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ABSTRACT

Banke, E.G. and S.D. Smith, 1984. Iceberg Drift Modelling Results. Can.
Tech. Rep. Hydrogr. Ocean Sci. 49: vi + 161 p.

A hindcast model simulates the movement of icebergs under the
influence of winds, currents and Coriolis force. Air and water drag
coefficients are optimized to give the best fit to the tracks of
thirty-seven icebergs observed near drilling rigs off the coast of
Labrador. Winds and currents appear to be of comparable importance in
influencing iceberg drift velocity. The effect of towing is investigated
for twelve towed tracks. In only four of the cases did towing appear to
increase the distance from the rig at closest approach, as compared to the
free drift without towing. The time required for even the largest icebergs
to approach an equilibrium drift velocity after a step change in winds and
currents is demonstrated to be only a few hours, and smaller icebergs
closely approach equilibrium drift in less than an hour. The hindcast
drift model is also used to estimate the bottom drag forces required to
stop an iceberg in the observed scour distance identified by sidescan
sonar.

Banke, E.G. and S.D. SMith, 1984. Iceberg Drift Modelling Results. Can.
Tech. Rep. Hydrogr. Ocean Sci. 49: vi + 161 p.

Un modele de prevision a posteriori permet de simuler Ie
deplacement des icebergs sous l'influence des vents, des courants et de la
force de Coriolis. On a optimise les coefficients de resistance dans l'air
et lleau pour obtenir Ie meilleur ajustement graphique quant aux trajets de
trente-sept iceberrgs observes pres de plates-formes de forage situees au
large des c~te du Labrador. It est apparu que les vents et les courants
avaient une incidence d1egale importance sur la vitesse de derive des
icebergs. On etudie lleffet du remorguage sur douze trajets de
remorquage. Dans quatre instances seulement, il est apparu que la distance
minimale entre la plate-forme de forage et l'iceberg augmentait pendant Ie
remorquage, par rapport ~ la derive libre sans remorquage. II a ete
demontre que, m~me dans Ie cas des plus gros icebergs, la vitesse de derive
se rapprochait d'un equilibre en quelques heures seulement apres une
brusque variation des vents et des courants, et dans Ie cas de petits
icebergs, se rapprochait etroitement de cet equilibre en moins d1une
heure. On utilise ausi Ie modele de derive avec prevision a posteriori
pour calculer les forces de frottement au fond, necessaires kpour arr~ter

un iceberg sur Ia distance d'affouillement observee, telle qu1enregistree
par Ie sonar ~ balayage lateral.
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INTRODUCTION

Exploration activity in iceberg-infested waters off the east

coast of Canada has brought new urgency to the problems of

tracking and predicting iceberg movement. There is a need to

predict these motions in the vicinity of drillships, over

distances of a few tens of kilometers and time intervals of a few

hours to two days. Development of dynamic iceberg drift models is

a step toward a forecasting capability. In the present report we

present the results of modelling of thirty-eight iceberg drift

tracks in a hindcast sense using a dynamic iceberg drift model

developed at the Bedford Institute of Oceanography (Smith and

Banke, 1981, 1983). The modelling was conducted primarily to

reach conclusions on a number of questions relevant to forecasting

of iceberg drift:

a) suitability of operational data for hindcast modelling of

iceberg drift tracks.

b) quantity of data required to estimate drag coefficients from

drift tracks.

c) effect of rotating wind drag direction relative to wind

direction.

d) variability of drag coefficients of icebergs, as estimated by

hindcast modelling.

e) relative influence of winds and currents in causing iceberg

drift.

f) effectiveness of actual towing of icebergs, as opposed to

modelled tracks with tow force deleted.

g) estimates of bottom-scouring forces during an observed

grounding event.

In order to reach these conclusions, the report also documents:

i) selection process to decide which tracks to model.

ii) sources of data.

iii) programs used.

iv) drift, wind and current data for selected icebergs.
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Throughout this report our attitude will be that we wish to

explore the potential feasibility of modelling iceberg drift. The

data which we are using have the advantages that they represent a

wide selection of icebergs and that they have been taken in areas

of potential offshore development. However, these data were not

intended for drift modelling and were not subjected to the quality

control which we might have desired. This study, using publicly

available data, is being followed by a phase in which we shall

obtain higher quality data at a limited selection of sites for a

small number of icebergs. In view of the unknown quality of the

data we will be encouraged by successful examples but not

discouraged if we are sometimes unable to simulate an observed

drift track.
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A. ICEBERG DRIFT MODEL DESCRIPTION

Our model uses routine hourly observations of winds,

currents, and iceberg position taken at drilling rigs. An

iceberg is assumed to drift under the influence of wind and
- -'" ....:>.water drag, Fa and Fw' with an acceleration, a c '

accounting for the combined effects of the earth's rotation

and the pressure gradient force due to sea surface slope,

( 1 )

M is the mass and a the acceleration of the iceberg. An-optional towing force Ft can be included. The terms in eqn.

1 are simplified to allow them to be computed from available

data while still adhering to physical principles. Appendix 6

lists the computer programme ICE 3.

Wind Drag

The wind drag is assumed to be a quadratic function of
....:.. ....:.. ~ ... -.::..

relative wind velocity, u = U - V where U and V are the wind

and iceberg velocities. Both surface drag and form drag are

included,

( 2 )

where Aa is the sail area in a vertical plane and As is

the surface or plan area. Typical values of the form drag

coefficient Ca for irregularly shaped objects at high

Reynolds numbers are of the order of 1, e.g. Hoerner, 1965 and

the surface drag coefficient Cs is set to 0.002 (Banke et

al., 1976). The form drag is far more important for the

chunky-shaped icebergs found off the Labrador coast but for

large, flat ice floes or tabular icebergs, with the surface

area exceeding about 250 times the sail area, the surface drag

would be the larger term.
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In the applications to follow we will adjust the form

drag coefficient Ca to control the strength of the wind

forcing. The final value of Ca selected can compensate for

errors in estimating the sail area and also for variations in

wind speed with height from the waterline to the peak of the

iceberg, as opposed to the wind speeds at the height of

measurement. There is no allowance made at present for

directional changes in the wind with height, nor for

sail-shaped icebergs which might produce a component of "lift"

so that the direction of wind force can differ from the wind

direction.

