber~_ drHt ~odel an d

/" co mpare the "pred i c ted 'lc eb~ rg t r aJectorie s t~ t he observed OneS . The ,

sources ,o f th es·,,:dataf"UfI!'d . t o ' r u'n . th~ lIIO'de1 .are given be low .

~

As ment 10nedearl i e r . ,the cu rre.nt data i ~ ob~al,ned fr01Jl lD~tera '

at fo ur 10ca ti6ns. A, B, C and n :(lIbmm.ln Pig ; 4- ,2) sod at '

"1 j ,;,;; ~2' ,B2, ~2 and D2 ~t'75m and AJ • B~ . · CJ 1 0 lIeter above .se a floo~ .

whic h ar e ' 165~. 14 6m itnd 1 76m below the :a e a 8~rf'ace a t locaUone A, Band

_C. r~8pec tlve,ly) . The- curren~ met e ra A2 ~n~ Bi record~d only elie C,urtellt

d i rec t ion f.an d noe t he ma~nit.Ude due ,t o SOPl? ' ,~1f~nc tl O1l ~f th.1l1 ',~n?trw:nent . .

, The da~a us ed ,f or runni ltg the icebe rg ddft ec a er u se s t:be,}1~ec t ions

:mea s ur e,d' bY ~ ,a rid 8 2 and ~he magnitudes me aBured by A) and •.~) . Thi~, 'i B

~tifi~d because '~he ..ag~~ w<le: of t he g.eo~~ro~hic cur~ent .;S sppr,oXima~~~_:

cons t an t between ' th e t op and t he. bottom.. oceao ! c .boundary . l aye rll .
'. _ , ' _' I

.Sin ce t he i ceber g d dft model o;-nside r e t he wat e r colum n 1n two
'- ' , ' - ' ,

layer s , . t he oce an bound ar y l aye r ,ex t e ndi ng frolll the oc ea n Bur f ace t o
. , ' .

abou t 40 mete r,s depth and ' the deeper layer from 40 me ter depth -t o t he

ocean bo t tom ... the cur' ee nt ,1:n _t he. de e pe r i .i.ye r is a saumed t o ' be ' geoatroph- '

i c and cons tant witb reBP~c t to dep 't h for o~r cal c~atioriB ~ereast~
: '- ' : " . ' " " '- '

co r eene in the bounda ry l aye r is a BBUllloEl d to be the vectoria l ,s um of, geo..,-.

. , , . .. . ~

wi nd driven curren t B t o be ' in t he fOI1ll of an Ekman_.piral, we can de r1ve
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<e...eper .vat~r .

"if t he vind .bear IlI tfe~. -vec: ~or' · 111 .~tlDg 1n ~be .,. " l1recti~ (l .e.

' . .
to t he -n o r t h) . t he vllld. drh ell cun en t veloc i ty t _ po n ellu to t he eas t

a nd 1I0~ ~h<" 'y' a nd Y' . ~re g1~~ by t ile f Ol iovl0& ~~e~~10~ (N~~~. i 9(8) .

u ~ v· ' e~ ("' /D; Z CoB ('4;~: ': ''If;i~) ",
~, o

.' . .... t . . -- .v . V
o

.- (~ /D ) Z· · S1n: : ( ~ 50 _ 'r;UD~ (4: U ) " .

. ,f . : '.

":h~.r~ ',D ' • . ,36.7m/~. ,.v",' r·l!.pre ge~,t,8 ~.he : '8 p e~d, o f ,t b e 8~r fac~ <:Dr_rent. Z .

t he liep t h bd ov th e wa t e r allrfac~ and f t he l a ti t ude o f t~e loe.tl~ri. . !he

ab~ve c~rtent .<;u.. t l' 1b.~ t~O Il. h : knOVD a s t ha "£m.~ Sf lr.aL" ;

, " , ," - 0 " • "" - .

The 1&t lt....<1e of S:"-IlJ .elt 18 513. S N. and t h e 6ept h of boundary lay er

D-3 9 . 7 me U rI vbt !:h .~~ .PPI.O~a.telJ ' equ&l t o t he depth .~f 1IIb:~8 18 ye.l"

a s fa ..""i dellr f r a. t he c o nt our ,l i nea of t ile _ ..ured STll da t a (!.l1 en,
..' . . . . .

1972) , .~ ae t . wat er man t u n"aport , Sx -:l d Sy ill the ~t .. r1 7 a nd

". no rthly dir~ tiane i~rose I ~. v i ;,.'t h are , i v ,", b7 (Neuaann, · 1 9t>a) .

., .

. . .
levels ' i n t he bo und a ry l a yu. · XII.t hl. · t heda. ' i t h ·• • 'UIIe d t hf.t th.

b~~ry ~'7.~ ha ; ". U~Onl '~~loc1ty . "u.:b t~~ t he ~~t lI~tf'!r ...9 tr""-,

r

Thia is a reurbbl i r e sul t" wh i ch s t a tee t ha t toUI wa t u mass traa aport

18 d.1~ect~ 90° .t o ' t he' r ight of th~~"~1.nd s hear ~'t·~e8~ ~i~e.ct 1.on · in th e I

NO"h''':H~,"Ph''' ;:d '0."" ..;" '-~f,.i; .1.d · ~h;:;, ,,~... ,;,,0' · d".,,~
tiou in the Southsm lIemh phere . The ~_aff ect o f w1.nd drivet\ cu rrent a

OIl the 1llOtion of "~n iceb~rl is t o i n t e gr a t e ' ihe<lu g ~~rtU at d1ffen~~

,
! .

