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& Sther envuonmenwl forces e the meberg o fom

lcebergs has been anaxysed, Thls wave ,dnft fotce was’.

{included tnget‘ﬁ/ with ‘other env,tromnental forces: acting

neqllgxblé The ave drxft fcrce was dsnved by taklnq he

The ccmputed

horzzontal plane ;

“The ice be:g trajectcry can, be bund by




nd ‘has the' game order

Including the
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(uc] C]), water current’ veloc:l.ty at’
"‘layer of iceberg \mderwater. o
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3 =. (ug wg), geostrophic current velocity.
. v, =, Magnitude of the normal component qf
n ( velocity on the immersed surface of the
F iceberg.

R = Ar drag coefficient, i

A ba = Air density ' 7
BOLE oA = Water- drag coef£1cxen£‘

3 Prnjected area of“méberg profile abcve
+ water, pezpemhculax: to. wind direction.

_Pro;ected area of iceberg profile of jth
layer:of underwater’ portion, perpendlcular
L to c\xrrent chrec wm

znsm u, Coriolis aramete .

7 Angular ‘velocity of earth. v li,
‘Iceberg 1aveitide. L. .

“1; 6, modés of ‘motion (six degrees of
freedom).. o

Body velocity in the jth mode of motion.

The contribution tovelocity potential
from the jth mode of motion.
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area; since the presence of icebergs has the potential -

- floor. *
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§ CHAPTER I
INTRODUCTION

The recent discovery of hydrocarbons in the Grand
Bank area near Newfoundland is good news for this energy-
thirsty world, but there are many hazardous problems that

; X :
will be encountered for any type of offshore operations.

One of the problems js iceberg drift in the Grand Bank

6 interrupt offshore activities. Furthermore, iceberg’

scouring may 'damage any ‘facilities mounted on the ocean

-
Analysis of iceberg response to different environ-

mental ‘conditions is important for studying its behaviour.

In order to avoid an iceberg hazard, one has to p;:eﬂict

iceberg. path, which in turn depends on iceberg gecmetrical

and the envirc 1 forces driving it. Environ-

. mental forces affecting iveberg drift pattern consist of °

current force, pressure gradient due to ocean surface slope;
wind drag, water acceleration, Coriolis effect and wave
drift effect. ' . . . i

- .The -trajectory of “iceberg drift can be predicted from

mathematical models in a form of differential equations




current. - 'Huwevar, “the: wave drift force hai always

telating icepezg paxsssters and environmental forces
affecting its motion. Mathématical models for predicting
drift trajectories have been developed among others, by,
Slodhi’jand Dempster (1] ', Napoleoni [2] , . Mountain [3]

‘Sodhi and El-Tahan [4] . The environmental forces .

€ Considered were COHEisted of Coriolis force, current

'fux‘ce, wind, fo:ce, and the fcrtce dus to geoatropxc water

neglectea, ' s

In this. thesis wave drift force tas been presented

-‘and calculated using. three dimensional singularity

distribution method.  The. wave drift force has r.hen beeén
included together H:Lth other envxmnmental forces to form . -
an’ xceberq dxxft mode.!.. The node]. s, dxffemtial equationn

©of motion were solved by ti p i ation fech

‘to ‘produce predicted icéberg tnjuci:ory. Predicted
tra)ectones-bned on the mathematical mdel: both th:h

and without wave effect have been calc\llated and compared

with observed results from the flald.




f‘ .
. CHAPTER II
. - e % . - g7
WAVE DRIFT FORCE . ¥
, 2.1 Wave Forces
% ey . i
Icebergs floating in the ocean are subjected to
wave ‘action which may be ‘represented by two' force:
el LR S § e ri}st order wave 'foir:e: E S i b

Th1s force 15 lmearly pxoportmnal to the wave . . W

of the em:euntered waves. T is perlodlc S

nature with a zero mean fot time average [5] ! i

(b} econa oxder._wave force

This force is a time averaging and slowly varying

force with ies below wave: Gencies.

I"—ﬁ magmtude is propc:npnal to the square of

e B R the enccuntered wave amphmae [s]

e ST e fizst otder w‘ave force-is the so-called p'exiodic wave

emting force,, This force is responsible for the'periodic
macxon of floating hodms (in sid degrees of £feadon). i h@ B

frequencxes similar to those of, the waves, and prgdonu.—




. .
However, -it is the second order wave.force which causes

any freely floating body to drift away from its 1mmal i

positlon. Thus - the se-:ond ordex Wwave force,’ namely the

wave drlft force is a important in ‘the moonng fotdes

analysls far floatlng structures in waves: ..only the'vave

arift force is of interest

in ‘this. study.

.2

Hxémdzhamic aoundagz' value: Problem o

;Consider ‘an 1ceberg floatlng freely in’ waves, vuth

tnder’ v,;ate: surface S(x, $72). .= 0,/ as shown’ in Figure: i

wher

okyz is a carteslan (éo-o;

nate system. 3
o-is the orlgin locad:ed on: tite waterplane, vertmauy !
above thg center of .gravity of 1cebetg. ! @

xz-plane is parallel to'the calm water surface!

y-axis is pommng upward.

Assuning that the £1uid is homogenous, nwlcld, (and :.ncom-‘ .