Water Drag

The water drag force is modelled in the same way as the

wind drag. The water velocity is assumed to be averaged over

the draft of the iceberg. Large variations in current with

depth are often found in coastal waters, but in the examples

to follow the current at only one depth is used. We use the

water velocity relative to the ice velocity w=W - V in

a quadratic drag law

(3 )

where Cw is a form drag coefficient and Cx is a surface

drag coefficient for the under side of the ice. As in the

case of air drag, form drag is dominant for icebergs off

Labrador. The keel area Aw is assumed to be four times the

sail area (eg. Ice Engineering, 1983) unless the draft of

iceberg is known.

In calculating water drag, we vary the drag coefficient

Cw to allow the modelled drift track to best fit the

observed track, while Cx is set to 0.002. variation of Cw
can account for errors in estimating keel area, and for

variation of current speed with depth. We have not attempted
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to alter the direction of the water drag to allow for possible

directional effects of iceberg keel shape, nor for variation

of current with depth.

The influence of surface wave forces on an iceberg is not

explicitly included in this model. If the waves are in the

same direction as the wind, adjustment of the wind drag term

can in effect include the wave forces.

Coriolis acceleration and surface slope

TheCoriolis acce,leratiQn of a fre,e,ly dri,fting object in a

rotating coordina.tesystem is

where ~ is a unit vector directed vertically upward,

n= 7.27 x 10-5 rn s-l is the earth's rotation, and (j

is the latitude.

The combined influence of the Coriolis acceleration and

the pressure gradient acceleration due to sea level gradients

which are in geostrophic balance with the local currents is

~ ~....-:lIlt.

a c = -f x V + f x W
-'" - ~a c = f x w

..... 1\
where the Coriolis parameter is f = 2nk sin ¢, since
~ -:a. -Jill, ~

W = W - V. If an iceberg is drifting with the water (w = 0),

its tendency to accelerate down the surface slope balances out
~

its Coriolis acc~leration so that a c = O.

No adjustments are made to the estimated mass in

optimizing the fit of the modelled iceberg track to the

observed track. An increase in mass would have the same
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effect on the acceleration and on the computed drift track as

a reduction in both air and water drag by the same ratio.

Errors in estimating the mass of the iceberg, and those due to

neglecting the "added mass" of the water in the wake which

moves with a fraction of the velocity of the iceberg itself,

are compensated by adjusting both air and water drag

coefficients. If the mass has been underestimated, for

example, low values of air and water drag coefficients are

automatically selected to give the correct accelerations.

Towing force

To simulate the effect of towing an iceberg, an

additional force can be included. For this to be realistic we

must have made realistic estimates of the other forces and the

mass. Choices of the air and water drag coefficients which

are not physically realistic may result in incorrect

simulations of towing velocity even if they successfully model

free drift of an iceberg.

Computation

The initial data include wind, current, iceberg velocity,

position (range and bearing), latitude and number of hours to

be tracked. The origin is the drillship location, and the

modelled position at time zero is the initial radar fix. A

force balance is used to compute acceleration (eqn. 1), and

update velocity and position.

~ ~ -""I\.
v=v+aut
.......... -x = x + vAt

The time step should be chosen so that fractional changes in

velocity are small, ~ t « Mv IF for computational accuracy. A
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time interval t = 6s was chosen initially, but for most of

the icebergs studied a 30s time step was found to be adequate

and in some cases we have been able to lengthen t to as much

as 120 s to improve computational efficiency without

significantly changing the results. The position is plotted

at la-minute intervals. One or more modelled tracks are

plotted, each with an identifying symbol every hour and a

heavier symbol every 12th hour.

Between hourly observations the wind and current are

interpolated linearly in time. Computed and observed

positions are compared hourly, and the root mean square value

of the distance between these is called the rms error. The

observed track is plotted with square symbols at each

observation joined by straight lines, and the squares are

filled in at every 12th hour.

Selection of Ca and Cw

Program ICE 3 (Appendix 6) is the basic drift model, with

user-selected drag coefficients. Two versions of a program to

select the best values of Ca and Cw have been developed. One

version, ICE 4 computes drift tracks for all possible

combinations of Ca and Cw, in steps of 0.1, between selected

limits. The rms errors between modelled and observed

positions are computed for each pair of Ca and Cw values, and

are printed on a grid in Ca, Cw space. The track with minimum

rms error is selected for plotting, along with a plot of the

observed track. While it is instructive in some cases to

study the sensitivity of modelling error to variation of the

coefficients, this procedure consumes more computer time than

is necessary. A second version of the program, ICE 5 (Martec,

1982), is designed to converge more rapidly on the best pair

of coefficients, again within specified limits. In this
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version the drift track computation has been made into a

subroutine, which is called with values of Ca and Cw specified

by the main program. The program starts with user-specified

values of Ca and Cw (eg. 0.5, 06) and calls the subroutine

four times with the specified values, with each value

incremented upward by 0.1 separately and together, so as to

define a square in Ca, Cw space (eg. Ca = 0.5, 0.6; Cw = 0.6,

0.7). The point with minimum rms error is selected

(eg. Ca = 0.6, Cw = 0.7) and three additional points are

selected to define another square (eg. Ca = 0.6, 0.7; Cw =
0.7, 0.8) diagonally adjoining the first square. If a new