\
I
1·

\
!
J
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' i
I
i

!
i.,.:

t
··k

• ·po..t h', ~'1ua1 t o tha ~ .t~~ t n ..quat~ 4 . ~ a n,i t he dt~ect1on h 90~

to t b e ..i E!l..t of t he.' ~tlld abea .. . t .. eee vec t or .: Thu. . t be .".. ...g e ...~ter

·velOC 1t~ COIIIpollellt 1110 t he boupda~ La:'-"" h;:; - O. 22SV
o

And ; , - .0.

Uting eQ1,l.l.t :1Oft.1 4. 1 1 , t he "eloei ty <:<*POn eftti at 1311, below. the aea ' a u r -

. f aCe 1 1!Ve1 a re :

Henc e ..... e obt ,,'in a f . ct ol' . ~q llal to 0 . 628 , vhic h i l t h . , ratio o f th e
. ', : ' . . . .

u gn :1t udea of th e a ve n ge veloe i t y t il t he bollnd a ry 18ye t ,t o that a t I J Ii!

le"el " and , t he d i~ferene·e b~tween t bdr dltect t o <UI h 13 .9
0

• ".1
.. .

The ~Ollovtng' ' P to<:ed~:e h f OllOlled t o celc~bte t he . i n p u t data f~t ,

'. t he c urrent. l.a t h• .odd .d . ac r :1b e d til Cha pt er J t o pr eGt et the icebe r g

dr t f t t r aj e c t or t e ll . Let t ha .ea8ur ed v e loc i ty eoapon e llU a t t he 75 _ te t

I '.'d.ep t h be
j
d e . l gN t . d as 0. a lld .Vg 1.D. t he ~ltlrlY an d no rthe r l y .d i r~~ tiOtlI!l ,

r e" pec.tir e I Y, aDd l~t 1:. a~d V. h e t ha d eatPat:- g1'l_ to t he V.elOCit!

da ta i t ,i 3 _he dep t h• . The ie ..b erg 'drlft "'d a l aaad . t he i n pu t ' c:ur r ellt

'"Od'~''' ,"0 1;,... oi "• •"u =1~ u; . V1 1~ '" . ~?.;.""' ..'u
alld ' ~2 '- V 2 - 'ill ~he deepa~ 'i.. , .e r . For t~e dee pe r l ay er . t h. ' i n p ut ve l odt y

c1aia .,.1a \akei t~' he t he " " ~a t he ae aaured ~el~itY ' .t ~ io. U 2 -- Og ,'~ll~ ,

V2 - \ : . Th e av~ l'.g. .... t .t v~,OCitY eompo~ent. fo r the b~undary l a,y er : '

&) e · u ltell ~8 foll~. : ' " .

. " . . ' , ,
01 .- O. 628L,(UII.:;ui COB(IJ .9 0) - .< :v.-: ,,) St n (13 . g

0))
Ug .

.. V
I

- ' O .628[ <?~-UI) S'ill (l 3 .90) +<~B'-V,,)· CO.(l; .~O)J Vg , . ' (4 . 13 )

. ..' , ' ,

-'.__ ._.~. '-' - - ,- - --.-'.~~~. , . :..;}J~~i;gJif · ;_1i~

, I

. ···.·1. ···
!

l··.LJ
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," ' . ;. " " j'
~e equation 4,.13 eff".<:t·ive~~""perfO~B the! ope~a.t1on8 O~/~dJ.Uatmen~

<, o~mago.~tude and .dl t ec t.l on on the vector of "" windg~~et'at~d -t ~'te~,t.

: . •.•. lacitr and ~the~ adding t~e geost~oP~iC compo.ne.n u to Ob. t aiQ fi. •..~e,_Fag~
velo: Hy in t he bounda~)'la)' er . \ ,!/ ."

.. ' , " . ' .. ~ ,
Since the current ,ve loe1ty va ry spa t b U y as well a s te.mpo rally ,

th~' 'c u rrent d~fa _~ B interpclated i r o.. to.e curren ts Val~el!l\ ~~ cor res pon d ing

dep~ha at · locations ' A and 11 t o predict 't.he ,t r,aj ectory 'o f Jp..re lcul~r_ lce- ':

r en t. me t e,r a . Ji cubi,:, In terpo l~ tion fun ction , i~ , uB~d to ' Iliv~ mOl:e ' we1 g ht

to t.he cun :en t',lle t e r cl oser . to the ' i ceberg ;

.uin t e r pOl a t ed .. tla 'F + UB (l~F)

whe re , F _~, 3~Z ; _3~3 , ... t - " ty"i ~ Y»)f(YA".- YBl. .

~A' UB .. ,da t .a f l'tllDcurrent me te r s a t A an d ~ . ' rll spec t1velY,

Yi , ~A" 1~ . , or dinat", of t h e .Iceb e r g ~oaitiin an d l oca l::1ona ,A snd

. . 11. r e ap ec t i.v el y. •

(ii)~

A~ tiTat, ~ne win d data " as obtained fr om' ~he at~sPheriC

preasu~~ charts 'obta1n"~ :fr~ .snViroTllll~nt Ca~sda (GandeT offtce). "' Th e

i nterpret ation of tbeae six ho ur ly at1nos phe.r1 c p r eseuee datil wa a done

by a'n ,l'Xpe rienced JaeteoT~loght '(Mr,. Duncan Pinna~~on , ,;'f IfORDCO Ltd •• • '

st. :J ·Ohn.' s ) ." The wind da~'; ..tli~a ·obt'-ioed. gave a geiOd id~'Of t.he ,wind

s'peed and directions·'-

Aa more detai.l~~ '~ind: apee d.'· ~~~ dh·eC~io·~· at the' 8ea ' Burf~~e ar'~ · '
r e.'luired .t: o run t he iceb~ri dr ift model. we ob t.~ined t.h e wind dau '"f r om '.

