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‘ 'With the development»of‘offshore exploratlons and R 1

.onshore refinlngrfac111ties 1n ‘the eastern coast of. Ca ada, 0 ',
-\ A

it seemed obvfous a plpelln from the Grand Banks Lo thd

refining fa0111t14s would be a loglcal alternatlve for:"

"4(1

’transportatlon of frude oil.

by hundreds of 1cebergshannua ly whlch present a sgrious-

) ThlS reglon is frequented

__thrnat to the drllllng operat‘ons and the plpellne.' It,'* t"“ LA

PR P

T

“of thls‘problem in Ja ary :. 19 o

| was at thls Jungture s;at Prof H, N, AhuJa ‘made me aware°j'""
: | .

n } ,

It was thbrefore planned to résearch the method for o R

selection of th‘ safegt plpellre route for transportation. ' ,fx

o cf 011 and gas f om Lhe Grand Hanks to the onshoreg*eflnln RS
AN - o
‘facilities. The approach was to predlct the iceberg hagard - . [

— il T

'for the alternatl e plpellne routes by determlnlng the_..

L=
-

'prgbablllty of ic berg grouns along the routes.’

ni~probabi11ty of ice erg ground1 g was mlnlmum. It wa in-
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'tended to use the nternatlonal Ice Patrol 1ceberg d ta: for - . '{:
; , S

46 for thls analysxs.t Considerable'tlme.’iﬂ

as spent:in obtalningkinformation on tracked iceberg"from'
J T i
he International Ice.Patrol reports., Ix\was observe ‘from

_at ese reports that no - information was avallable on th icen'

.b rg drafts and therefore the data was not su1table fo thj:'sw

i '\ o
oa a{ysis. Therefore 1t became necessary to change the directiqn '

- ‘ ‘r L '\ " c “' o
SR ‘;"” S R




of research

'.the Internat onal Ice Patrol and to suggest the possi ility

of improveme

BAY icebergs. '

\__ Consequently the data collected by the Interna 1ona1 Ice:

Patrol 1or the period 19;0 --56 was analysed and c nclus:.ons

a _were gerived

ings of this

It was decided to analyse the\ data coll cted by o

ts in 1ts system for collect:Lng data on drifting

from this analys\is. A

analysis on data collectlon by ‘the. Internatlonal

.,

Tce P'atro‘l*w,as glven 1n Aprll 1976 as Memorial Unlversity of _'-".

o T
*Newfouridland, St.

P

John's, "

v |

seminar based on the find-

Te— ‘ N
T, . s
!

- The 'the=1s is made up o£ i‘our parts namely an 1ntroduc-

: tlon to the problem area, drn.fts of 1cebergs 1nto the Atlantlc

0cean analys:.s of the dr:.fts of :.cebergs and conclusm?s.

Before presenting the research in the fn\nal form it wds

de01ded to COntact Internat:.onal Ice Patrol ‘to obtain J.nzform-

'_,ation on; present method cf data cbllectlon on drifting 1cebergs. .

A reply was r=ce1ved in May, 1976 that de'scribed the i'prove-

ments being 1lhplemented about the timing oi’ s:.ghting of\an

'iceberg and t e accuracy of the posntional system by the -

I International Ice Patrol.

It was en

modifications to data collection 1mp

‘ “natlonal Ice atrol are J.n

of’ this. study.

‘jand LTJG Knutscn, Senlor Ice Observer w1th the Internationa .
Ice Patrol subsequent to the above le ter to ascertain the

time when the lald modii‘icatlons were 1ntrcduced by the o \

. S o

line wi th

Furthe‘r discussn.on wa
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\ouraglng to flnd tha .the
Eemented by the Inter- : |
Eome of the conclusi$n '

held with LTJG Neill:
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. should be of sign:.i‘icant 1nterest.

pertaln to future reSearch areas are ‘included., * : »

5 _ many .hours of instructlon and %uidanoe. I would. like to

- B : - #
Vo / , : ." ) ‘
A .International Ice Patrol According to thev.r statement the EER
- changes were introduced not. earlier than March 1976 v
. . ',D'
‘ Although some of the concl.usions obtalned in this stug{yl" :
are s:Lmi‘lar to the mod::.fications already implemented th re E

is 2 likeln.hood that the decisicn to. implement the modi ica-v

tions may have been prompted by dlssmilar analysis. It‘ is .

therefore considered that apart from the conclusions of. this‘,' . '.: BB Lo

,-study, the analys:.s from which these conclusions are. deri\ved o :t

Other conclusions thakt | ‘_',..,;,
- . s ‘ .',\ o NP . "
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H. N Ahuaa Who 1ntroduced me - to this area - and who provided

express my gratitude to Dean R T Dempster for his t:Lme ‘ L ,
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The basic problem oi‘ sightings of icebergs ofi‘ New--

: :,.i‘oundland and Labrador coasts has been of Specials interest

:[because of - the sinking oi‘ the Titanic and hazards icebergs LR

present to . the North Atlantic Shipping. Drifting iceberg(

' - pose a .erious problem to those who search for hydrocarbons

© . on Car.ada's eastern’ continental shelf, In view of the - o

\ _.‘l

' exten51on of the hazard to oil exploration\ activ1t1es 1t

is important to investigate the -possibility. of 1mprovement

1n the present techniques of/collecting data on the drii‘ts_ o ‘

f icebergs by the International Ice Patrol. } ',,

A kinematic model has been developed to analyse the

. drifts of 1cebergs. In-this model the berg veloc:Lty :Ls

expressed as a. function of the resultant surface current E

o

‘ ,"‘\"."\ .
N i

velocity ave/raged over the draft ofan 1ceberg“ “An analy31s

"oi‘ the data on the sightings oi‘ icebergs in successive loca- ‘ ;';'
. tions published by “the International Ice Patrol for the o N

period 1950 - 56 has been made. Suggested 1mprovements in\ L

Lo the reports oi‘ sightings of - icebergs based on the analysisf.