‘presslble thh a nmte depth of h, and ‘that, the. ﬂow is

uzotacmnal. A velomcy putenual m is 1ntroduced o

descr.\.be the' £luid n\oflon., Thp:total velocity potential

., @ ‘can be wntten al

RICEEH




The yeloc,\ty potenual which: is & functlon
- of 'space_co-ordinates ‘only.\

| The real. pazk-of & complex functi

> awn nto two'parts:,

B R VeIDCity potennn‘l e to 1nc1dent wave oI(x,y,z) .5

2 Veloc].ty potent:tal dte. to wave dmracuon o (x,y,z)

h lablon‘ k Hence,_




atialmust’satisfy Laplace’equation:’

. The' velocity’ pote
a o8 - \




~ tan (z/x)

unknown enmplex funcr.iun \dt.h

- the “iceberg’ surface

qni:ude of- the ‘normal’ cwponent
of velocity of the immersed surface "
“of the body. - R




_unknown_solizce density functior
co-ordinates of:a surfacé point:
point.;

co-ordxnates ofra nelq

Green 's, function.




ntegr#tlon in equation (2. 9) 1s Dver the wetteﬂ
surface S r;f the meberq. ; i g by R

The p thular expxesslcn for Green s functlon G,

ropriate tothe boundary-value problem posed, is gwen

by wemmsen 'and Laxtone [s] iand u ‘may’ ake' one og t}ge»

5 vfolluwl.ng fol—ms :

1 Integral

li
26 = 7?* R

e 2 Gy ) cosh] [kln+hl]cosh[k(y+h}]
2 NP
PR T e

L.

9, = Vs ]1/2
2] 1/2

‘ ]
B L P

£ tyitnem 24 (2-0)
Z] /2 ;

t (z=2)

integ

! /q_ =k t’anp(-k‘h)'



G

'z-(v-k)
A'l e k“h=vh+v.

cosh[k(n+h)]cosh[k(y+h)] [y (kr) i u:r)]

1 i
:eal posieive roots ot u\e equation $
Ty un(nkh)w:o




(series form) 18

’l‘he thJ.::d form of Green's functxo

appropn.ate for the D R R Beriod of the motion

!interaction of waves

i5 very large, as might ccuf in th

' of:largé peri‘oa with large body.. This form of Green's
fnnctxon is more appropriate for the -case f ;iceberg in

waves, and’ it has heen used for this study

T A
+’a7“y*az‘?z




e s B Equatlon (2713) 45" £o be- sansned at ‘a1l Rointa (

over the wetted surface §-of the Lceberg. w

t10n t2 13}. Once the function f is. foundy it is passible

salut;an of the Fredh In integral equ txon ot e

1 has heen ach:\.eved by ‘using numerlcal sclutlon

. “second )u‘

The average undemater snrface S of the 1cebez‘g' e

; has been dlvlded ‘into'a large umber j of émall facets each

at each nodel p(nnt :| over the suzface S84, The derl.vativ
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. *  In equation (2.19) the elements of the matrix {8} have

e been obtained from the following relation:

A . gl o
i By =47 /;é.G(xk, Yyr 2ypi€en,E)dS 3 (2.20)
3 S 3 N .
a From equation (2.19) the diffraction velocity potential
g g . . at-each nodal point j can be obtained. Substituting the

co-ordinates of each facet centroid into eqyation (2.8),

“the J.ncidem: ‘velocity potsn,tial at the )th ‘nodal:poipt on

the

a
surface can ‘then be wrltten as 5

ST T G

Assum_(ng that the fl\ud is humogenous, invicid, ‘incom-
_pressible and- 1rrotat10nal the wave force dcting on a

R £loating body:can be calcu_lated from the poténtial thecry:

- Wave force can 'be' calculated by integrating the fluid pres-

*'sireiover the wetted surface of the body, and it can be

- expressed in vector form s . i g ga? ;

- instantanedus wetted siirfacq of the body,
o the suu water

the ‘vetted body su,:face b
D)




WL = the wdter line curve of the body at y = 0.

n = outer normal vector, 4

In equation (2.22) an area elément dS of the inter-
mittently wet portion of the surface has b;en expréssed as
‘ (dy.di), since the body surface in the vicinity may be
considered vertical. Since the pressure variatioh near

the. Eree surface is hydrostatic to the first order, the
‘ ¥ ptessnre integral in the:second part of the right hand side

 of ‘equation. (2.22),can -be written as:
: vk ; »
g"pdy = g"_(pq(ﬁ-v)'+ 0[e2]y ay = 2 /20907 + 0fc?)
! (2.23)

Where:,

‘ e - = perturbatxon pa;ameter with respect to ny‘dxo—
stati

\ ¥ ‘n = wave elevation

p = density of water. e

. The pressure on the body surface, to'the second order, can’

be written 'from_ Bernoulli's equ%cion‘ as:

S L e ea+ sl o281 4 :2[-pat-1/2alwlzl %0 [»3] ey
; ~ g (2 24)

N | S Vs B . 5,

‘4. = ‘first.order velocity potential.

4! = second order velocity potential.




. F. = Tzdt'(l/Zp J(]v,[znas = l/Zpg/v!andL} (2.28) °
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The total wave force acting on the body can be written

as: .
= 2p, 3 .

r)- €F) + e?Fy + 0(e) (2.25) .

: |

‘Where: |

F, = First order wave force. ' .

5 {2 = Second order wave fo;‘ce. ¥ . . !