th~ i~g'bOOks, ~f~.S '.S . "D~slm'.· ~?ere ~u~~· ;d~t~w~~ : Tec~rded ' at::-- 2 ,t 0 4

G

I
. \

I

·'1
i

J

.J
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,

F1. g . 4';"8 ehDj/s :t he ef fec t of .:i n cl udi n g and-"exc lu di n g the Ca r ioUs

. .
two iceber~ t1:8j ec tor~ee w~en the :ic eber g 18 dri.ve n by geoetroph:l.c ce 'r-r-

rin~a oniy ,,~nd _bY geo8tro.Ph1.CCUrre.~t8 - w~d ' toge ~he,:' . in t hese t~o '

figures , ·the effec t " o f exclud1Dg a p articular env 1rl>lllllen tal fOJ;"ce , .('a n ·

\ . .
. F:1g . -'4- .6 8h?'lB ~ P~~~lC~hd :l.cebng t rajec t ories 'whe.n the _ :i ~ eberg

1a dr:l..~en .bY the wi n d alo ne. a nd by t he cUJ;"r.enta alone ; F1 g . 4- .7 shows

4.4 - _~

boun i.n terva l.- A. Linear :Lnt er pol a t .i on 18 used to deduce th e w:l.nd ;spe .. d

~,j dl~-"eti~.n s t an · in tem>e d~ .B ~e;' .Ullle . ·
I

• • j • • • - •

S;in~ e. t~.e mass a nd ot~erpai~:eter& . .o f the :i ceb~rg,a~,e Dot knovll .

t he tr~j!ectDr :L ell o ~ :lc eb~rg d.rifl a re ob t ...i~ed US~,g s~ail :.:aed :l. Ulll and

large non- t abular l:c~bergll '" si le n in ~ble }" and riga . 4- 4 ,a t;'d ~~5 --.

8hO~ t~e _ pre~cted t r a j ec t o ries a\o~.g __...~th t he obBim:e~. ~~aj e.~tory of

:Lcebe rg IZOC during t he stoJ:'Dllfhiell. pu sed over ,t.ho;.ar ea. OI\ August 21-22,
' . ' . . ,. 1 - ' "
1972. The pr ed ic ted traj ec tol')' of a ued!-um non- t a bular iceberg ( Fig. 4 - 4)

gi ves a good fit to t he Db~eived "e r a j eceo'r y / and "t hua t h e ieeb e r g 1200 i~

as'~tIlIled to be."a, ,.~d :iUlll n~n-t"ab'lI~lir lc~b~rg .

)

i
I

' . },
I

!
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F1~a1:~y. P1.g .4 ':'10 d e pi cts . t wo pr c d i.., te d .i c eber g , dr lf t t rajeaor 1.es
" . ' , " '0 '

wnen eque c aca 4 .13 is -u sed to est i lO9.te' the Average vatu 've Lo city 1.11 t he

boundat~ 1:a~~; arid wh"'~ · t ~~ cu ; rent da t a a t '~3 ~ete.r dep th 1.s ~s ed- as'

obtai~e", · '(1 . e . ,. u
1

• Us and ~1 - V.l. AsH b 'evidaJ,t t;om. 't he ree~~tB ,

the curren t data at 'rf me~ etll ' depth a l o n e daee not gi. ve a good predi..,:ti~. . ' ; :' . " - ",

o f -i csbs r g dr if t , "nd thil data ' alon g wHh data s t . 75 . EI!ters de pth has t o

10.5 Discussion o f Re's u lt8

~" me~t'~"ne~ earl~~~, one of the '; bject:lves ' of ~h1 8 ~~vc8tigat :Lon i s

t~ ana~yze th~ obllerved .d·~'~~~ t:uj~t.~r~... to tim! some ~nterpreta:t. i.~n8. o f

s o_ ~f - t h';l obs e rved 8 t r ..~ge behaviou r of icebHg8.~.(1~piog'''piral Jl>Ot i on .:
, , ' . .

a n? irreg u lar U - i: 1I~8 ) • .~. de t;a~led ,Bt u dy 1B ~teaente.i 'lri the pre~{oii;',
, , .' . , " , ' / .

s ec Hon o n t ile ob aerved 1eeb81;g drif t traje<.: tory ' ZOC ..1th a n 1rre il;u 18r
) ' ,', ' . r ' . , ,- '.,' .