2 .Precise locat:Lons of. icebergs 1n degrees mlnutes and. '

3 ”"Timings of successive sightings oi‘ icebergs.. ,' ; ' )

are: ., "j R L T .

1 ) zFirst order approximation'of' the draf‘t." )

st

' .o L I N

seconds. o Q. Co , ;,

al U
(4x)
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. andwobserved drn.i‘ts of"lcebergs= zan be. o‘Btamed

w~‘.l “_

: ‘ edge vgatlned ¢

L

hazargis. i

ob sérvation ve ssels. >

"b' o - :
’ .‘

Lre

measurem,exits ofPocean ourrents

t@.dal cu;rents_. PRI N
’ ** e K
se improvements in data coliection and mof'e —.:,, L
. ' . . . MRS
N - -,~u° .- f;wL'

<.

. Te, X .

. o
. ‘e I . - - '-‘ nﬂ'

an be useful in m:.tlgat ng the sever:.ty‘, of“ the;ru

. rigorous ana&ysis a closer correla,tlon betWee"n the eomputed

@
s

i
.' ot

oo
G
7
0.

' .
. ®

'~ .

LS XN
T
v 4,
=8
A I
" ’
4 X
sip
Ly #
W,
.
LI
b 5
tf o2
43,
IE-
R B
L)

ol

o e Ao o oy 5B




-
.
S
.
,
o
.
'y
.
v
n
.
.
A} .
-
-,
I
3
® -
“

¥
wos -
A
-
.
&
.
.
e
<
K
1)
.
s
oo
’ v
.

= Straxt“t‘ the tail of the Grand Banks'has been prov1ded S

. . . ) . i,
U . ? ] “'u— . ‘ ',Z: L i
, RECHE T Jram ml 1
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' e U I ;
., ... 7 U CHAPTER I = . . N |
3 - : . - ‘ R . . .. L , ) " . v ) . .‘,v' R . ;' T ———
R INTRODUCTION AR O R T I &
: Dﬁ‘ Canada's eastern continental shelf has been th focal
point of° an extens1ve‘search for hydrocarbons in’ recent R
,years. International Petroleum companies have spent . . Q;
- ot S }’
millions of dollars in explorations during this time.‘ Off the _ Gl
L ot . ‘hi-:
Newfoundland and Labrador coastsy #2 Wildcat wells: have i?
R Y
been drilled.~ One of “the maJor hostile elements to the : ol

o

: oil drilling rig operators in’ this region is the threat of+\«:. . fﬁ;

s drﬂftin 1ceber S. . f.~. RV g
' g g ) .-\’ RN ’ - RO .
[ v’; :‘“,\‘-'l\ T ..n'-‘ . . .t . .‘. . A ‘ .‘ ’ o, ." : .o W
. o . ." ) o . o E . Y
‘Stdte-of-the-Are. . L TE L . : .
, N .. N LS ot . ' . . \‘
"1 ~ ! ! s . o . B, K e ' ‘ ' ',':h" . i
ety The general drift pattern of 1cebergs under the &nfluence R
. ., R Lt . ~ —/%——
< of ocean’ currents and w1nd-generated currents from Davis - :

e

by Smith (19) Post (13) has described that the drifts oﬁ

icebergs in the North Atlantic are mainly due to the rela- . ";

LA o™

L]
tive stréngths of the Labrador Current and the Gulf Stream.

Schell (18) estimated the drifts of. 1cebergs due to oceanv ) ; PR

PSS

’__,,,_

currents and ﬁ'\dA@enerated currents and ndicated that .

4

w1nd has a. s1gn1f1cant effect on the dnifﬂ of an iceberg

o if the w1nd continues from one direction over a long

.——period Schell (18) also obtained a linear regression - ‘“
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' r e K y . ot
equatlon to predlct thS\Berg count south of latitude 480
Kollymey r et al: (9) observed the drlft of an. iceberg underh,;v
the combined 1nfluence of| ocean currents and wind-generated S

_iSCussed'the factors that effect

’
L]

cué;ents. Murray Jll)

'
a

I
. : .
- P R A I T -
v

the drifts ‘of 1cebergs an suggested a statistical approachuﬁ

r
.- \—
B

as the best solutlon to dete ine the drlfts of 1cebergs..,.~

¢ v
Cochkanoff et al (h) develope a mathematlcal dynamlc'“” . e

7

s

e S pmAs mt bt

| model to determlne ‘the motlon f 1cebergs 1n which iner= ?“ Sy

N

BEAVIAA
T T

. tlal force w1nd force,iCoriol force, and damplng force

o

SRR
/

were con31dered Brunedu and_De pster (2) suggested
N & - . go o,

e

modlflcaéions to, the structures 0 be used 1n the berg /.
- infested North AtlantiCIand obserked. that the motlon-of
K an 1ceberg is controlled by the w1nd actlon on the portion_/__

\ ' N
abdve water and by the current action- on the submenged o

portion. Dempster (6) tracked more than one hundred ice-'

e e

o

.
-
v”

T

L IR

;,e with respect to the 1cebe'
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o methods to analyse the drifts of
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- to collect fleld data on. the following ‘;/>,’£."

i? 2; Tidal currents o 7:,‘~jd”'«'}:57;"fi\\5”»i_h

'f‘have -bo- be collected ovenrlong periods the cost oTTWhlch
e g )

' 'figuratively described by "incrementalism" is tg,anal“

[ \ .