Suhsucuun‘g aquacion cz 23) nd (2. 24) intg equatxcn

can he w:itten as:

ooy ué! 2 nas . w7 (2.26)
F o= 26 +1/20f 2 nas- 29 7.27
5 pély’ Senas 1/2°Sé Ivs| ndsl 1/25'{1‘“ »z st : 1
* Taking thé time average of thé total force, the first . -
order wave force (equatiog 2.26) and the first term in o
equation (2.27) will vanish, and the wave drift force can. .

' then be written as: . o s -

WD

X/
fdr. (1/quJ 2dg )
T " 220
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The first integration in eguation (2.29) can be found:
PR T TR T T |
o - b Y 230 a &
© andas s =4ptey - 4 .
' % 34 £
c 352 . 2, Wi -
"= Gx * ow) &

L3¢y
P2,
> g

Mp2
e

cosh k 49) gin k(x cos B+ 2 sinm)] © . L

9a k coss
20
9%a k sinh k (hty) s s
=3 Tooshxn = cos [kix cose+ z sins)]
9"a k sing cosh X (hty) _. .
—2 = eosh xn = sin [k(x cos g+ z sins)]
: d 8 (2.32a)
equation (2.7): =

(2.32b) ",

The derivatives of diffracted wave potential are:

e " % dp. Ly iy ‘ N .

A Lo e 8 Gy,zitingg ds :
. -t




2% . .

p_1 3G e
= e lé f, Y (x,y,2:8n,8) dS
2%p _ 1 1

G,

Ay

ES (y+n)[(x ©) 24 () 24 (2-5) 2

+ [ee0)?

3z "aw fL £ o5z Gyezigmez) ds

et) ([(x—e) +(y-n) Yitaze) ]'3/2 :

32

2]-3/,2) : 5

- G, [,(x-()2+(y—n72+(z—;)2]_3/2' .

/2

= ty-2nh=n) [ (=60 (y=2an-n) +(z-:)2]“3/2

e (y2nh+n) [(x—a) + (y+2nhn) %

o Leen e 2 (000472

(2=t

= ty#2nhcn) - [ -6 2 (ysanhien) 2 (220)
¥ (y-Z_nh:+fr|}2+(z—l)2]_

3'/2‘“ el

= (ytanhin) [(x-0)>

=t (Leey eyt a0 2]

232
21—3/2

372 ¢

(2,33) "




+ [0 y-2nn-m 2 z-0) 272

4 [(x-6) 2+dys2nnen) 24 (2- 0217 32

+ [ (x-5)% ty+2nh-n) +(z=c)'2] vz

wL o) % (y<znh+n),z+-( )"‘]"3/2

In' -the laccnd j.m:eqraclon Df eqtution (1 29) the wave '

Il.v.tion can be obtained fm the fol].md.l\g telutlon

Ln
PIlN, ¢osh' uhq {1 (L i’“ k(- cosp.+. z uua))
'16 coshkh | -
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2,6, Numerical Example

The wave Arift force ha’s been calculated:

. tiethod described.;

“'schéme has been appliéd on 3

sSing ‘the

“the prevmus sections. ‘The nmnérical

dium slze tahulax 1ceberg

with overall dimensions of. 90 X 90 x 28 n\eters and whx.ch

has an appmxi{ua{e mass of 200, ooo tonnes

This. 's.\.ze -of.

v :u:eberg has heen chcsen because it appro’(lmately represents "

“the 'average slzes of

:v of the undezy ter' portlon of “the

4s elemehts for the' s ngularlty i

copverqed iz idal’ golation:

edium icepergs Whith may. beiencounter-




<21 7 5 5 %l Ty
Daed el ot e el e ¢ v
. periods, namely T = 1é seconds, e 14 seconds, and

T'= 16 'seconds. . Also wave drige force. l:neffiu:.ents have

. béen"computed for watérs with dlﬁfgrent depths‘'h 100

meters, 150 metefs, and greatex than 150 meters. Results

of theae calculatmns ar shown 1n quures 4 and 5.,




‘tra]ectory ‘of mebergs,

: Napcleonl [2]

mental forces, which vary’ in magni

EQUATION.-OF - MOTION ICEBERG DRIFTING

In order £o predict iceberg movement under the effect

“of various environmental fnicés, thé equation of motion

"of the icebgrg has to o be developed and thers solved. ' Mary

»attempts ‘have ' been made, 10/ the past to deternune the -

San these works mainly wmd ‘and ‘currént fordes iere con-:

sldered The wave dnft actxon on~1cebexgs had alwaya :

Vbeen 1gncred 1n the past. In this: s uﬂy the wave drlft

¥ fnrce as well as Dt‘ler envxmrunental forces Buch as current,

geostrophic current, wind &na c:onohs effect have: been *

‘congidered ‘in fomulatlng ;2 more: accurate equation of!

motion of icehargs. o

Ly B s
3,1 Eguation of Mcticn for Icehszgs 2

: o o IR S I }
‘Toshargs aive subjected tS:a wide. variety.of énviron-

de and e at:l.ve dlrectlon,

and also. which depend on the 1ocauon of icebergs on'the

earth 's snrface. The -dr).ft of any:. l.cebexg occur: Fine to .

the J.nte:act:.m\ bstween these foxces and; r_he ,’ebezg itself.