U-tu~~', t h a t" took pla ce 'dui! lIg t1l e" ato rm. Th i s st ud y \Ias fe ':' 8 1b iebe=~~ se

the 'ice~erg 1ll0V~'d "ln ..t:h~ ~le~~ity of ' t ,wtl eun·~tit !l et.. ;! ~F1 g.=..:r..:2) , a nd:- -
. , ,: , . ",' , , .'

henee detailed d a ta on ' c urr en C8eoul d be obtal ne.d.• • ,Unfortuna t el y, n O

..imnu: data 1.. ~vdlable f"r:Lceber~ " 't ra~e~ tor 1ell ~1't.h ~ooPS" .Ih ... l ooping

. mo~1"n e1th~r ~'OOk 'P la<~ , 1n lCll~a't~lI~ f ar awaY ,fr a..; c:utr.illt met:~rs ~c'.~ ' .~

traeks 11 0r . 11L and 13 1; ill Fig , 1-;,1. ,and 172 . 17D and . lr~ 1 0 , 1'1, ; 4 - 2) o r

cloae to a cur r e nt Ille t el' but at a t ime wIlere no cur r ent 'da t a 18 availab l e. '., '

(e'.,: tr~ck " 7M. n 'g. : r - i l . ; h..rli!f~r~ , deta1.l~d·s.nalya"a , : .. 11JUar 't o tha t ·

p erformed "on traj eet ort ':120C, .,~t; , be ,car·he~ 'ou t 'fO~ Othe~ t~aJ eci"r 1ea.

However. ' a be.t t"e r und ..:ratan~1ngO; ~~ '1';";1n~"~tion ea~- b~ ' obt a'1ned ~y
~ t udYi~g ·~he.· 'b e havi ou r ' of lc -ebe; g"und~~ the 8111Oe· 'eDV 1.rOllDlO."~~a1 cO~d1t'i"nB '

J.



',.
I
jl
I
I

i
1

,.
' . \28

' I -
) "' . , " ..,.:. , " ,' ,; " ".

were "reported. to ,h a ve 'i P:l.r :a,r aDd .looplng ",motion s ,' A .d~l;alled a:i:coun~""'of

' . ... :
thi s , s t udy :t.~ pres~nUd in:Appen~~ A, a~d the, beha;iour; of. ic.eb~rg8 dU1"l11g .~

ths 8tO~ that poa8~d ove r ~a81ek on AUgus~ ' 21-22, i 97 2/ is di~.c.u8Bed b'elaw.'

" .' '. . .... .•.. ..... '. 1 "1 , z:

Fig . ,,4 - 2 llr e a e nt8 Rome of the iceberg t ra j e c to ries t hat .were...d l~turbed

by 'h• .~,.= . G= . " ll Y ~p"kii. U. ".~".. .",.;... book." "";'£0;";"
eith~r , ~~'tUn18 ( U20C _.~d 2~~}:; ~.~ , loov s ' ·(~17B. :'1 7D aud . 19~) :: ·Jae t~a)'e ~;'

~.' " '. - ,. . . , . .
torie8~ith u.,. t,:rns"were close t? Sagl ek Whil~: .t.he others "ere »: the .

~orth •.. ' n..i.a~i~f,e 'rbn~e, ~~'lc~~erg behav1.OUr :' 8~ to\.b~ d~e to ~iffe..,::ence ·

in -Le cal. cu r rent 'f i el d. ' Howv er. the direct actioD of the wind on' the

~a~b' OtZ.the '''kebe~gi· 1~ , e:~ent · :'~rai· the f&c,t , th~~ ~c~~~:~g,' - .

and forth .; ;. th e wind d~re~tlm:' Ch~nge~"d1.\e to ' th~ p~seage Df' .l:.he stOrID

cen t r e thro.ug h Ch e; . ~Iea (Fig . 4-3 ') , ' lUld ' l:.liac· ch:e ' devl &l:.i oD fro~~Jie re~iar

~;ifttrajector~es ' It ut "&~ ., t oP at , bou t .t he ~BI:Ie, ti.e (rig;~:'1);
. ,

'" , '. " , . "

, AvaU~bility of detaiied ~urrent an~ wind daea f~r ,i cebe r g f 2ac pre:-"

gent~d' 9 unique opportuntty t o verif}': t h e vai~d·lc,. oi :~ur oio~ei , ~D.d . ;

::::"::,::.,:::'::::::.::,::::,::::::;l:·;::::.'"l:"p:::~~:" '.
dd~t cI ajectbry '.o£ all \i.~e~~r g i~ dgnif~'~~t1Y· iD'f~uenced by ' , I:.h~ s i z e of

.: : . ( . ' . . ' " . .c.'
lc.e~erg ~.F1.ga.• 4~4 a~: 4~5). The 88sWDPtr.0n that ~ceberg '~o.~ .~~.~ a medillll

oon-tabu1a~ ' i cebe r g 18 111.\pported by viBlUI!l obs ervations ' mads. by DeIlps t 'e r
.'. '. . '. . ..' !. . . . ' .

, ,( pe r.ond COlIIllunicatl.on. ,1 980) . Th e r esli1.ta pre8l!1lt~.iD Figures 4- 6 to

'4-9..dellOn·~ t'r.~te tlu! m~o~'taDce. ,.of ~c~ 01,'~h:~e ~'orce~': --, ' " "~
, . , " I " " . ' -, ~

Due co ' the non.-unifoJ:1ll distribution of the curren t veloe:lty in .t h e
. '- , ", '; ,. :'. . .. "' : ' " ,, ' " .",,: ."
ocean boundary layer, the cerr en t; .dat a :In ' the bOilDdary lay er a10llg wi th

data a~'d~eperdePthaah~d lit' .u eed toe8tima~~ ~h't' avt'ug~ velocity in .

t h.. bounda.~ l~~er·, .~or :g~o~'· ·~r?~1.~tl~~· ' ·O.~. " t·~· . ~ceberg dr~ft (Fi~~ , 4 -~O) ! : ' "

I
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A dY'1-tc .add to predict 'iuberl drift hn b eeo developed and ve E"i- .