S A R S O

o e R e L

:.' - VO N - 3 - - \
. /"‘f—‘_ A Ik & { -

. e [ - ' ‘ . -N
. ':‘ - - '\ \
s

¥ use SOphisticated instruments “and - highly trained personnel

:lf Ocean Currents

\

1Q.3. ’Wind veIocities TS .* “‘f*ﬁ\;;‘;"ﬂ:

by Sizes, shapes, and drafts bf icebergs f(< T
: Hourly drii:s of 1cebergs '.;.. ::.:‘; -

fdata can hen he analysed. 'It is'no

,research methodology but data collection costs are prohibi-_h

c'tive.. To be -of statistical s1gnif1cance ,exten31ve data

. can be phenomenal. e ‘o ,'1~U:|_,;4

I

and derive conc1u51ons from the data to upgrade futur L

An alternative research methodology which can be o

vy v

S, . . S R
. -

.reporting.. The data so collected can be analysed sub-,gi‘
“sequently.i Improved data collection and inc r as 'nglyflﬁ;f“..
' 'rigorous aﬁai;EIE’EZE alternate 1n repeated cycles., lhegf".

-strength of the latter methodology 11es 1n the fact‘that L
‘“as the . extens;ve data become available for ana1y31s '
statistical Significant ccnclu51ons can be. derived 1n each
‘}iteration. The sophistication can be introduced gradualli\
_to take advantage of the development In technology such ‘

as development of remote sensor technique to determine

| Z'iceberg profile and to estimate the size of the submerged
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portion of an iceberg. This methodology has been adqpt d

1in the present research. ~e,fwy“f‘¥7‘;'3 ,;‘;‘J'é‘;,f_,**, @;_
SV e R ‘
SN N e';;‘_.«,'ﬁ’ e
. Colle¢tion of Tceberg Drift Data - S
. Coa - . Ceen . ._‘ _'

o i‘w The Internat10na1 Ice Patrol has heen established 31nce

, Ll913 Its major miss “ﬁs‘ﬁave been to disseminate :

A . L : K
ks

”f:information on 1ce and. 1ceberg5' maintaln cognizance of

l T

1_1ce and 1ceberg condltlons and to d1rect preseason and (AT

jfpostseason oceanographlc crurses and flights as necessary

~in the- Northwest Atlantic.; The S1ght1ngs of 1cebergs

Y.

:Ttracked in the Grand Banks and other reglons\have been

publmshed by the“International Ice Patrol for. the last .Z{t

\

“-’several years. E }' LS AR I "k\":7:"“A?TJ—J§eL%~<;<

\\Factors that Effect the Drift‘of Icebergs}‘ RN
~t“}9}hxﬂjs F “ff‘ilJ:’.Pf- l'k L . S ftf;‘[f_fnfﬁL.nir*‘j;.

The system of ocean currents in Baffin Bay, Dav1s
Strait,.and Labrador Sea 1s the maJor factor for the
o transportation of 1cebergs from Baffin Bay to the Grand

nBanks as shown 1 Figure l The 1nfluence of w1nd is

oo f

' small in comparison\to ‘the’ effect of the ocean currents.f“ﬁ*f

;- e

7 S

:," .

) over a long period the effect of the winds is more L"”?;

, marked.‘ Tidgi (gjrents have aIso been.reported (17) to J,-AJ;T

.'have infldence on the drifRs of icebergs.

o ever when high w1ndsncont1nue from a given dinection4‘5””ﬂ
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" FIG:'1 DRIFT OF ILEBERGS FROM THEIR SOURCE INTO THE NORTH :
© " ATLANTIC OCEAN:(ADAPTED FROM REFERENCE #7) "~ .~
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The drift of an\iceberg depends considerably on the

if”“"shape and'draft of its submerged portion.: But the shap
' fwof the submerged portign“oﬁwan~1ceberg varies mark/dly
";~from one iceberg to another The abov wat portion of

'7:an iceberg is no doubt measurable but it cannot "be - extra- '

\ =

i‘\the draft varies conS1derably according to Robe (lh)
Iy ;who has studied the relationsbip between height and draft

K of icebergs 1n the Dav1s Stralt. Be51des the above water

',

"1s 1ts velocity. Can this be related to draft°

'4ficeberg responds mainly to the ocean currents (6) which

v,

act on 168 smeerge& part 1ndicatingga relationship

x 1 Sources -and Quality of -Data - . e

s ;between berg veioc1ty and its'draft. The best approach

seems to make the flrst order approx1mation of the draft'

'from the’ berg veloc1ty expressed as a functlon of the

L

:2,ment of technology and collection of’ more reliable data Jf"

mation of the draft will become pos51ble in the futureri?;

.o P .t L . o
L . N ' N . . . v

4
o
: \

A‘ul/?mber of sightings of 1cebergs tracked by the In,ernational
- v

'P°1at9d tO estimate itS draft. The ratio of height o’ L

. surfaoe current averaged over its’ draft\ With the 1mprove-

"‘portlon of an 1ceberg, the &ther measurab}e characteristlc f d.ﬂ

_“,on the drifts of i ebergs shccess1ve1y alternated w1th-}T1;i}'k
I T . ~ ' l._ )
‘ “1ncrea51ngly rigorous analy51s, more realistic approxi-,;
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' '}not available for analysis.,‘ ;‘f-, ; - '.@'\

Ice Patrol during the period 1950-56 and published by it
4(22) ave b381 analysed. The main purpose of collecting :
the data on the drifts of icebergs has been to warn ships

of the\dangerous presence of these drifting icebergs. :'“"

o

These sightings data have been reported by commercial

. vessels naval vessels and by ‘the’ International Ice Patrol

Y

planes nd ships using differenf inStruments obv1ously vary- .;'
- ing in P eciSion from one %o the other.« - "'_‘f, :.a,' *"S ;

‘\"' Because the primary role of the International Ice- ' T:J}

Patrol has been to warn ships of the presénce of icebergs

win different locations the data (22) ‘are reported in~
:,degrees and minutes. But ‘even a difference of: 1 minute';' .
"in latitude of the location of an iceberg means an- error

,of 1 nautical mile in observed distance.. .
- \Mbre scientific data on the‘drifts/of icebergs Aave ;""~
‘"-been collected by uSing sophisticated instruments and
'5highly skilled personnel by research ﬁéams*at Memorial '
.“Un1Versity of Newfoundland But these researches having
-been funded by oil companies and the Defence Research Board

the collected data are classified and unfortunately aretff?:

o
l' <

The objective of this study is not to trace tge iceberg

Qtrajectory but to determine whether the data being collected

\

N are adequate in view of the need to protect the oil explor- o
: ation facilities from the dangers of the drﬁfting icebergs.