minimum rms error has been found, a new diagonally adjoining

square is defined. If no new minimum error is found,tracks

for the two remaining neighbouring points (eg. Ca = 0.7, Cw =
0.6; Ca = 0.5, Cw = 0.8), and if no new minimum is found then

the process is complete. If a new minimum is found the

process continues until a pair of Ca, Cw is found with all

surrounding values (differing by + 0.1) giving larger rms

error, or until selected upper or lower limits in Ca, Cw space

have been reached. A grid is printed showing rms error in Ca,

Cw space as in ICE 4, but only values which have been selected

during the above process are filled in, and again the best

track is plotted along with the observed track. While ICE 4

typically runs about 120 tracks to cover an area in Ca, Cw

space, ICE 5 typically converges on a minimum with 10 to 20

trials.
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B. ICEBERG DRIFT MODELLING PROJECTS

Banke and Smith (1974), from experiments in the towing of

growlers in 1971, estimated water drag coefficients in the

order of 1. Smith (1981) developed a dynamic iceberg drift

model in the early 1970's but at the time no suitable iceberg

drift data were available and the model was not tested until

1980. In the meantime observers on drilling rigs operating

off the coast of Labrador monitored iceberg drift tracks in

the vicinity and measured winds and currents at the rigs. In

1980, the model was implemented on the B.I.O. Cyber 171

computer as Program ICE 3. Seven tracks investigated in 1980

(Smith and Banke, 1983) constitute group I of the present

report. In 1981 Martec Ltd. (1982) modelled a further six

drift tracks which constitute group II of the present report.

The search for suitable iceberg drift data was undertaken

manually.

In 1982 a contract was awarded to Martec Ltd. to model

additional iceberg drift tracks. To assist in the selection

of tracks suitable for modelling, a computer-assisted search

was undertaken by accessing a data set of 1,344 iceberg tracks

compiled on magnetic tape by Sea Ice Forecast Central in

Ottawa from industry reports for the period 1973 to 1979

(Table 1). As a result of the search, an additional 34

potentially suitable iceberg drift tracks were identified. Of

these, 21 icebergs were modelled successfully including one

iceberg (K007) which was already modelled in group I. A

further 5 drift tracks were selected manually and successfully

modelled. These 25 drift tracks constitute group III of the

present report. The criteria and selection procedure will be

described in Section D.
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Time Code Code Pressure (M.B) Code I Wet °c Dry C 8ths Typct Lowest

~;~:~-f;;~~-I---?~\---!;9~~::-1~.. i'~\l~r;~~J .4-;t
..............1. •.. ····0··· .. ·· .. TD·;~~·t} ·.. ·Z· .. 41~'[ 5:·5··,··~ .. ~(:~·g·· .. ·i···· ..i,···· ..

;;:~~j~f;~C>rHn6i .n .. nl~~b"3l~1 1+;5 f'-r t;:,c.:.· ,4 n~:z}
FIGURE 3 TYPICAL RAW WIND AND CURRENT DATA
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C. DATA DESCRIPTION

Observations of iceberg drift 50 to 110 km off the coast

of Labrador (Fig. 1) have been made available (see

Acknowledgements). The iceberg positions were observed hourly

by radar, to a resolution of 0.1 nautical mile (0.2 km) in

distance and one degree in direction. At a range of 10 km the

resolution in position is about 0.3 km, and apart from all

other uncertainties this is a limit on the possible modelling

accuracy.

Winds and currents were measured hourly at drill rigs

which were at distances of 3 to 40 km from the icebergs.

Winds at offshore sites are generally believed to be uniform

over this distance, and if properly measured should be quite

satisfactory for modelling purposes. We do not have

information on the rigs' heading relative to the wind. If a

rig does not head into the wind, substantial errors in the

wind vector (up to 50% in extreme cases, depending on

anemometer location) may be caused by air flow distortion. We

do not adjust for variations of wind speed with height, but

these are compensated by our optimization of the air drag

coefficient.

The currents were measured at a fixed depth of 50 m,

unless otherwise noted, and read at hourly intervals. The

possible variations of current between the rig and the iceberg

location are of considerable concern. The distance over which

currents remain constant is dependent on the site.

Garrett (1984) has reported velocity coherence lengths of

the order of 10 km using simultaneous hourly observations of

iceberg drift off Labrador; this suggests that our use of
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current data is best limited to cases in which an iceberg is

not much farther than 10 km from the rig.

The raw data were recorded on the rigs as follows:

1. Iceberg drift log. Range and bearing from the rig are

usually recorded hourly (Fig. 2). A sketch of the iceberg

and a plot of the track are usually included.

2. Hourly wind and current data measured at the rig

(Fig. 3)7

3. Icebe.rg tow log if towing occurred (Fig. 4). Usually

hourly towing loads and headings are shown and

occasionally a sketch of the iceberg is included.

The data are available at several government laboratories,

including the Ice Forecast Central, Atmospheric Environment

Service, Ottawa, and the C.O.G.L.A. (Canadian Oil and Gas

Lands Administration) Office, Energy Hines & Resources at

B.I.O. (Bedford Institute of Oceanography) Dartmouth, N.S.

The tape compiled by the Ice Forecast Central contains iceberg

drift data for 1344 icebergs during the period 1973-1979 for

the well-sites shown in Table 1. The format is as shown in

Fig. 5. Wind and current data, (as per Fig. 3) were not

included on the tape and manual searching of the C.O.G.L.A.

files was required to obtain these data.