'. fi~ by · ~?-p.rl.D.g t he p;edic.~~ iC~.ber~ tr~j~ c:tory ,t o u.~ · · oi.8~,~ed d~riag ,

• ~ t~o.. , Cb~ngell In . oC:ea~. --.~~~e elev.~10n dUB, t o 8 l ov ' a tmos pber1c pr e ll- "

_,ur. lI Y._U:~ hay e no itU ..ee on oc e" D <;:urren.t i~ de.e p vater dep~h. ,u i i ii. thB

. ,. . c.ii ~e" nea~ ' Sa81~1< . " The direc t ',~ct10,: of v~~ h .~ ? ~, ~~~ CauSe o'f the ___

(lb llerved back . nd forth motion of i ceberg", du r i ng tOll ",t onn , ' The iadi r,ec t

. ~~fec;." o~; wi.~d"on ' ~he :mo~ion ~f ..t~c~?r§a . i. " V l~ " vi~d:- geaerated cu~rent ~nd ,

t he ',~ haDge8 in geo.t~o~~ic curren t , if a01 .

: ieebe~g"trajet}!od'" vi't h IDD~8 ' ~nd •• ~lr.l"~t1~~ .ve r o: '~j, t" l.l:' ed nnd.r '

.:1-..l.~"'d cond i t1on'. : Ilove.ver .-·~ general cone1ue i~o t o the e:.u.e of t hi . ; .
. ~ ' .. ' ..; ; . " , .. ~ " : , - .' " , ... ,' ,

.. b~h.aviour ."':.0ba .dn~ _t.oly b!,"8UlIe ,o f t he .b,:",n~e, of ·t he tn - s i,t u vi-Pd

, ., .• ~. e"~rre~~ '_~r~~:.~. f or . t r8!~tori~~ ; vtth' ~~~ ~h.~our :

',_ , ' t o 'our kDoVledlle . ' th1B ·1B , ~be -Ur~t ;";'lishe d . t ud)' vliete 8.D I-cebeta

1 ::::<::: ;:~~::;:~~::~:<~::~:;:~:<::::::."d '::~:::i-:~;-:<;:~ ' . .
.<':~ eVid~n_ttbat t bs ,nyeice of the i t.e;be r g drift ~el 18 kPoom .ro ex ro;nt ,t he r .

, e. lOOd-. p,re~~i:t ion o~t .~ lc.eberg / r e j ec i ory dUE""iog ' e . st.OrJ8 can be made. prg.-:

. .' ~1dedd~~aUed c'un: en c. aod vi~d dac.~au ava .1hb1ll , n i npu t t d .t lle. llIDde ~ . , .

, ~ It 1a recomm~ditd ' t ha t 'a_de i t6 pre.di~t oc u o eurr';;"~. is 'nceded t o
. .' ,'" ": , ' . ' .: '. . r

!l-eoerll..~ e' th e neces.ery da t a aD cu rrents whi ch . h to be i nput illto t h...,: ,i ce -

be rg drifr ";001;' 1. III t ile ebaence of auch S "OdBi ~ th~ iur rerat da ta lIN~t

"" .'. '"' :,1.
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FIG. 4.1
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DRIFT OF' AN IC~BERG ·I N N~N-DIMENSION~~ COORDINA~ES '
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EFFECT OF ICEBERG "SIZE ON THE ·PREDI CTED
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FIG. 4 . 4 . PREDICTED AND,OBSE RVED -TRA\JECTORI ES OF ,

ICEBE RG f 2 0 C DURING THE STORM UHICH
, PASSED -OVEf~ THE- LABRADOR SEA ON
A~GUST2 1 :.....~2 ~ 1972 . ' .

32 .5'1 •27 .50
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NuMBERS 'ALONG rceerec DRIFT TRA.JEt:1'CRY PRESENT lIM E
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SOME P RACTl tAL o\J'I'LlCATlON S .'.
I,

.... 2 Tec hnlQu.", o f Analog Compute r Si-..la U oD

l'roblUl : ao~~t1oD by ~log eOlllp~ten .~,a ac c 01IIplh hed by anal.ogy .

t hAt - b , th~ e?",l>~~er 1& pTO~ra~.i 80 t hat ita e 1rctJl t e lluat ion . ha n

18 pllr t l c:ul arly trul! ...hen t he pr og r alll i ll , be in g run i n h igh- s pee d r e pa r i -

. . . . : ', - '
t iVe op e ra tionn wi t h the lc~~erg dr ift being gr a phically . dhpla ye d . Typ i - '

cally , on e Can a l t er . co.U te-l en t value ' '' 'S ' i c e bl!t g par amet e t , cur r e n t
" , ' .' .

( v- r ..... ter . ...ind ~;.r"l!ter . -- etc') whU e ob llervl o g Ita ' ."ff ec t On th e

' ~~ e~~r~ drift . -'nab techn lq ... pl;e Aenu a · ta. r a n el d fic1ell t wa y ' to pr o- -.

'.: d.uce ~b. ~cebt!Y& dr1tt .tr.J·ec to~ llJ..ilar t o an ob aerved t~.cI< . ~u <:&0; "1
ba uaed to tiDd an lnt.rpreU~IO'll of t he a t n ,n ge , t u ber s -behav iour , • . g • •

~ooP1n& a fter ',. uor.: ' It\aa a bo be used to d a t aroDe <>ll<I! o f 't he -.del ' .

I par_ ten (1 e aba r .l pa r.-ian . viull o~ etJ l"Te1lt deu) if tbe' r~at of d,s

-p~_ter. aPd th~ le eber, 'trllCk a r e boom . '

'>:
'IIIocU.fy p,u '.met e u during pr obl em "ex ec ut iOn while ob lle_rv~Il.S i t a q~ti- .

t ativl! effecta on a va r ie. b le . I n arudy in g i ceber g dr if t preb le..... . thi:a :

i
I ,

j

!