;' fSince the analysis has to reflect upon the adequacy of the :
Bk : :
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.. wod \ R _‘_.*_'-.,94;-_-,_. T A TN
po InternationalxIce Patrel data, the data collected by it-are...l
) more pertinent to this study than the 1nformat10n collected
" N b} other agencles.h co f"i ‘ ' | ] |
: fﬂ A(-T' Th:\prdcise ocean. currents data for different periods F;:f:
il at dirfenbnt locati;EB in the Northwest Atlantic are not » o
ﬁé available Howéver ,” the ocean currents data separately forefl'l'
two period&--summer and winter for intervals of nearly three
degrees 1ongitude are aVailablevfor the Grand Banks in the 7 -
Sailing Directions for Newfoundland (17) The ocean.’ ‘
;: currents for the 1ntermediater901nts have been 1nterpolated
Environment'banada has providedjéhe w1nd data for each day ﬁ o
. lor thé peridd 1950-56 fcr Sable sland which 1s the near~ f:} o

“ .

gg;icﬂz L _,FMNWA kinematic_model has been develOPGd t°

'“ifdrifts of icebergs.,

,velocity has been expressed as a factor K times the resgéi- PR ‘;: ;;,5

:under the influence of ocean currents, wind-ggnerated ,ffi"

B o v
. ."\‘ .

'currents and other variables have been analysed

est weather sgation to the Grand Banks for which the data

are available.\.Wind-generated currentSAhave been computed

Ly s e -

for each day fdgm these data. S

Kinematic Model\ DY

l’ | \ . '\" :‘ v | :. ". ‘ . -
AR S

- e
i

analyse the 33

e d T,
P
BV

In this model the drifts of 1cebergs

The berg

~r
'

ant surface current averaged over the draft of the berg. *Ea;

‘.,

The resultant current has been obtained by adding vector-..

ially the ocean current and wind-generated current.J
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Factor K takes into acccunt the effect on the drlfts of I
: icebergs of tidal currents and other/variables viz\waves," f f:V
- : o . e s

. a ﬂ ES B

_ continuous deterioration periodic calving, and atmosphe' o]
L"-‘:h.—. pressure..\ I.--' : . ‘. " ) ‘ / " ‘”— ., w - ) f'i,..m» L N i
./‘\ .1.! .. '.- .L,- ;. ;‘_- . ) -v> .A o ' .v..,ﬂ ;! : .I -
S T . N

- \\ o -’ . '.' ' ) ) o, ' ..: ' : N b 4 l
. Objective of the Study o ik
. ’ ) ' A l'- . . ~ \ A';ly
:?,, The primary role othhe International Ice Patrol ha Voot s
. V: A R . .',_ ;
' been to warn ships of the hazardous presence of drifting ) e }
R O S I
s icebergs in the Northwest Atlantic. But these drifting i L
icebergs pose equally serious problems to oll exploratior AT

‘ s
. L4
\,,. . e *

facilitie and bottom installations that may be installfc

been added to the usefulness of the data. It is impera- rifgt'

i

Lé in the near future in this region. A new dimension has ix.‘““' ‘ i
i
l

tive to ascertain whether the quality of the data on ice- - \ ! N
bergs collected by the International Ice Patrol is adequaneff k“l
to meet the new demands. The purpose of this research is._ i, %
to analyse the available data on:the drifts of icebergs and ;tilit' {;f
to_suggeét'improvements in the future dat collection JOWi-A } 'j
activities._-,__" o C TR } ]
! The drifts of icebergs .are- subjept to numerous factors,,,'%‘f g\w'ﬁf
Presently only qualitative effects of tHe atmospheric pres-_ E“~J '
sure ifferences temperature variations waves continu- ff" ;‘ ‘
"': E SR e ; ’>? B ‘ 3'
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if‘in the Northwest Atla
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o gor’ ghid selection 45 the minlaisation of whemean of the'.
“#if ¢ errors beteen thé computed. and observed driftd of icebergs. .
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'.; of icebefgs are dealt thh. .;mt' iftlj“"r o

‘ 'fJuly.: East Greenland and

o R FACIRE
;"ﬂﬂ"r' eg.3~j{ - ¢HAPTER:II;Gfﬂ f:;_ }
n I’ - o A

' {DRIFTS OF ICEBERGS,INTO THE ATLANTIC OCEAN . .- -y
l - - ,J . .:. :.-'\:-"' K . » " ' ’ .