Tms m:eracucm dn turn, depends on u’:ebexg size and

o




23 .

geometrical-shape. ' ] i X

- The interaction between iceberg and environmental

forces and the resulting dri'ft cdn be represented as the

following differential equation of motion:

o ] B el e [ B 5 gt

¥ Mass matnx ]

: Added mass max:rxx

Wave d.ampmq codfticients macnx

Hyﬂrostatxc restorxng coafflcients matrix. .-

= Envuanmenta L

forces vectot

. = Displacement vector

o Bl €.. = Velocity'vector®:

t3.s :Ac'ceieratio'}. vector.

5 e 10 e The osciuatory motion-of the iceherg 15 assumed’ to be;

: sufficxently Bmall" then the added mass’ due to local wave

‘dlsturbanqe and the dampinq effecb du’e to radiated waves are -

"neglected. However, the added mass of tha icebers o to the

translatory acceleratlon is taken ).nto cons derat).lm. _Equatlon

_(3 1) can”further be-simplified’as




P

.+~ Equation (3.3) can be written as a set of two couponenc
differéntial equati

m " .Iceberg mass

taken as, wave drift force, air drag, current force, force due
to gest!onhu: current’ und c«)riolu forcel Eaua:icn (J 4) can

be wtxn:en ncre explicxtly in the c}mpoﬂant form:

The translatory motion of an iceberg is only limited

in the horizontal x - z planme, and the hydrostatic restoring

forces can be negligable, equation (3.2) is then reduced to: .

[m+om] 7=, TP, (AL

in.x and 'z di

Ko WA,
o LR o

my{ "= Added mass of xcebe:d in X direction. il 3 LR
Byy = Added fass of icebery is 2 airection
Envxtonmntai forces ncti.nq .in the x auectmn.

IF, = Environmental forces' acting in the.z girection.

The environmental forces acting on the iceberg: are to be -

(m*mll)a-e = (r ;(*1/20»1\‘1 slns+mq1 (w—ué)

G g g i




B 25 : %9 -
& m "ﬁ“a:’?’ + 1/2 Capal\ava cose + mqy,b('u - ucq_J
+ 1/2 373 =q’£ A (Wagr ) Tggm U1 (350, A

21%wq

(u,w) . i:eebeig \'Ielcucity.'

—-‘(u ,w ), wind velomty,

), water urrent velogity, at qth laysx of

m dennity.

B Water drag. coefi:.cxeﬂt :

i =Water ﬂens:l.ty.

‘a. = hrea of iceberg: pmnle above water, perpendicular Sty
to wind direction. 5

='Area of icebsrq Brofite of qth layer of
“portion, perpendicular £6. éurrent airectio

2[]5111\[/, Cormhs parameter.(

locxty of eartH.

betq ‘rass’ fm: x an z- d).zect:.ons, m11 = m33 = 1:_







The vaiues‘ at tine ¢+

posu:mns ;.

Vel ’_
1nq relntions‘

+At)=u(t)+At




. 3.3 Two Examples from Fiefd Data ¥

The mathemati¢al drift model &eve}opaa in the.previous"
sections has been tested and verifiéd by comparing the +
trajectories of two icebergs obtained from the field measure-
ments. The Sdth B mansdEed tra]erztorxes were taken from
the field observatitns in ‘the Labrador Sea during ‘the off-

shore drilling season of 1974 [7].

., . Threelsets of data shéuld be avdilable to -check the

. mathematlcal ariftmpdel, namely, . ‘the iceberg size’and

qeome(:ny, envxron.mental data, and the observed trajectory.
'l‘hese data were arranged an& prepared in a fcrmat smtable

for’ compufer applications. . v 2

(a) . Iceberg’ Size and Geometry

N The two itebergs used in this study were iceberg
nunber GL81 which was' first sighted .at 1300 hours
" . on the 3rd of Septe)nber, 11974, and dcéberg number
G183 which was irst sighted at 800 hours on the -
", 4th Of September, 1974,  The ‘two icebergs had a
"% pansiofiappickinately. 200,000 "tonnes with a tabular
shape; y )
H‘m) Iceberg Trajectory / P

Foi- each iceberg, the trajectory: was established




: " 3 .
from the field measuremehts of distancé and .

bearing by radar:with respect to the observation | ‘
station. The obsérvation s;:ation was located on
the pridge of the dnus}up Pelican and:consisted co.
‘ S of. two jdentical port and starboard radaf‘ systems

3 , LI
with the following specifmaumr 9 g

. v
s Manufacturez

Kelvin Hughes

‘ 5 . | Wave Length % ' °  2em x'bqnd ® SR

Model 19/12 gyrc-stab:lllzed AW

isplay units
- . with variable range. cursor.

Antenna length - 2.3 meter . e NVl &t 5

fransmitted ‘power . 25 KW:

The efficiency of the radar for-iceberg detection - -

was established from pxevimxs observations (1973); and

is summarized in Table 2 which gives the relation 7

between maximum detection. range "R of bergs ind the

percentage of berg, detection. As shown in Table 2, f

half of the bergs were not seen on radar until they
were about 16 miles away and, 20 percent were not '
detected until they vere:8.miles avay. Those not ' E s
‘» ; : detected until fhéy were within range of 4 to 5 wiiam v, %

and less were usually bergy bits.
‘ Observations were taken every hour and recorded
in the -iceberg log from the moment the-iceberg was




_first sighted until it was Safely awéy from the
drill ship. fhe table of leeation and bearings of

s fhesdodbers wis Heed ia ooyt :2lie; sndithe Ghserved
trajectory was plotted using the computer plotting

routine. Iceberg logs for icebergs G181 and G183 taken ‘

. . . on the ship are shown in Figures 7 to 10, respectively.
¢ A =
(c) Environmental Dat& - .
O . . -
¥ : ; Env;xonmental data’ were obtained from the daily i

gbservation log on jboard"the dnnsrup Pelitan, The

obsetvatxon log provides a1 environmental aata wmch

gt have besm measured and dompiled at a part].cular :

e N/ location. These data consist of:
=
1. Wind speed and megn direction:.