Raw data for the 37 icebergs were extracted from the

archives by the procedure outlined in Appendix 7.
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D. DATA SELECTION

Iceberg tracks potentially suitable for modelling were

selected on the basis of meeting four criteria:

1. Information on iceberg size or mass is included;

2. Mass is greater than 100,000 tonnes (smaller icebergs

would be more strongly influenced by upper-layer

currents, which were not known);

3. A minimum of eight hours of drift data is availablei

4. Closest range is 3 nautical miles or less.

The selection procedure consisted of:

1. Computer assisted search of AES data tape to identify

icebergs meeting criteria 1-4 (Fig. 6).

2. Manual checking of drift track logs and for availability

of complete wind and current data

3. Visual inspection to identify and eliminate those cases

for which wind and current vectors were incompatible with

the iceberg drift vector.

a) Results of Data Selection

A list of the 1344 iceberg drift tracks, including range

and bearing information, obtained from Atmospheric Environment

Service, is kept in a binder in the Ocean Circulation data

room at B.I.O.

Drillsite header cards and 544 selected iceberg

identification cards (criteria: minimum 8 hours of data and
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HEADER CARD:

,-----Dr11l unit code

~
Operator nurrber

I
card Type . . V J! / r: DMay~~.rh Spud date

j Well name i j Latitude 1 i Longitude

1 INON IlAROOR M-52RE 54 21 51.34 54 23 51.81 E 3 76 09 OS 76 11 06 197.8

[
vearJ 1/ \

End of dr11ling M~~h:.J Water depth (m)

ICEBERG 1.0. CARD:

&
~~th] ;~~~ting

r card Type Hour
Mas~s)

2 ;:~:I:~~ \§08'lS2055 0816 0900 N~019~04~2'100000 T~[T' towing

n<lJue Ilour] FirstN'no tow
Day sighting
Month

Water line length (m)
Sail height above water (m)

Type of iceberg

ICEBERG DATA CARD:

1st position reading 2nd position readin9 3rd position reading

Beari ng (Or)

349,

4th position reading

Beari ng (0T) Time

346, 10000 I

Range (nm)
r---I

7.2

Beari ng (OT) Time
,...--, r---1

345. 2300
I

Range (1llI)....,
6.9

Time
,....--,

2200

Bearl ng (OT)
,....--,

345.

j
card type

Time Range (1llI)
r---'1 r--'1

o 2055 6.9 1

FIGURE 5

FORMAT FOR AES ICEBERG DRIFT DATA TAPE
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mass or size information available) are also kept in a binder

in the Ocean Circulation data room at B.1.0. The remaining

iceberg tracks are unsuitable for modelling because they

contain either too few observations or no record of iceberg

size.

The 63 icebergs listed in Appendix 1 were selected from

the 544 Tracks as potentially suitable for modelling studies

by the following criteria:

Mass: >100, 000 tonnes

Closest Range: Within 3 nautical miles of rig.

For icebergs with dimensions of length L, width W, and

height H, which contained no estimates of mass, the mass was

computed by assuming that the part above the water had a cone

shape with an elliptical base with major and minor axes Land

W. The volume of such a cone is

v = 'Tl'LWH/12

and the total mass in tonnes was taken to be

assuming that the density of sea water is 1.03 tonnes/m3 and

the density of ice is 0.92 tonnes/m3 . The mass estimate is

very sensitive to the assumed density of ice. Icebergs

contain a certain amount of air entrained in the ice. Allowing

for 5% of entrained air would reduce the density of ice to

0.87 and this would reduce the estimated mass by 33%.

Those icebergs for which wind or current data (usually the

latter) are missing are identified by an M at the end of the
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13~4 TRACKS ON ORIGINAL A.E.S.
ICEBERG DRIFT TAPE

110 )0 IREJECT apo I

YES (544 TRACKS)

>---- NO----4~...1REJECT 4821

>----1I0~REJECT 21

(62 TRACKS PLUS ICEBERG RK 018 VHICH
~AS MISSED IN THE SEARCH BUT MEETS THE

YES ~PECIFIED CRITERIA AND IS THEREFORE
INCLUDED) TOTAL R 63

COMPUTER
ASSI snD
SEARCH

---'---

I

NO ~ I REJECT 12 1

--1--- YES

NO (21)

MODELLING

YES
Y

ONE: K007. LISTED IN NO

lTABLE 1 OR SEE SMITH
AND BANKE. 19a3

YES lONE: BJ ljIj I

KANUA~ SEARCH fOR
~IND AND CURRENT
DATA AT C.O.C.L.A~

A.C.C. FILES AT
S.I.O., AND VISUAL
DATA CHECK

FIGURE 6
SCHEMATIC OF COMPUTER-ASSISTED SEARCH

OF AES ICEBERG TAPE
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line in Appendix 1. Those considered acceptable for modelling

studies are marked by an A and listed in Table 2, while those

rejected because the observed winds and currents clearly would

not explain the observed drift are identified with an R.

Tracks previously modelled are identified with a P. In

addition to the 20 icebergs, a further 5 icebergs selected

without computer assistance are also listed in Table 2. One

of these (B55) met our criteria but the relevant data were not

on tape: two others (RB04 and GI4l) were tracked in 1980 and

so were not on the tape: and the remaining two (CA 104 and

HE04) did not pass within 5 km of the drillship.

b) Typical Results of Hindcast Hodelling

The drift track of iceberg RB 22 (Fig. 7) was selected as

an example of our hindcast modelling, because a relatively

long period (37 hours) was modelled and because towing was

included. RB 22 was a medium-sized iceberg, with a mass of

1.1 million tonnes. The water line length was 220 m and the

width was 161 m at the water line while the sail height was

reported as 31 m. The above water cross-sectional area was

3800 m2 and the cross-sectional area below water was taken

as four times the above water-area (15,200 m2 ).