ﬁ g -

In thls chapter the drlftS'of 1cebergs from the orlgln"‘

to the ta11 of the Grand Banks, monltored by the.Interh'i*f

)

national Ice Patrol, are J.nvestlgated.~ Thelﬁesource, drlft f;

(RN

and frequency are descrxbed. The effect of the w1nds, ocean

currents, tldal currents and dther varzables on the drlﬁ\s ‘T~'

The principal origin Lf icebergs which reach the North

Atlantic are glaciers of dest Greenland where approximatelj'

15 000 bergs are calved eery year as reported by Dinnsmore',f'“=

(7) It has %een observed by ‘the . International Ice Patrol

g that these account for 85. ;r cent of the average hOO ice- R

bergs which reach the Gran Banks each year from March to »~:“ o

are the other soqrces of iceberg origln.~ It is estimated

that only lO per cent of the number of iceberg% reaching the

North Atlantic are calved from the glaciers of: East Greenland ‘”l&'

and the remaining 5 per c%nt from the glaciers of northern

Vf Ellesmere Islands.a.‘-*j"“7"j9d ‘_. S g«jnxfe'Vy{«ﬁﬂ,t x
: .y k S

Y R kY L
N . o SR

Lot

orthern Ellesmere Island glaciers Co
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r-i Westhreenland szde and 60 nautical miles on the Canadian

:Jthe coast to Kap Farvel’as shown*in Figure l.f

';-the West Greenland Current..

L #
. drift north of latitude 6)° N along the West'Greenland
,f*coast.i

*‘smainstream of 1cebergs drifting southuard.:“*;7xi~¥'fy@

\‘: southward are condhntrated within 20 nautical miles on the'

RIS

Icebergs from East Greenland drift southward aiong

They round
@

i‘that cape and then drift northward under the influence of \

e

Some of these bergs from East

1nf1uence of wind or in the absence ﬂ.*

r..

Greenland.uader the

z R

of the strong Irminger Curnent may cdntinue drifting past Kap

-r‘_:. .

A
A few of them drift westward,where they Join the
~.... ] P

Y Icebergs frpm West Greenland drift along the west

-

- Lo

- . & _,& b

side._ TR T e

It has been observed hy Smith (19) that drifts of ic.”'

,coast of Greenland and around the western,side of Baffin BayJ'
PG Y :'.
.“The majority of these icebergs as they start their Journey o

‘ 'tﬁFarvel reaching as; far as 100 - 200 nautical miles to the?li‘ﬂ'

5;:fsouth or Southwest The warm WbSt Greenland Current dis—'.:?‘*.
':;ifintegratesthpse icebergs drifting ndrthward; They Seldom]g.ﬁ,;""
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:d}that they are under the influence of

:drift season also cosresponds with the'arrival,gf winter =j‘ iru }'erzq_,;

l -,pack ice along the Labrador and the Newfoundland coasts.}'; u‘M;.:“j ;T;mﬂs
It is estimated that about l 000 bergs each year reach R ¥
. .. -, e G N I. f" ‘—."_:(
A‘.,{_the region offshore from Belle Isle and about kOO bergs liit':f~1¥ﬁ‘ | R
i . ) S R '.. ISR A . “ B I
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2 rift south of'latltude h8° N Here the veloc1ty of an ~
_ iceberg increases from about 10-15 nautical miles per day
,“'-u4l i-.f along the Newfoundland and Labrador coasts to 25 30 nautical

é

. miles per day along the slopes of the Grand Baﬁks'%w'fﬁ-’f}"iﬁﬁ'

7?' The Internatlonal Ice Patrol has been keeplng recofds of

l"“
L ra

- . - .- T
K . . - . X .
Cer e e e emmp s et
A - s e e -
b . -

Mt n 36ttt g e g = e v o th s e
. 7 o H

| /f the drlfts ot iceggrgs 1n the Northweét Atlantlc sznce 1913.'_' ;f: .
: ,;’/ y From these records :Lt can be seen ‘that theunmnber of leeheés '. ‘r : h
: 'dp~ 7&; reachrﬁg the Grand‘Banhs.varles from year-to year.: Thelr ’ Eﬁ?‘;f h-é‘i‘
) s ‘?1i4 annual cycle ls shown 1n Flgure 2. Unusual slghtinésfat if}:s~ :;k3§¥:,
g different locatlohs and at dlfﬁerent trmes of the\year heve : 'Difleé?%r':
i ‘ J -.been reported on the entJ.re North Atlant:l.c north of latltude ‘-lv M
| 38q N. Frgure 3 represents these unusual sxghtzngs of ;oehergs«'.'ﬁ fg;
R . Effeqts'pf;W1ndsfcntthe:ﬁriftsforﬂlceoergsqf;jh:; hi;}ﬂ:+}5f;'ffi;f*kj§§ :f
;fh{»" }f:.n. The relativeo-mportance of currents and winds fdr the irfff§5;1;%l‘;
~ R ziin

?;-iAob rved" at in regions w"re slope currents prevail the H:{igtff:’

o oo -current'”w"
lvrﬁz; o while f% regions of" weak currents the w1nd determines the
K el N courte of the icebergs.. It has been ‘obs rved by the Intef' o

dominant factorrfor the drifts of the 1cebergs,

j‘}‘flh f,f:;_national Ice Patrol (22) that the continuous off-shore ”1nd5;g‘*qi’
M‘ﬁalong the coast of WeSt Greenland determlne the numher,of -

'}i*icebergs reacﬁ!&g the Labrador cu;rent and thus the number

f ¢ b r s, off New oundla imthe folIowing spring ‘ ' .

ST .-h; - The effect of wind is made up of two parts' (1) the .:. 1

.f.;: ‘ﬁ”: :'direct force.of the wlnd exerted on’ the exposed surfacelof ;Q;f;y )
.. Y ?. B - :.a

ao
)

of
f

Y A s r . , e N y -<_f__ ﬂ"'--n'-‘.mm\,f\ &

o T e eRR e g

E ",dniits ‘of icebergs is discugsed by Mecklng (10) He has :%'ffi‘i'"c

g ‘ﬂﬁ}izzthe iceberg above water- and (2) movement of the float .:hﬁ;ﬂ?~‘;
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FIG 2. YEARLY COUNT OF |CEBERGS "CROSSING THE 48TH PARALLEL OF LAT!TUDE OFF

‘NEWFOUNDLAND (REPRODUCED FROM REFERENCE #3).