AT1'wind speed and direction measurements were made

“on drillship. Pelican every hour with ship's anemo-

meter. ' Dial readouts of wind speed and direction i
(relative to ship's heading) wére recorded. fTrue wind
. dirgotion was taken by adding the dial reading and
the ship's heading from the gyra-compass. .1}11 wind

measurements were taken as mean values'of 1-2 minute.

v ® o 2. Wave height and direction:
e 1 T ; o/ :
N . All wave measurements were taken by using-a data well.
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waverider buoy and associated equipment. Moored
about 0.6 miles from the ship, the buoy sensed
"acceleration which were then double integrated to
convert ‘them to wave heights. It transmitted wave
height continually to a receiver mounted on the ship.
“ 8 . The recorder was programmed to switch on for s‘ampli_ng

p;eriods of 20 minutes in.3 hours. Continuous records

were possible by overriding the timer: Pxom ‘the wave

ticn! are filed

recorder wave' _heights and wave din

]  in the obaervnt:ion loqs as ‘shown in ,Tables J ©o 8.

Current !pead and: aize_ctia

.

Current measurements were obtained every hour from

/t.hxee leparatevdkect—-rea‘dingv current meters on t“ne
Pelican.. The first one was the ship's own electro-
magnetic current meter, fixed beneath the hull near
t‘_he‘mgbn pool.” The feadout from this meter was with
L aial indicator on the bridge.  Thé other two meters of
type BFMO008 and BFMO00S, ME.2 were suspended from th'e oty

bml of the ship:at depths of 15 fleters and 50 mebers, 3

vexy. The d-out units for these-units | -

were moum:ad on' ship's bridge. The meters_had-a.

accuracy of ‘the rande of 2 pe: cQt_\d
_ accurady of the range of 10°. \

speed .




E September 9,

The daily observation logs for icebergs G181 and G183
are shown from Tables 3 to 8. The observed trajectos
ries of these two icebergs are shawn from Figures 6

to; 9. Computed trajectories with the wave effect
plotted together with. the respective observed trajector,
ries are presented in Figurés 10 .to'13. Com:_utati.‘on‘
fof iceberg Glai s-ta:tea at 1700 hours, ‘Septemﬁé;: 3,
1974 and ended at 1900 hours, sepcember 5,874, o

Computation’ for- leeberg a3 startgﬂ £ 1100, hours, | i

1974, and ended at 0500 hours, Septemher

11, 1974




CHAPTER 1V

CONCLUDING REMARKS ) {

The. wave drift force acting on icebergs.has been pre-
sented and caltulated in this ‘thesis. The calculation of<
the wave drift force is based.on & three-diméhsional singu-
It ' 5 larity'distributicn method. - Tt wis found that the magnitude’

fofens e b BE the wave dnft force s of the sare order asother envuon—

’;‘mental forces such as cutrent, wmd or Co lalls _forces
“was also’fourd ‘that the wave drxft force depends on the sue_

of the iceberg and" in pazmculaz the size of its watexplane‘ it 2 ]

The ‘wave charactenscms affect  the magnikuds o drif

which. is Froportionil w).(‘.h the ‘square of wave amplltude and.

’decreases with the mcrease of wave perlod. In adainon the
.. wave drlft force was found to be affected by the chanqe in

water fieptk!. . B | ki L ~

The icéberg drift model used in this stuﬂy is Pased on’ .l s

‘the numerical solut].cn of ‘the dxfferential eqnaclons of mnt].on.

The' time step ;.nteqration has been appl]_ed to 'the numeucai»-

‘ R Scheme. * The accuratcy of the result_s depend. on’ the ‘input:

paranetets. as weil as the numerical method, itsslf. The:input :

parameters of an lceberg are its mass, suxface area, and lpcation

: baaad .on field observations and. can have the measuxinq errors A

. of the ‘order up to 40( in some; ‘cases .-




The accuracy of environmental fprces’depend on quality

of the measuring and recordifig instrufients. These instruments
have inherited errors as ment)cmed in c}xapter 3 " parameters
such as water drag, wind drdg and added mass coefficients are
assumed to have. Vﬂlues taken from sxxsting lxteratures, but

not necessarlly ‘the most: rellable values: Tha sl.ze ;of ‘time °

step | has been taken as one hDur beca\xse most. envirnnmsntal data

as'yell:as ranges and bearings of icebetqs ‘were msasured and” e

récordgd in, the xnterval,' £ one Kotz . Tt 15, assuied that the;

iceber'g'haa'a’ steaay' m6tion wiéhm this. tine interval, 'chis is:

¥ due” to the large mass and.inertia of ‘an iceberg compared tn the

relati ely small en\n.rcvnmem:al furces actlnq on it Decreaslnq

“the size of the time step may improve. £hé accuracy oF the results,

buc t‘.hxs‘ xequues data to pe xeaczded in shorter time intervals. .