The best fit to the actual drift track including the 12

hours of towing is obtained with a high air drag coefficient

(Ca = 1.7) and a high water drag coefficient (CW = 2.1). The

current (Fig. 8) contributed approximately 28 km to the drift

while wind-induced drift amounted to approximately 10 km (Fig.

9) •

The tow load applied was reported as 90 tonnes towards

180°. A modelled towing force of 40 tonnes towards 147° (180°

magnetic) allowed the model to reproduce the observed track,



- 22 -

ICEBERG RB22 CA=1.70 CW=2.10

o
N

o+--+---------+--F-~_ri..,.i,_--------------

U'>
I

7.+-1-----r-,---+-------,--,--,---,---"------;,
-10 -5 5 10 15 2C

EAST KM

LEGEND:

[}---{] ACTUAL TRACK

0----0 MODELLED TRACK

L:J. A CURRENT DRIFT

+- + WIND DRIFT & TOWING

FIGURE 7

DRIFT TRACK OF ICEBERG RB22
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while ninety tonnes would have displaced RB 22 far to the

south of the observed track. The 40 tonne towing diverted RB

22 by about 5 km SSE in total. The direction of drift was

altered only about 30° by towing because the tow direction

partly opposed the currents and the wind during hours 7 to 12.

Fig. 9 shows the free drift with towing forces removed. Fig.

9 indicates that the drillship would have had to move if the

iceberg had not been towed; the closest approach to the rig

was 5 km instead of 0.2 km. Even better results might have

been achieved with a tow directed towards 110°; the total

drift speed during towing would have been increased and after

the point of release at hour 12 the entire track would have

been further east, increasing the range of closest approach at

hours 17 to 19.

There were light winds to the south during the first seven

hours changing to winds towards the north and becoming brisk

after the 12th hour (Fig. 8). The wind drift contributed

substantially to the change in direction after hour 12 which

might have been assumed to be due mainly to the release of the

towing force. The currents were towards the NE with a speed

of 25 cm/s and these too contributed to the above noted change

of direction. The combination of towing towards the south and

the NE currents resulted in the berg being located 5 km SSE of

the rig at hour 12. After release, RB 22 drifted NE under the

influence of winds from the south and currents towards the

northeast.

The modelled track (Fig. 7) fits the actual drift track,

including the towed portion, with an rms error of 1.94 km in

the hourly positions. Visual inspection indicates a close fit

beyond hour 15 but during the first 15 hours the modelled

track lies up to 2 km south of the actual drift track. Even

our reduced estimate of the towing force (40 tonnes)
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overestimates the drift toward the south during the first 12

hours. The wind and water drag coefficients used for the best

fit, 1.7 and 2.1, are almost twice as large as we would expect

(1.0) for irregularly shaped objects, and so if the towing

force has been accurately reported our estimates of

cross-sectional area above and below the water line may be far

too low. If the currents at the iceberg (Fig. 8) were 10 to

20% stronger but in the same direction then the modelled track

would extend farther toward the NE, the rms fit could have

been much better, and it might not have been necessary to

adjust the towing direction. The uncertainties due to

variation of currents with depth and position are at least

this large.

The drift track of iceberg G 201 is an example of one

which could not be reproduced using the winds and currents

collected at the drill rig. In this case the reported winds

and currents are generally towards north to north-east, and

the drift is generally towards the south to south-east (Fig.

10). The dashed lines indicate hourly current vectors and the

solid lines indicate hourly wind vectors. Clearly the drift

opposed the given winds and currents.
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ICEBERG RB22 CA=1.70 CW=2.10

------,-,----1----,,----,,------,-,-----"
-5 0 5 to t5 20

EAST KM

LEGEND:

(}----{] ACTUAL TRACK

0----0 MODELLED TRACK

t:s. L::. CURRENT DRIFT

+- + WIND DRIFT

FIGURE 9

DRIFT TRACK OF ICEBERG RS 22 WITH TOWING FORCE REMOVED
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E. CONCLUSIONS

a) Suitability of Operational Data for Hindcast Modelling of

Iceberg Drift Tracks.

The raw data for 38 iceberg drift tracks are stored in the

Ocean Circulation data room at the Bedford Institute. Of the

drift tracks in Appendix 1 which met the criteria specified in

section D, wind and current data were on file for only 34 of

the 63 tracks. Visual inspection of wind and current vectors

and the actual iceberg drift vectors revealed that for 13 of

the 34 icebergs wind and current vector combinations were too

far removed from the actual iceberg drift vector for our

modelling to effectively duplicate the actual drift track.

The A.E.S. data tape listed a total of 1344 icebergs

observed drifting in the vicinity of drill rigs off the coast

of Labrador from 1973 to 1979. Based on our criteria, only 21

of 1344 icebergs or 1.6% were modelled successfully. These

tracks include K007 which was modelled in group I (Table 3)

and the first 20 icebergs in Group 3. The other 17 icebergs

in Tables 2, 3, and 4 were modelled successfully as well

although their drift tracks did not meet all the criteria.

All had wind and current data but many did not come within the

three nautical miles specified in the computer-assisted

search.

Experience with modelling the icebergs in groups I and 2

assisted in establishing the criteria used in selecting the

first 20 icebergs in Group 3. The other 5 icebergs in group 3

were selected because of interesting drift tracks, and visual

comparison of wind and current vectors indicated compatibility

with the iceberg drift vectors. Two of these icebergs were
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Figure 10. Drift Track of Iceberg G201 with Hourly Wind and
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Figure 11. Dependence of Optimum Ca and Cw on Portion of Drift

Track for Iceberg K007.
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observed in 1980 which leaves a total of 37 - 2 = 35 icebergs

during the period 1973 - 1979. For these icebergs 36 drift

track segments were modelled successfully for the period of

1973 to 1979. This represents 4% of the 1344 icebergs listed

on the AES iceberg tape. Assuming that the 13 iceberg drift

tracks which were eliminated by visual inspection could not

have been modelled successfully, the modelling success rate

for icebergs which meet our criteria is 21/34 or 62%.