1904

“10. 15 .20 " 25

o

[ -
r . S
i |
| K -\
[
| i
- I
. v
& Aa
g
. B
S

30-

- .

35

| ‘40 45
_CALENDAR YEARS

L

~

-
[

L@

M e T UV P

55

-

60 . 65

&

e N
-; N
- N ,.
N .
.. ”
s * .
- .
-
o™t .
- —r - bt pane. L T Y
L — = e 5 e s e - —
H o ) :‘_ '::Eig.
g LT BT
< ,j{
'\ \ '
o gife AT ) -

SST=

L.

1970 e



"NORMAL
ICEBERG
LIMIT ~—

B57

. A

~ 950 ‘1951

19‘54 |

BSB A
1886 4

181
916
A

Y
o X X

914 1922 ;
Y
1924 .

.. A A1920,
:QZW‘

s

L1013 A

1913

. A
A, 1934
1935 ¢ -

.
v
N
‘u
*
ot

N - N
o e g e e e =
Vo - -

SN

¢
.
N
'
|
»
F

W -
Fa

T e

-
‘&\_, N

60°

.-300 ,‘

00

FIG 3 UNUSUAL ICEBERG SIGHTINGS (REPRODUCED FROM '\

o
o

REFERENCE #3)

o> o ' o "ﬁ
. : S ;




4 « - . B . . N . ® i M N - . - L
“ ) . . . . - . L . . c / L . ° -
. o . . e - 1 - . . e N . : o - N

\
Ve A
[ f o ‘ ot N
1o oo , P . . oo o . - R . B MEIEEE . .
A oot . " . Do - o, e B 7 \ . Ceen N L ol
e L . . - ’ . N ! R y . L ' S . t - h B
X ¥ ot o ~ . a, . T . . .‘,__‘ - . . . .o
R .
" L . v

iceberg w:.th wn.nd-drlf.’t cu ent set up 1n the top layer of ,
'.‘ ) RO
the ocean. The exposed port:.on of the :.ceberg is much :

\ & '
smaller than 1ts underwater port:Lon, the effect of the w:.nd

on 1t \15 almost negllglble. Even 1f the exposed portlon 15

,_e sa.me s:.ze as the submerged portlon, the drag force of

1nd 1s very small compared to that of the water movement.{

e fr:.ctlonal force of wmd exerted on the surface

the* la" ea-scale currents of the open ocean. The energy of L
the wmd system 1s transmltted to’ the water through frlctlon,
depending on the roughness or smoothness of the water surface. .

The stresﬂs of the w:.nd on *the Water is proportlonal to the

square of the w1nd velocity for moderate artd strong wands.

The wind/ stress can be expressed 1n terms of the velocity

of the surface winds by o= py W

“ ., LIRS

Where T wind stress . /

2,2 i .“‘.\:’\..::_ |

.:p.‘.‘f', ~dens:.ty of: air l ‘"-rf'f' A R R

, W = wind veloc:.t'y R L
o - . n: . ’;‘ Y N ' A S . “
e AR constant dependlng on the height at ~wh1ch the

Vol wind is measured ahd the smoothness or. roughness

“ . - {'.r-‘: . _':‘(‘

''''''

g e e

LS SO W

B oi‘ the sea surface f N « S
The resulting transport of ‘water is given by T R
ok TNV S S
L Lo - P . P g ‘: o o S . .' - L',.:
;;f‘ where T*"‘ the tran port of water . e \
m f soriolo force
-1 . T°,= l K - ' k .
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As t"he Gorlolos force is a deflectlng forc\t§ acting at

"ﬁ”right' angles to the mean motion, the water wxll be

\ directed to. the right of the direction of the wind stress R

in the northern hemiSphere and to the left oh the direc-". SN

.

e ,}e'.“-_ In 1902 Ekman (8), in hn.s paper on wind currents,

v ge

confirmed by mathematical treatment the effects of the e

deflecting force and of the eddy viscosity on the g‘enera-‘ N

tion oi‘ the wind currents.; Ekman (8) cons:.dered a nox-! ,_- R k .

accelerated current in ‘a homogeneous ocean unbounded 1n the , .

hor:l.zontal direction and J.nflnitely deep. s / A

The equa.tions oi‘ motioq)'for this steady case are (21) f
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where A'— eddy viscosity coefficient, asasumed as constant : \\\\ o
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. p = density of air L
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'.'wm_tlng wm - D’ and J‘!nt{agrating the equations directly

§ tion of the wind stress 1n thé Southern “hemiSphe\re. o -

angular veloc:.ty of the earth = 00007292 rad/sec. E

Nt m e . e
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where C]_, 02, 03 /and Ch_ are constants t.o be determined from

the boundary concflt.ions and z 1s the depth of the ocean S

K

\measured .+ve dowaard. L ',: e _1 SR o

Ii‘ the dept. of the ocean 1s s0. great t.hat. one can

assume\the veloeity neargt.he bottom to be zero then Cl 1n |

the equations is zero. Also assuming that the stress of .
e nt.hie,win_d, T, is'dlrected along y-axis we haye,. c e L
~v.x‘_‘ __-!_'l._-:-_,_.. - <' Sy 'i o AR B

Y L R ; Co

NN e e e, . g :
,‘and,_.:i\"l A du) =00 e T o T !
o :‘:4_ .,(=

From these ecjuatiohs 03 and Ch can be determmed Let "o L

be the veloc ty at the surface, the‘iielocity component.s of .

ar pure drii‘t current as a funct:mn of depth becomes o AR

. FIEOE AR
-u. = o e'ls cos (L;_, —z°) SR R
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Frbm the a ove e t.ions 1t is seen that for the sea surface " '
Y - p ., ‘ : N o .
b oo im0 T e e g .
Hence the w:.nd curre t is directed l;, cum sole from the LT
direction of t)he wa.nd The angle of deflectlon 1ncreases »15"' S R
wit.h the ,epth and at depth z D the current is oppos:Lte ] o
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. in direction to the surfaqe current. The ’.-elocity ofz the

' ‘.Ifwind cnrrent decreases regularly with the increasing depth :

" ‘and“at\ 'z =‘D_' l‘b is t.. 3 per cent bimes t.he surface current.' '

', Ekman called the depth above z = D "the

: ,reslstance" ' Ekman has rel)resented t.he pure wind drift.