It is expected that thera will be deviations bet:ween

observed trajectnrxes ana nmencauy calculated trajectories of

':.cebergs due” to d ffe:ent. types of errors and methods of approx—

In Dart).cula! the selectlon of 1n1tl.al comiit).ons of

the icébery.motion and locatlon will afiec(: the computed tra-
Jectory From Figures 1 o 13, it is] 1nterest1ng €0 observe
that 1nclud1ng the added mass’ in Genputing. icebery. tzageccuues

. may not’ xmprove the pxedmted arift - pattern: slgnlficantly

The resulté obtair_.sd'fmm this gtudy. have shown that it




is important to include the effect of wave action in predicting
the iceberg drift pattern. The improvement of accuracy in
predicting the drift pattern. will enable the operator of any
offshore installation to'make:the right decision, at the right’

‘time, 1 ing ion or ion of. dr).lllng activities

when an - icebexg is. app:oachxng the sxte. .

{Tni this study, the wave “arife gbree; {s based on-the regulax

_wave - analy sis ‘and oly., appned g, 1ceberqs ‘of- tabula

shape. R

y Futuxe reséarch is needeﬂ to nvestigaté the drifting behavlor

of, 1cebergs of other shape’s ‘and ‘sizes thh the l.rrequlax wave:

i theory

small size is s X ‘n: is hlghly reccmmended that for. '

, any fut re mathematlcal modellinq cE icebetq d:iit the wave-'

drift effect shculd never “be, overlooked.
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condifion - |Force

Condition ™~ [Force Condition
% 10%n % 10% |y
‘ater frag\ 5.35. | Relative Vel.- |15.12 | Rélative.Vel.- |34.02 | Relative Vel.
T 0.2 m/sec.’ el = 0.4 m/sec, =10.6 m/sec
‘Wind Drag’ Wind Speed 2| 7.8 .| wind speea 17.55 |Wind Speed
3 i 20 knots .- ws [ =40, knots", =60 knots
“leoriolis Efrdce 0.76 1.52 - |'Latitide 2.27 | Latitude = 55°
: : \ - " 3 Rel:.Vel Rel. Vel=10.6
2 A ‘m/sec. m/sec.
< . Jeeostropic Bffé{:t = “Acceleration= -|"'8.0 . | Acceleration= |12.0 | Acceleration=
Al i 2x107% . w/sec? |- 4x107% m/sec? 6x107 m/sec?

+ Wave Drift Effect

a Variety of Environmental Forces Acting on a
200,000 Tonne Tahulaz Iceberg

8.11 " | wdve Amp=.0.5m| 73.00 | wave Amp= 1.5m
Wave Perlud Wave Period : .|
=12 = 12 sec.
Table 1 Comparlson -Between the Magnltude of

8€




_Maximum Detéction :| Percent’of Bergs
‘Range "R". of .Bexgs
and Bergy '

Detected' at Ranges
; Greater than'”

Relation Betveen Maximum Detection,
Range "R! of Bergs and.The Perceritage:
of Berg Detect on: (Reference 8)."
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NMME OF VESSEL: PELBCAN-. ' . °  DAILY !
sostrzoy | Latitude: 54%54 [pate:. Ssept. 1974 £ oN. N
7 [Tongitude: 55957 W __|Time zone:  GMT-3 oG .
. WINDS WAVES i W) . CURRENTS ~
Time. [Mean {Max..Gust|Mean |Signif.|Max.  |Mean Swell [swell (wave 15w som
(Local) | Hourly|and Meas.|Wind |Wave ~ |Height _|Zero  |Height|Period|Dir. |
.| Speed |Duration [Dir. |Height |(3 hrs.)|Crossing|’, - Speed|Dir. Speed [DiT
wl . |Period S (Towards) |(kts) | (Towards)
100 | o1 | 180 : 100 .11| o050
0200- | 04 140 § casfl ¥ 110 .10/ 050
N - 0300 (06 | . ° |130| 2.0 3.8 [ 6.4 | 2.0 ['6:4 - 120 “.06| 070
0400 | 07 <o | 140 - : 120 .06] 020
r| 0500 | 07 ° 120 . " ¢ 030 .06] 050
0600, 06" . 130 1.9 3.6 7.1 1.9 i 1 040 o .13] 020
0700 07 o 120 . 090 0.13] 280
. 0800 8 115 340 [0.09 000
0%00 8 120| 1.6 3.0 |- 6.7 060 0.10[ 020
1000 b 130 -. 050 0.11 060
- 1100 €7 125 . - g 060 < [0.12/ O
1200 | 3.0 5.8 7.2 | 2.0 |.7.21 070 0.10| 070+
1300 2 : 130, . - .52| sa | .1lf 13Q
1400 2 135 s .38| oso .a7] 120
1500. 3 190 © 1.7 3.3 6.6 1.7 | 6.6 |020| .27| ‘110 .11l 100
1600 s 180 2 .26( 110 .09 140
1700 6 180 4 4 F .13 110 .09 290
1800 5 “170[ 1.5 2.8 | 72 . 030 | .09 130 .06[ . 300
1900 8 170] 2l . |o.09| 130 0.12{ 300
2000 6 170 * 5 010 .0gl 350
2100 15 180 1.5 2.8 6.7 .05( 140 .11 350
22680 | 13 180 - 5 .06/ 100 .05 010
2300 | 17 | - 190 : T 119 100 .og 030
3 5 i "230l 1.8 3.5 5.3 o : .13} - 100 .08 120