We conclude that the vast majority of iceberg drift data

collected at drill rigs during drilling operations are not

suitable for our iceberg drift model. However for those

"icebergs with complete data sets and which meet our criteria,

modelling is successful in a majority of cases.

b) Quantity of Data Required to Estimate Drag Coefficients

from Drift Track.

We computed optimum values of Ca and Cw for various

portions of the data set for iceberg K007 to see whether

optimum Ca and Cw were constant for a particular iceberg or

whether they were dominated by noise.

In Fig. 11 and Table 5, optimum Ca and Cw values are given

for various periods during the track of iceberg K007. K007

was aground during hours 9 to 28 and high Cw values, 2.3 and

1.9 are associated with the period before grounding (hours 0

to 7 and 0 to 8). After K007 started moving again Cw is 1.5

for hours 28 to 35, but for later periods the Cw values lie

between 0.4 and 0.6. It appears possible that a change in

underwater shape during the grounding may have influenced the

values of Cwo The iceberg was close enough to the drillship

for currents to be similar at both locations. Ca values do



TAbLE 2

ICEBERG DIMENSIONS & MASS OF 38 SUCCESSFULLY MODELLED DRIFT TRACKS

)
,/

Ubserved water L1ne
Hours Minimum Sail Calculated Location Date of
Model- Ranye Lenyth W1dth Heiyht Area Keel Area Mass Observa-

Iceberg led (km (m (m) (m (m ) (m ) (Tonnes) N -----w- tion

K007 54 1. 85 230 - 85 17,000 37,000 25,000,000 58°52' 61°47' 15/10/76
F018 22 7.78 68 - 26 1,020 4,080 175,000 53°56' 54°43' 07/07/75
F025 24 13.90 153 106 40 5,660 22,644 3,000,000 53°56' 54°43' 18/07/75
K016a 9 20.37 175 - 54 9;450 37,800 6,000,000 58°52' 61°47' 22/08/75
K016b 36 18.15 175 - 54 9,450 37,800 6,000,000 58°52' 61°47' 23/08/75
K024 18 8.70 70 - 15 600 2,400 50,000 58°52' 61°47' 07/09/75
S012 23 23.15 250 - 75 18,750 50,000 7,000,000 57°20' 59°58' 06/09/76
K026 18 4.30 53 - 23 600 2,400 170,000 58°52' 61°47' 14/09/75
N039 11 5.74 57 96 48 5,000 20,000 2,000,000 55°30' 57°42' 03/09/73
CA009 11 2.22 10 - 4.5 45 180 2,000 59 ° 50 ' 61°45' 01/08/76
CA035 7 7.13 22 - 7 154 616 3,000 59°50' 61°45' 08/08/76
CA036 8 5.46 26.6 - 8.9 237 947 20,000 59°50' 61°45' 08/08/76
CA062 9 0.80 18 - 3 54 216 2,000 59°50' 61°45' 13/08/76
B55 13 5.00 175 - 20 2,625 17,000 9,000,000 55°30' 57°30' 26/09/73
BV34 48 5.19 195 25 40 5,400 21,600 5,000,000 49°08' 51°14' 30/06/74
BV47 '13 2.11 65 55 15 780 3,120 134,000 49°08' 51 ° 14 ' 03/07/74
CAI04 17 24.63 335 - 68 23,000 92,000 20,000,000 59°50' 61°45' 21/08/76
GI7 44 4.82 224 181 70 14,000 56,000 5,000,000 58°52' 62°08' 29/08/79
GI41 40 2.37 1,500 6,000 200,000 58°52' 62°08' 20/08/80
G43 33 1. 15 610 58 160 6,000 24,000 2,500,000 54 ° 54 ' 55°52' 26/07/74
HE04 30 26.11 80 30 - 1,968 11,070 210,000 55°32' 57°45' 27/08/76
NB12 33 3.89 190 - 42 7,200 28,800 6,500,000 55°31' 57 0 42' 30/07/79
NB19 15 1. 52 133 - 24 4,000 16,000 2,200,000 55°31' 57°42' 03/07/79
NB38 18 7.41 218 - 51 8,000 32,000 10,000,000 55°31' 57°42' 21/08/79
NB68 24 2.96 67 - 35 1,340 5,360 500,000 55°31' 57°42' 24/08/79
RB04 26 1. 96 94 26 4 240 960 25,000 54°52' 55°45' 07/07/80
RB22 37 4.63 220 61 31 3,800 15,200 1,100,000 54°52' 55°45' 11/07/79
RB30 27 3.98 90 - 30 1,800 7,260 370,000 54°52' 55°45' 12/07/79
RB126 18 4.17 100 - 10 800 3,200 400,000 54°52' 55°45' 17/08/79
F022 30 5.37 89 - 26(20) 1,780 7,120 400,000 53°56' 54°43' 10/07/75
K013 16 2.19 120 120 15 1,800 7,600 800,000 58 ° 52 ' 61°47' 21/08/75
LRI 28 3.33 126 105 38(20~ 2,520 10,080 2,000,000 54 ° 17 ' 56°05' 28/07/73
L6X 46 5.46 143 132 64(40 5,720 22,880 1,814,353 54 ° 17 ' 55°06' 07/08/73
RK018 15 2.59 240/331 171/220 55(77) 12,000 48,000 12,000,000 58 ° 52 ' 61°47' 01/10/76SK024 50 5.80 84 - 17 1,200 4,800 300,000 58°26' 61°46' 07/08/78
8K042 46 6.83 155 147 17 2,250 9,000 500,000 58°26' 61°46' 09/10/788K045 39 4.07 67 - 14 900 3,600 150,000 58°26' 61°46' 13/08/78
8N09 13 ,- ,