DS :cugrew function of the depth as. shown in. Flgure L... :

\ FIG 4 Ekmon sper for pure wind-driven curréém promied .
: » .. -oh @ horizonfal plane: Vg is the surface elocity vectar '
~dewo|ed by 5° 10 the right of iho wind yeégtor

Co -:(Norihern Hemnaphere) After Ekman (|905
: .- S _"'chproduced mm refarence * 12) T '\, -
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current vectors at dept.hs of equal 1nt.ervals. Pro;jected
on a horizontal plane, the end points of the current

\vectors i‘orm a J,ogarit.hm:.c qpiral the El_gnan Splral A' X

cordmg to Ekman's t.heory, the angl‘\é of deflect.ion of the. - j‘. o
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. '-i‘actor should be equal to 0: 025 at lat. 15° and 0. 0136 at -
‘~_'1at 6o° A kN : o

S to which the deflection of the wind current in lat. 5°
- a wind velocity of 20 m/sec. In the same lat:Ltude the windg
'to, 0 0266 at a veloc:.ty of 20 m/sec. From the emplrléﬁl

"results, the Ekman theory seems to give better results than-

. ) that oi‘ Rossby an@ Montogomery «(.1_-5)'.',,;" L ':'i, i
"'~'the North\ A lantic Wlll establish a movement of t.he water

velocity oi‘ movement wi«ll be that a’t 80 ‘ft., an.d 120 ft. _

PR R

i

. Rossby and*Mont.ogomery (15) formed Ka’éles accordiﬁg

increases .f.‘rom 35° atl a wind veloc::.ty of ; m/selc to' 430 at

B factors det:rease from 0. 0317 at a wind velocity of 5 m/sec

same 1nterva1 to a depth of 300 ft. The mean

'levels respectively, and the direction oi‘ t'he icebergs W.lll

two 1n the dce regions of .' 'ﬁ ;

‘i'be 72° to the right of the w1nd. Thus for winds blowmg at '
25 to 38 knots and 13 to 214. knots, the 1cebergs will move\ H

f"at the rate of 3 7 m:Lles per day and at 2 5 nules per day,

a0 & irasemd T g Crnt -

~larger, deep draft icebergs ;00 to 600 f‘o. which exceeds

o iceberg of leaser draft for which the wind force and the '

ﬂorce_duc to wind drii‘t cu.rrent act more closely. For deep'_
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: :":effect of the ocean currents._. The w1nd effect on t.he drift of
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R
4
2
e
H
»
i
d
.

.

\

e

¢

’ ‘
':“.:."."
Aty Al
D
R
ol
." 'l




T
[ ’ o [ e N oot L L A
! . ""“‘1! Ce. g ST ;»"~:' .\ SN e

R immersmg :Lcebergs the deflection from t.he direction of -
the v{:Lnd is o‘hly 20° 14.00 (19)¢ For deep draf.‘t icébergs
'L_"Aand smaller bergs the effect of the wind force and the

. f
. force” due to wind d'rift curr‘ents are given in Tabi} I

Sy

d,_eDirect wind force and force dus to wind dr:Lft on ic\ebergs ‘

““*(According to'Smith.) a,.. &eep-lmmersing large lcebergs'
‘ b smaller :x.cebergs. ‘
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' of l> | During. March ‘to April the flooding Labrador
Curren't flows quite closely to the eastern slope of the
Grand Banks and our‘.Ls arouxﬁ\the tail and, extends north- ‘ RS * ‘
westward along the south-western slope. ’I'he minor branch | ':-"‘- ? ‘
" of this current goes South along the Avalon Peninsula makmg BRI S

“ the icebetgs drift westmard off the - southern coast of - :

Newfoundland Around the tail of . the Grand Banks one o

part of the Lahrador Current curves to the east parallel

to the Atlantic Gunrrent and the other part turns towards ]

o west and mixes along the southern side of the current 1n

L

large eddies with warm water of the Gulf Stream. ' 'There is no ]

detailed information available about the currents over the

Grand Banks (11) The ;abrador Curr‘ent fpg‘ms ‘the. channel a U

along which the icebergs pass 1,8° .~.. The maj_n icebe@ ﬁ'- ) o ‘
trackstas given by Smith (19) are: shown in“-“ ure—7 \‘, PN = I
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o= L Russell in his thes:Ls (16) mvestigabed the drift

' pattern of 1cebergs due to curr’ents at 1ong1tude 52° 30' Voo \.'