Table 5. ~‘Daily\Observations Leg Iceberg G18l: (continued)




v OF VESSEL: PELICAN = "~ .- . DAILY
POSITION, L“‘“‘"‘de' 54954 N [pate: 95ept 1974° OBSERVATION .
Longitude: 55°57 g lTxme Zone: @MT-3 - § . LOG N
WINDS & °_.WAVES - | . CURRENTS
g ‘Time - | Mean |Max. Gust|Mean | Signif.|Max. Mean swell [swell [wave 5m E 50 m
(Local) | Hourly|and Meas. [Wind |Wave - |Height |zero Height [Period|Dir. .
Speed |Duration”|Dir. | Height. |(3 hrs.)|Crossing = Speed|[Dir, [Speed [bix .~
. i Period | | tkts) | (Towaras) |(kts) | (Towards))

0100 | . 23 - {165 ] .30( 080 .29 310
0200 25 175 ’ .34 090 .29 320
0300 23 170°| 2.6 4.9 4.5 .11 070 .26 |- 340
0400 21 175 .26/ - 070 .26 350
9500 23 - 180 8 .29 080 .32| 360
0600 21 | 180 | 2.4 4.6 4.5 v d 180 [ .16/ 070 .16( 340
0700 |- 21 2 190 |- ¢ 2 .26] 070 223|310
0800 | 20 185 .37 090 .23 310 -
0900 24 195 | 2.5 | 4.8 4.5 : .24 140 .20( 320
1000 22 200 . .14f 140 10| 320

P 1100 ~18* 7205 - 06 120 40 280
1200 18 220 2.0 3.8 4.3 & 371 110 52] 300
1300 13 225 - .43 050 .21| 300
1400 15" 4N 250 .51 030 W16| 240
1500 15 355, 1.6 3.0 4.4 1.5 | 4.5]160 .67 030 25| 310
1600 | 14 335 .39 110 .20 330
1700 [« ‘12 330 .39 o010 .20 340
1800 5 <325 1.1 | 2. 4.7 .37 310 .32 330
1900 6 ‘| 340 .46 330 .33 330
2000 6 | 345 - : .45 330 f,.34| 320
2100 5 v 325, xaat| 2.5 4.4 3 2 .54 340 .35 340
2200 2 | 300 . .35 360 .09| 340
2300 12 240 ] .1 120 14| 270

@ 2400 3 180! 1.2 2.3 6.0 1- B 2 5 170 15l 300

a < © . mable 6. .Daily Observations Log Icdberg G183 (Reference 8)

Sev



S
h_NAI’lE OF VESSEL: PELICAN - DAILY
pOSTTION -|-Latitude: 54954 ’N Jnate: 10sept 1974. . P, ION
. -. | Longitude: 55°52" w Time Zone: GMT-3 -~ i 106G
WINDS WAVES CURRENTS
| Tire Mean |Max. Gust|Mean |Signif.[Max.  |Mean Swell - |Swell |Wave s 50m
* | (Local) | Hourly|and Meas. [Wind |-Wave Height |Zero Height |Period|Dir. -
Speed |Duration |Dir. | Height | (3. hrs.)|Crossing & . Speed |Dir.
B . |period el . (Towaxds) | (kts) | (Towards))
5 0100 4 ;.| 180 o 040 “15| 250
200 8 <] 190 L oal ‘ ' 060 .08| 310
.9300 | 10 [ £ 1200| 0.8 1.5 | 6.9 : 060 .14 270
0400 | 14° 220 ) . 3 040 .25| 330
T 205004 15 250 * . 040° .02} 050
: 0600 24 w0 P300f 1.1, 2.2 4:5 0:5 |7 [260 . 040  [*.20] 210
- ~| -0700 | 14 290 ¥ - 130 27| 360
0800 |. 29 T290] - : 100 .27{ 360
0900- |72 290| 1.8 3.5 240’7 < l290- | . 130 .13| 360
iggg 24 : 295 “'. ; oA i 150 .12| 340
100 | 20 - -|-270 F 070 .16| 010
21200 J: 29 270] . 2.0 5.1 3.8 X o _ 130 311 280 |
- 1300 | -14 | 260 y > ' 100 .35/ 350
1400 33 265 5P e 2 070 expecting
. 1500 17 1 270] 2,2 4.2 4.8 100 stotm
1600 | 12 255 o 070 - -
1700 | “1p°, 235 5 050 - -
1800 |23 270[."2.5 |- 4.8 | Bl 7 -|310 070 - -
1900 | 13 240 mogtly 070 -~ -
2000 | 12 » 220 swell 070 - -
2100+ 15 225| 2.6 4.9 414 090 - -
2200 | 19 245 s 080 = =
5 2300 24 250 % k 1| 090 -
2400 | 21 - 260l 2.7 5.1 1 4.2 0 =" L4 120 _= =

* Table 7, Daily Observations Log.Iceberd G183 (continued)

v




MME OF -VESSEL:

PELICAN

* DAILY
B OBSERVATION
ZLongitude: 55°52"W .. [Time Zone: GMT-3hx - L0G
WINDS WAVES CURRENTS

Time . | Mean - [Max. Gust|Mean ssgnsf. Max.  [Mean . [|swell |skell |wave 15m 50 m
(Local) | Hourly [and. Meas. (Wind Height |Zero = |Height [pe¥iod|Di

i ation [Dir. Hniqh(: (3 hrs.) | Crossing| Dir.