. . .
th e s ame 1lI8th ematical rOn> sa t he equat i on a of t he ' pro b l e;' . In t h i s

.' ' . . ' ,
, t yPe ,o f c ompute r " ....ol tage s r epresent variou8 phy " 1" a l .. q uant1tie8 ,' 's uc h '

a s ae~el.eratlou . ~ore• • d isplacement a ad' 80 o~·: .I t 'i. ne ceuar; . 'tber":"
. .

.' f or e . to ' arT&tl.lI;. th s ' vo lt:all;l!8 th at pr esent t h e. ul v.riab l.e s s nd the i r C

' , ' j. "

" .
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~ . - . , ". . . ..
. ra tes of e han ge Buc h ' that they nil never ha ve values larger _thall ere

;vol t.8 ge l1 mitatloDS o f t h e ccep u t er (± 10 · ~ol (8 ) . ' "uor '8 ti~b ; t"hae' ' t~~~
' -":" - .." . ....., .. " . ".'
"Hl, eve r c~hange rapidly; t;n ough t o e""eed· the ' freq uen cy o f t he co..,pu t e r

and its r~COX:ding' eq~ipmtmt ". The gene~all; aCc.epted 'd uraei.ou o f a

solution run is B OIlIe where bet we en Hand 60 ee c., (J e nne s a; 1965) . ' I f

: th e fi~iutiori ' t ak~S: ~O; l on g , e r r ors due to h eegrator dr~ f t Will: be

l ntrod'ut ed • . "On t h; othe r hand, if t he .eolll t i on tilll~ "i s t oo ~hort '- t ho:

p ~nllisa~bl~ freq uenc;y liJrl itatione . of t~e'- co"plln~ts Dnd _re co~ding 'e qu i p": '
. ", ' - ' - - . " .

e en e _ yob~ ~xceeded. ' 'Ke e pi ng th$ll8.lt~1IlUlIl va lues of v~rie~l ea. - t he.i:r

eaee of c han ge ~~ t he a nalog mod~l , ~nd t he,' du r aU"n of rhe solution .wi t h

i n. ><r;h e abov e-mentioned l i mita t ion8 is accompl~8hed by ""a mplit ud e ~caling"

and " time · s c a ling" .· The .t e chni q ues tlf , time and amplitude 8caling des

crib e d by Zulauf (19~6). Rekoff ( 1961) . and Hausner (1911 ) wer e uae d i.n

~c.aU.Dg th e ana l og va riable s .

To illust rate , t he analog siJllul iitio ti ' of.t he equlltion of .motion , lin d "

t he 8Cal~~g'\ec~n~qU~ 8. let U8"co nside r , th:~ case ofan ,i~eberg· ·Ilo~ing' - ·

I :un'der ' geo",trophlc c eere ne , Considering th 'e co r reaP".oding cceen surface '

slope and ' ~ 9 "llIIIi~g . no- Wi ? d c;~dlt'~on'- ' the eq\L8t iOPIl, o f mOtion -become :

f (V - v), .

f(U
g

- u) (A .2)

CA.3)

. " . -.
Tt:m'" "n'd amplitude ' acaling 'v,e-.;e .c hosen 80 that ~he len g t h .un it is 10 kII -.

f

j
I

;

1

.r
I
"J



t ill'e represent~ a real time of, o~'e hour . ':A , u'n1~tl~ngth -i n t:he' ~~l ~s

e''lu ivale~t t o ~ r~l d1stance o f 10 _km: Thl! leng t h se a le 18 1 kill/volt

and ,'velQc!ty sca~e is "(1 kal/hr )/volt . "

lIa~irig ·Cho.aell t he "e "ca1e~ . t hen th e re'll.!.i~ement8 ~f th~ vClltage

. ,~ , f re quen cy \ i ;'1t a t i Ona of the a~algg comput e r ,cOlllpone~~a are f ul ;

f~Ued . : lIowever , th ." mil.~i,um val~e of K' (Eq~ - A.3 ).iS ' ap P tO~i~telY 24

, ~hich c~~~e l'ponda t o ~ :-,oltage of 24'0 '(1 0 volt • UIl.~ty) •. ~n ord!r_t o

' keep th e va l ,:,;' ie n ,t ha n un it! ( l en than 10 vol t ) , equations A.l aod A.2 .

cOllputer . An oscilosc op-e ' and all. 7.,- Y pl o t ter wer e us ed - t o diapi ay' ~';'d'

.~..j



"
', ' pl ot lC~be rg_ , d)'ift . 'lDd · the " " (~.1.8t~ry bf lCeb~rg . _V":O C 1t y .