-

. "y
: and latitude 50° 30' N. : He studled the currents at hor1-<
\

- zontal po\s:.t:.ons over a Spatial length' hle of several mlles

a“d at depths of alPP1”°x1m~'=ltely *Sm, 28m, 65m, and 218m.,'.':. LT
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,;.’:‘- Effect of T1da1 Currents and Otrer Variab'le on the Dr:.fts t\_':? ‘[ \
S of Icebergs becH IR - I R R
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i The rn.se and fall Qf sea’ level assoclated w:Lt.h the tldes

imparts mportant mot:.ons to the sea water. In the open \'- /‘}

1n i‘orm whlc"- eams"ci,e flow cor;tmuously changes directlon
T o durlng the' t.ldal cycle as shown 1:1 Flgure 8 a A

LL+1h _zueh

- Figure 8 Tida°1 Current.s in Ofi‘shore Regions
[ - (Reproduced from refekence*—/ﬂ” o ', :
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Somg effects of low. pressure on the dr:.fts of 1cebergs
as observed by De‘mpster (6) are shown in Flgure 9. Presently i

.,

o only thé qual:.tatlve eft‘ect oi‘ the waves vva\ri.at‘.:neons of S ff -
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s v ; Y
;j'.i ; *:Therdata for .u“
: the observed drifts*have been obtamned from the records of h

'ﬂw s1ght1ngs publlshed by the nternatlonal Ice Patrol’for

the perlod 1950 ~ 1956 (22) : Tbe observatlons Whlch re-.,*

byt M~-':‘< -

'f:fiﬁ IR on dlfferent days durlng the~period are summarlzed in. ;”* o
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D ‘Appendlx A\'."Some\ typlcal v%tlves fr‘om t‘.hls appendlx are |
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f\Icebergs from Internat‘;l '4;31
Ice Patrol Reports IRV

Sightlngs (o

;%31?15: Kb%gféé% hllgpegreegin ¢’ (Day§)
ft;fff{f L7n0833iefﬁ;.'fi'*ég%”” :
.ft¥3.€ 6 9167?1Fflﬁff5;fff;,
e 4616667 b R
AR s k67 ﬁ, e
ol e i
v }e%j;' f)@§;7§§3£/ 51 3333 -jé;eiii;i?f. i

. 47 zooo, = usz 6500
W 6333 ' 52 h667
.5‘_:;47 4333 52 ?333

347 4000» < 52 5167

o present the 51ghtings of iceberbs at two or more locatlans L




. . .
. i N . . TR . . : . R
. > P e c — ,_" : -, .. . P oo . . v
. ‘. . . — .- - Ve B . A . .
T el S .
X et e 300 - .
Vo e T ;
, LT 4 ‘
T Q
e . . ol - . . : . o . K
i . . . ,,' s . ;. L - . ._“, . L
/ . Co SIS
‘ Lo

{/f jﬁjr‘:»: The following comments on the data reported,by the

~

- :‘ - ,

COL e T R be 25530 nautical milea per’ day and some icebergs

."LT, have been observed to travel up to 36 nautical miles
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';'% _Lr ‘{fgl' by an i rg in excess of 40 nautical miles per day
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. 5‘_ ,,. ant effect on the berg velocity are not specified
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- f: each iceberg is belng propelled by the surfaoe currents and

N

that there 1s no(effect of variatlon of current f&om the

surface to the bottom of the ocean. Th;s assumption belng

iiloglcal is not used. The.etper alternatlve is to afsign"ﬂ-'v :?:,
'rat;o of draft to depth’sof the ocean to each :Ld’eberg. _:Th‘e X "-,'
shortcdming in this eourse is that its veriflcation agalnst %} .
. ‘This.méthod allows the uge™ | if i
-h ) of average current rather than theﬂsurface_nunzenbr_.Because %f
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which can efﬁect future data collection andxreporting.

‘ﬁiy However this procedure can provide streng indication about

the relationship between the<berg velocity and its draft

pinpointing future areas of research The variation of
. "s._
'ocean current from the surface to-the bottom has been .

. assumed logarithmically by most researchers although this i‘

a

has not been~verif1ed experimentally.« Logarithmic varia-s;

: tion of the cﬁrrent has been used }n this study.-'“'
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factor K and the average current velocity over the d@aft
of&phe 1ceberg The average current velocity ia obtained

from the resultant of the o¢ean and the wind-generated

current velocities. If V +-? Ub is the resultant surface.“:.‘

current velocity which varies logarithmically with respect
to the depth of the. ocean, then the current veloc1ty at any

depthais given by

j",-\‘:’.i. = (1 J1 1,1\.3zn (1 + z/d)) ﬁ
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where U current Veloc;ty at any dept~:_a‘

d = average depth of the ocean for;the trajectory of

r.,_" .
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fgb_if}f,:i 1. 00 The values of the a erégfﬁﬁéiactor XA 1n
_ :.;:if.‘ft equatlon (3) have' been determlned for 1 = O 20 to
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"o IjXTﬂ'”} velocxty of the surface currents.,.The average

?= current velocity 1s a product of the averaging
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v in the movement of an iceberg. 'Distance travelled

. ﬁfper day by”“‘“iEBErg has been computed and com
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".}-pared with 1ts observed dlstance. The results are

~1113t°d in Appendix*glmﬁ_§2£@_tzglgal values are
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' ib:ceberg cannot be ascerta:.ned reasonably w1th the present
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nology.» However a:i‘:.r*st order approxlmatlomof the ;‘.'/j

draft. may be obtamed fr'om equatlon (2) An analys:.s of the
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relatlonshlp bet.veenfehe*berg veloc:.ty and 1ts draft and -
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.area for i‘uture ~research SR . '.._
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"2. It. is 1mportant to l;now the precxss.locatlon of a tragked

The shape oi‘ the submerged portlpn of ‘

. valldatlon of. the qresults w:.th fleld deta n.s a véry promn.sing B

iceberg. In the Intern;tiona[ Ice. Patrol reports, _the loca-_‘__
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tions have been repnrtecl 1n degrees and mlnutq_,p,But aﬂ-

\‘l

dlfference of 1 m;Lnute 1n latitude could result in an error\ ‘ :?-‘»;

of l nau‘a“lcal mile m the observed d;stance. 'I'he locations ';

of :Lcebergs should be recdrded and plotted more ,prec:.sely

correct. to seconds. _' .i:}." ',;"'.“’ Vi ERECR "
R "; “- PR I—. - s . . N R N

3. N The t:.mmgs of successn.ve sightings should also be D
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bo' The errors caused by 1nstruments used in sightlng 1ce-,
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