2.59 80 I~ L33(20)1 1, 6001 I 300, 0001 57 ° 20 'l 59 0 57 'I 04/08/ 7 51- 6,400

w
::::>
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not vary appreciably with record length, remaining at 0.7 +

0.2 for the entire track.

c) Effect of Rotating Wind Drag Direction Relative to Wind

Direction

In order to improve the fit of modelled drift tracks to

the actual drift tracks, we have experimented with rotating

wind drag direction relative to the wind direction reported by

the rig. Wind or current forces may deviate from the

direction of winds or currents relative to icebergs which have

sailor keel-shaped structures. Subsequently, more detailed

current measurements in the vicinity of icebergs off the coast

of Labrador (Smith, 1983) have shown that there are often

variations of current direction with depth which cast doubt on

the representativeness of currents measured at only one

depth.

The modelled track of GI 7 was toward NNW while the

observed track was toward the north (Fig. 12), and the rms

error was 12.25 km. Air and water drag coefficients at the

lower limit of 0.1 were chosen by the optimizing process,

allowing the Coriolis force to exert its maximum clockwise

deflection in an attempt to match the observed drift

direction. Our original intention in allowing variation of Ca

and Cw was to allow adjustment of the relative amount of wind

drift. In this case the directions of the winds and currents

are not compatible with reproducing the observed drift,

although the length and shape of the observed drift track are

essentially correct. We therefore experimented with

systematically altering the reported wind and current

directions, optimizing the air and water drag coefficients as

before in each case. Clearly clockwise rotations were

required and we have explored a range of clockwise rotations
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TABLE 3

ICEBERG MODELLING RESULTS

RMS. Rotation Rotation RMS.
Best Fit Error In Angle of Angle of Drift

position Currents ~'1inds Error
Iceberg Ca Cw (km) ( 0 ) ( 0 ) (km)

K007 0.6 0.8 1. 24 37 a 0.39
F018 0.1 2.4 0.78 37 a 0.44
F025 0.4 0.8 0.97 37 a 0.67
K016a 0.1 0.1 0.99 37 a 0.71
K016b 1.0 1.0 15.13 37 a 1. 39
K024 0.6 0.6 10.63 37 a 1. 47
S012 1.0 0.3 1. 26 -143 -23 1. 01

K026 0.6 0.6 1. 08 a 180 0.60
N039 0.5 0.6 0.41 37 15 0.37
CA009 0.6 0.6 0.80 a a 0.38
CA035 0.9 0.4 1. 23 a a 0.76
CA03,6 0.5 0.2 1. 05 a a 0.70
CA062 0.9 2.4 0.80 15 a 0.49

B55 1.0 0.2 1.44 35 a 0.68
BV34 0.7 0.5 3.86 27 180 0.09
BV47 0.1 0.4 0.27 a a 0.68
CA104 0.1 1.3 1. 24 54 -17 0.03
GI7 0.1 0.1 12.25 a a 0.21
GI41 2.0 0.6 4.80 38 -38 0.73
G43 1.7 0.1 7.00 32 a 0.38
HE04 0.7 0.5 1. 55 -22 22 0.59
NB12 0.2 0.4 3.19 34 a 0.59
NB19 0.8 2.4 1.10 -15 15 0.38
NB38 2.0 0.5 0.78 a a 0.37
NB68 0.6 0.3 2.02 35 a 0.17
RB04 0.2 0.1 5.65 a 33 0.21
RB22 1.7 2.1 1. 94 -5 a 0.05
RB30 0.2 0.1 5.60 a a 0.15
RB126 2.0 1.6 0.95 37 - . a 0.05
F022 0.5 1.7 0.97 a a 0.33
K013 0.6 0.7 1. 20 -15 15 0.60
LRl 0.2 1.3 1. 50 a a 0.72
L6X 0.6 1.0 1. 80 60 -60 0.68
RK018 1.0 1.1 1. 24 a a 0.43
SK024 0.3 0.2 2.26 a a 0.72
SK042 2.0 1.2 4.10 20 -15 0.67
SK045 0.2 0.6 2.44 a a 0.55
SN09 0.3 0.2 2.54 -32 a 0.69
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from 10 to 25° in 5° increments using 32 hours of the track,

starting at hour 12 (Fig. 13). This in effect has extended

the fitting procedure to four free parameters, with a best rms

fit of 1.75 km (Fig. 14) obtained by rotating both winds and

currents 20° clockwise and using optimized air and water drag

coefficients of 0.4 and 0.1, respectively. This has resulted

in the wind drift being considerably increased relative to the

current drift, and the low value of the water drag coefficient

is probably not physically realistic.

For a number of other drift tracks, systematically

altering the reported wind and current directions resulted in

improved fits. For example, the 22° rotation of winds and

currents for iceberg HE 04 which shows a minimum rms error of

1.55 km in Table 3 was derived through a series of rotations

of 0, 15, 18, 20, 22, 25, 30 degrees. In this case we have

minimized rms error by varying three parameters, with Ca

varying from 0.1 with no rotation to 0.7 with 22° of clockwise

rotation of the wind. The optimum value of Cw changed from

0.1 with no rotation to 0.5 for 22° clockwise rotation of

currents (Table 6).