Practica l Appl1 ca ttonli I
. / " .
~)Effect of Coti?liB a nd Pres s ur e Gradient Fo rcell

S-e kl.nellllltl~ s qd dynalllie ~e1a- .de~elop·ed to pred'i cc iceber g

dr ift ignore eit her Car io Us f or ce or eeee n slope. (preasure. gra d ient) , o r

bot~ • . -To, e..llt ~m8i~ o'the ~:rror i nvolved ' In Buch , pra~ tJ.~e l ;cebe .rg fifr in

a 8~:B~rOPlhl c. cllrr~n~ ae obta ined ~or th e different ·c8.se s ~hoW '.ln F18-•

., :,.;;~ ~-~ri~1 18 'r::" in - r direction s nd t h," s lope f o r cS;.,1n +'! dt .eec

r: The r eaulca i ndica ee that ignoring Cortolla f or c e , OCU O a l ope " ,o r

bOth ,l e ads, to erroneous pred1ctlon 'o f .i ceb e 1:8 .dr :l.~ t . The ert?t 18 81~nl- '

flc'~lIt and i ucre""",,, 8 " t ime lntrea8e~ . '

tV Iceberg Dr ift i n a ROtar y Cllnents with Tr slI s1s tll r y Component

This Id lld of ' cur r ent MS· b een observed e.nd r ecorded by' llevere.l

:f,nVl!s t i gat or 8 (lIe\llllann , 19 68 ). The ice berg t rajec t orie s a re in t he f orm

o f , l oop s " th~ s iz e o f W~~Ch lInd t~e -'dhtan~e b~ twee.n th em are "f un ction,

of ,t he ratio of t he r o t llr 'y t o , tlie t ranslatory compolle.nta . For l arge

~e. ti~"', loop",',sre ' large ' an d c1~,e to ~ ir.ch other. Fi~. A-3 ahows an .

<lx8llIple of icebe rg dr Ht und e r such condi t ions . Orll y one l oop i s shown _

in each cas e . S'i.Jni.lar, but larg e r, loop a i n . th~ iceber g d rift have be en

lI~'lIerved by ijU gga , ee a1 ~19 79) ' i n ,~nca8~ ~r', ~ lI,:,nd , ',Raf H n ~ay ' ~~. ~Ulllllle r. -

. ' o'f ~97B '. ' . . / -- . •

c ) Iceberg Dr i ft in a Periodic Cur r e nt

3 i8 . A-4 ahowll i cebe r g drift due to a ho r i zon t al cUI:en t ' ~th '

. velOcity e r e e h illtor y given b y :

I .
'J

(A . B)
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The 't1da llDOvem en t of water i n the SU'ait of Bd ! '" Ide h a s ch is typ~ of

vel~c1ty f unc.cion • . The i c:eberg lIKIves in an ell1~tl '" loop t he ' wi d t h ,of

';'h lc:h is a funct ion of t he c oef ficien t c , Loop s i ze :1e larger f o r la rge

:l.c.ebergs •

• d) ; Iner t i al Motion of I ceberg

Fi g . A- 5 ahoWs ' icebd:g lIIOtion after leaVing a curr ent field with

a ll. 1nlt~~1 .v·elOCit; u,,' •. 'The ' !~i1Y Of turves 8h~ , the ' e:ff-e~t of,Va rY1 ng "

t he init ia!Veloc.1t y . For these cases it . us c be assumed th a t Bome as pect'

o f the eutr ent, lir >li n d fo: tee ha ll t.aken th e ,i c ebe r g from II; mAjor " urren t

. into s till wat er a r ea , Unde~ 6~ch con ditiobs the i ceberg mOves i n '"

spiral pa t tern and ita velocity decays r apidly .

p~g. A-6 show,.- t he ,i c ebe r g trajectori,e" of '.lIIul11 , medium an d 1,,: &e

' 1c ebe r g a foc 'a 8imila~ s i tuation, de llc.r i bed above an~ for an ,initial ve l oc.

ity of 0 .25 fll/lle_c ,in" ea~h ,c.ase.

e) " Iceb....r g Motiori 'in C:urren:tll Due to i~ertia.l O~C.:l.lllltionll .

F:l.s. A-7 presents ,"t he dr:l.ft "of ' aD i~eberg vit"h dr a ugh t lesa 't ha n

t ,*, ' d~ptb o f the oc.ea nic ' bou~dary- l ay e r ":l.n a ' "~otary c urrent ~f 12 bra . ;

I f t he i c.eb e r g 'h a e draught larger than t he depth of "t he <;>ceanic,

bo unda ry layer, D~ the i c eberg will be affec.ted b y the drag force of the

. .. a t e r bel~loI t he o ce a n i c bou n<!ary ,l a ye r 1n addition to the "ro tary ' ,c:ur r e n t
, . .

1.n the boundat'Y layer. I f the ~ater unde r the bo unda ry layer i a atill,

t he n the aire of thl!. l o op 18 gr~at1~ red~~ed 1111 lIeen in Fig . A-8 . -,

J

j
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' _ . . . ' _ _ • _. , , _ , _ c •

' The bo_ da r y condi~lons of t hl aprob leai ...)' b e pr eacribed by spec.i fy-:: -.:
, . ", " ',. . . .

t ng th e values of ve l ocity ' potential , ' {I,> ' and/or wat'e:r ' v elDcitie~ . II and v'

< - . (~;~d *~. ,a t rhe b'.o Undarie~ : ..

The finite deme n t t e ch nique' ill , used 't o so l ve t he d1f£~re~tid . Eqn. ·

B. S .

B. 2 Pre1l8ute Dis tri b ution

The lIIOvi ng l ow p r eaewr e oy9t em I s a pprodllla ted by 8 func t :'-ou dlll ilar

t o t h a t of ~w" ~menB~Olla~' nonaal ( G~~89ian) '~istr~butlon' d~f~ned by :

~-2 ' _0<: t )2,r?-
n(:iI,y,t>. - Po e-~(l<, - .~;JC t) .lax --: y •. y . (B . 6)

I s ocean lIurI a6e eleva i::1ol1 (em):

PII is the peak pressure (mbar).

o and a deno t e tbe extent , p t: th e pressu r e s ys tem in the'", andy
. J< . _' , y o • " ; . '. ;.