: Pericd (kts) | (Towards) | (kts).

0100 | 25, 29.5 [ 250 R .23 120

0200 |- 25 250 . .20/ 160

0300 [ 24 250(73.5 | 6.7 | 4.5 wave[250 | .03[ 120

0400 | 25 250 18| 170

0500 [+ 267 250 ; .12 100

0600 [ 2 . | 280] 2.3 | 5.3 | 5.0 11| 100

0700 | 26, 235 .12 100

0800 | 25 240 s 42 060

0900 26" 240 3.4 6.5 5.6 ¥ .36| 010

1000 | 22 240 B

1100 | 26 240

1200 | 23 245) 3.7 ] 7.0 | 4.9 290

1300, | 21 250

1400.( 19 265 .

1500 | 22 265| 4.0 | 7.5 | 5.1 300 %

1600 [ 19 275, :

1700 13 255 ®

1800, | 18 295| °3.1 | 5.9 | s.0 295

1900 | 27 295

2000 14 ‘265 §

2100 | 14 270 3.1 [ si9 | s.5, 290

2200 (.13 260 . ;

2300 | 12 240 t

2400 10 i 240 2.3 4.4 5.7

= Table 8. ‘Daily Observations Loq Icebarg G183 (continued)

s
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Figure 1. Co-ordinaté System of a
- “'Floating Iceberg.
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ICEBERG LOG: PELIEAN . IDENTIFICATION No. G181
DNIE: TIME| Range Bearing
3Sept 74 .|Nautical| Relative|
Miles True N.
300 16,8 | 320 E TR
1400 16.0 | 320 « :
1500 15.0 320 - RADAR PLOT. ° N iceberg tracks
1600 13.7 |.320 Y = ]
1700, 12:8 - | 321
1800 1.8 [i321
1900 10:8', .| 322.5
2000 9.6 -, | 322.5
2030 8.8 | 323
2100 8.6 [.323.5
2130 ./8:0 { 323.5
2200 7.8 7| 323
2230, 7520324
2300 1. [ 3245
2330 6.8+ |.326.3
2400° 6.6 . [328:5
4Sept.
0100° 6.1 | 334
0200 5.8 | 342
0300 5.5 | 351
0400 5:6 |.357
*0500 5.8 | 004
0600, 6.1 |.013
0700 6.5 | 018:5
{0800 6.5 | 025.5
~0800 6.7 | 033
1000 6.7 | 039
1100 76,8 | 044:5
- 1200 6.9 049.5
1300 7.2° | 056
1400 7.3 .| 061
1500 7.3 |i065
1600 7.6, | 066 .
1700 7.7 | 066 3
1800 .8 - :
.1930 T ggg‘s NOTES S . -
3000 s £ ) max, " wt. 300,000 tons
2100 a2 | ders - prob. wt. 200,000 tons,
2200 8.3 | 069,5 =
2300 8.5 -|.07L.5 e
-2400 8.7 73.7 //

A Figure 6. Iceberg Log of G181’ (Reference 8)
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ICEBERG LOG: PELICAN IDENTIFICATION No. G181

DATE: Bearing
3Scpt 74 |Nautical i

Miles |Trde N
o100 3.8 [ 077
0200 9.6 | 078
;0300 9.6 | 081
0400 ‘9.6 | o083
0500 9.6 | 083
0630: 96 | 084
0700 9.6 'f 084

o 0800 .-9.8" | '084.5
0900 9.8" "| 085

1000 10.0. | 086.5

1100 ‘0.4 | .087.5
1200 10:6°" | 089>
1300 - - |11 | 091
1400 11,3 | 093
-1530 1.8 |094
1630 1.9 | o095
1730 12.3 | 096
1500 12.6 o098
2000 12.9 - 100
.2100 13.0 -|101
2200 1.2 101
2300 13.5  |103
2400 14.0 ° |103
0100 u.7- | 102
0300 153|102

NOTES: .
e




ICEBERG LOG: ~PELICAN

- 53

IDENTIFICATION No. G183

DATE:TIME| Range Rearing &
9Sept 74 | Nautical|Relative,
Miles [True N.
100 7.00 | 316
1200 4.6 316
1300 5.2 34
1400 -
1500 %
1600 19.5"
1700, \5
11800 o
1900, ¥ B
12000° 6.6 | 317
2200 7.1%) '3
2360 5 - -
2400 8.1 |35
1 \
0100 8.2 | 34 \\v‘ v"//'/ﬂ‘
SNz
0200 8.3 314 S\
0300- a5 | a1 BRES S A =aa
0400 8.8 7 7 3
0500 8.9 31
0600 8.6 320
0700 ., 8.6 320 -
0800 8.5 " |:320
0915 8.5 | 390
1000 8.3 317
1100 8.4 318
1200 8.1 31
1300 ~8.0-. | 36
1400 © 8.3 |36
1500 8.l 317.5
1600 L 82 317.5
1700 8.6 319
1800 8.4+ | 3225
1900 " 8.1 | 323.5
2000 ‘8.1 326,
2100 8.1 138
2200 8 329
2300+ 7.7 | 330
0030 7.4 kT
0130 7.1 |33
0310 7.0, 7| 348
0500 - " | 7.2 358
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