Cxllnd cyare the componen ts ' of t:he tr~l!.lH_lI g Bpeed of the

is t he- tillle ,

Puct i cal 'App l i ca t ious

s} Shlll.1 o... l/'a t et

t
I
I
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..-::::p~.::.:::::::::::,::::::: . ::;~:~:::.: :;,:::::::::~~"
t n v e1l1nl 'a t a tp.e4.vdodcp.

The L E. Q,h o f th e 1600 :It 1600 J<. .r~ 'l1 pr"'elI.ud 1u 1 11. ~;;'

. The cenc; " ,~( t b. pt e..ur e .)' n elll. v ......~' to 'move a l 011& s - ax b of ' t he

. ' .'
s t ud i e d area", Since t he effect of t he pr e ll"u,r e e yllc .... i8 linea r with , _..

~~8peet. t o . nIh values ("qu e . B. 2 '~and .B. 6) , 1~ ' 1.8 de~ l.d ed t~ BlIlIume a water

dep t h <If 10.. ( Il/h ...· 0 . 036) . io~ ot he r va~ues of ~/h . t .he ~e8ult8 ' ca n be

inter pol at ed •

.. :. !'he re.8ulu pfil ftnte d tn .FIll' ; B-2, B-3.lId lJ • 1tld1 c a ce th ac t he
.: " " . .

aaxi_ va u t _l.oc: icp occu r . under t he eentre of t he pr •••ur e .,.ft....
• (a t t he polJl t of aax l_ flIdaee dt:vatlou) . General!, _puUng, .t he

. v a ter "art lc:l~. ,a1 t un ed. 011 lI;-a:da aovu 1a • d~rectlOll. 'pa r all el t o the

l oo;ta ' of t lie pre a.ure e~tre ; " The vatet ve loci t y at t he 'ceDt r e depic:u

The nut . tep t.a to atudy the a"e- of th e ocean nea ,,' Sag~ek.,: •

co nside r i ng t be actual ' p;oUb o f t he ocell'n bed and an a~~~,oxtlila te'{ ~n.e~t.l"e
J'" . , , "

eyat_ (such ail l i ven by 1 . 6) . The _1ll.:imwI 41.mUlsioll qt t ba F . E. IIIOde1

h takell 't o be. abou t ' 1600 km as shown i n Fli ~ 8- 5 be tweell t he Lab,,~d~r

..Cout and Gre en.blld . The F.E. de.~ret1z·atS:C;tI :' t.ha . .... '.. t tl ~lg .8-1 .
. .

aDd vai e r depth pr otib 18' pre . _ted 1t1'Flg . B~6. Approp r iate boundar y .

co tldl t 1oD.8 an. ~.ed t o .1al1at~ th e , l;lho~e at Labra do r 'lItU:I Gr een.1a tld· (i .e ." .

ze "o tlonu.l ';'e~C:l t J" t,o t°J:'"' abon .-j tDe) ed' t be ope l> ... , LD t~e o th e r ~ .
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p. th. dtlr1 ng t he . tOrll WSt e no t' ne e••••r lly due t o theris: i n' OCIlSII .ur- .. '

The ,cODl:l udoli of : hb . t udy 18 t bn th e obseTVed cha ng ea in i ceb erg

. . .' . .'.
pre a . ur e , ,..Ie ll it lIeglig i ble.

" . " , "

'1d'~~: :::~:: : ':::::~d;:.Pi..\ , ~,,_~ .h,,,:. "" ~h; .ffK' ·.
of th~ ~~ pru'ure 'Y ' ,tm 'o n v ater ....·el oc 1t i es h ne s U gi hl e . d ue ~o t b.

lara. wa t e r ' dep th wi t h r es pect t o t he pq." pr ess ur e head. , Al~ i t i.to "

, be no t ed t ha t :b~ s ff ec t . vs~1~hes a. t he press~l" lIys ,tem JaO~es . i n t o , lIrea~

wi tb I ttge wat e r dept~e .

- : 6~ '

1. 4 D!ll:uuloa aDd CODcl ud on

• '.', t, ~1ftI a l ow ~;euure · ay. t~ paa~a onr an ocean, . it -';~ ~ 11; '" th~ ou.:-n

·s urf. ore lind cau se s cur-.;en t. IIhailar in ....t ur e to t i dal l:1,l.r r.Dt • • . The

" '••m.' v... . " , ~•• <=',;IOO .f~""'lf;' ",ee~'~~~ t he ~Uk, . ,~
. value of pr en ur e . yllt em. I t has been f ouJld t ha t the efEt c t o f a l ow

p"'''u-.;e s ys t ea 1~ stgni fica"ot in '~hII1~ow vate r ' (e -s:, f'cwa t e r ~e~ths
-.'. leaa t~n 20.) . ~1nl:e oee an -dep th 1a .bo~t 100. in th~ '''t'' o.a-.; S.glelr. • .

• i t ha~ ' be eo fOUlid t ba t the challlle& 1u~e:At veloc: i t ie. due t o t1Ie l~w '

'.:

" ,

~ - _ :_ -' ._ :_. _ - -"-'.- - .,',-:.:_--::...~
.;~~~ .,;::..... ~~~ ··. '.-:'r,;.;;:r

• ' . &.



, .

FIG. B.~l " FINITE m.EHEtri"MODEL FOR r ilE AREA' ~ETWEEN THE LA8~R COAST
AND GREENLAND
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