A total of 25 of the 37 iceberg tracks in Table 3 required

rotation of winds or currents to effect close fits of the

modelled to the observed drift track. In 7 of these the

rotation used was a value which would convert currents from

magnetic to true coordinates, a conversion which may not have

been consistently applied to the data used. A 180° rotation

of winds was required in two cases. For most of these tracks,

only one or two sets of rotation angles were selected to

obtain a good fit to the observed drift track, but the

consequences of applying a range of rotation angles were not

explored in detail.



TABLE __ 4

ICEBERG DRIFT DATA

Nt.: DRIFT JJUIUNG IJI<· 1<' U1" M I": Nh
Obperved Cornputed Wind Drift Current Drift Actual Computed

'l'owardS TowardS 'l'OWardS Towards Mean Drift Mean Drift
Iceberg (KIn) ( °True) (Km) ( °True ) (KIn) (OTrue) (KIn) (OTrue) Speed(m/s) Speed(m/s)

K007 33 244 35 241 22 262 17 219 0.26 0.27
F018 8 274 8 281 2 318 7 275 0.10 0.10
F025 12 329 13 334 9 003 7 296 0.13 0.14
K016a 9 195 10 194 2 244 10 191 0.28 0.31
K016b 30 198 8 204 -- --- -- --- 0.23 0.06
K024 19 235 7 175 -- --- -- --- 0.29 0.11
8012 32 171 31 170 33 163 6 286 0.39 0.37
K026 17.8 226 18.9 223 12 199 11 246 0.27 0.29
N039 15.3 146 14.7 146 12 126 7 193 0.39 0.37
CA009 10.3 90 9.5 104 6 90 7 115 0.26 0.24
CA035 23.5 120 22.0 120 17 100 12 160 0.93 0.87
CA036 20.9 131 22.0 135 21 136 9 183 0.78 0.76
CA062 14.6 120 14.7 117 2 119 14 117 0.45 0.45
B55 15.2 189 16.1 202 13 200 10 125 0.33 0.35
BV34 30.7 076 24.0 062 32 243 53 62 0.18 0.34
BV47 9.0 069 8.9 068 4 50 8 78 0.19 0.19
CAI04 14.2 277 11. 5 280 3 330 10 275 0.23 0.19
GI7 57.8 345 52.2 324 23 356 37 314 0.37 0.33
GI41 33.8 305 35.6 321 30 326 11 309 0.23 0.25
G43 22.0 243 10.0 270 11 297 10 243 0.16 0.09
HE04 29.4 055 33.8 052 18 58 12 45 0.27 0.31
NB12 26.6 272 28.5 260 18 294 17 232 0.23 0.24
NB19 14.4 018 13.7 357 11 26 8 352 0.27 0.26
NB38 9.1 201 10.0 168 7 252 11 128 0.27 0.25
NB68 29.7 163 26.3 163 22 168 9 159 0.35 0.31
RB04 25.8 221 21. 8 211 17 236 10 163 0.26 0.23
RB22 38.0 057 37.0 056 16 17 27 65 0.29 0.28
RB30 36.0 040 28.3 032 12 317 26 48 0.37 0.29
RB126 18.3 325 17.3 326 9 338 10 310 0.28 0.27
F022 17.0 359 17.0 000 11 3 7 352 0.03 0.03
K013 22.0 230 21.0 230 9 190 17 253 0.08 0.08
LRI 18.0 038 20.0 037 10 2 17 316 0.04 0.04
L6X 23.0 244 18.0 233 10 266 14 190 0.05 0.04
RK018 15.0 201 14.0 196 8 170 8 230 0.10 0.09
SK024 30.7 204 42.0 210 34 191 19 305 0.17 0.24
SK042 29.5 280 35.8 290 15 232 27 295 0.18 0.22
SK045 42.0 252 42.0 253 30 267 22 178 0.30 0.30
SK09 6.3 347 8.7 321 7 353 6 308 0.14 0.19

w
,j::>.
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We conclude that varying Ca and Cw is not always sufficient

for hindcast modelling of iceberg drift tracks from

operational data; variations in wind and current directions

must be included in about half of the cases.

d) Variability of Drag Coefficients of Icebergs, as Estimated

by Iceberg Drift Modelling

Optimum Ca and Cw values for 38 drift tracks are plotted

in Fig. 15. Cases lying outside the dashed lines reached a

limiting value (0.1 or 2.0 for Ca, 0.1 or 2.4 for Cw) without

finding a minimum rms error in the drift track, although in

some of these cases the rms error was acceptably small.

Minimum rms errors were found for each combination of Ca

and Cw lying inside the dashed lines in Fig. 15. For these

cases the mean values are Ca = 0.66 + 0.39 (Standard

Deviation) and Cw = 0.73 + 0.49 (Standard Deviation). The

scatter observed indicates that we have not succeeded in

finding universal drag coefficient values. Much of the

apparent variability of the drag coefficients is believed to

result from deficiencies in the data, and from the fact that

our optimizing procedure tends to adjust directional errors

through the Coriolis term in the model by selecting very high

or very low drag coefficients.

e) Relative Influence of Winds and Currents in Causing

Iceberg Drift

The net iceberg drift distances as actually observed, and

as modelled, are presented in Table 4, along with wind-induced

drift and drift due to currents only. Wind drift is computed

using the optimum drag coefficients and setting currents equal

to zero. Current drift is computed by using optimum drag
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TABLE 5

Optimum Coefficients for Segments of K007 Drift Track

rms error
HOURS HOUR Ca Cw (km)

8 0 - 8 0.8 1.9 0.42

9 0 - 9 0.9 2.3 0.41

8 28 - 35 0.7 1.5 1. 25

12 28 - 39 0.7 0.6 1.14

14 28 - 47 0.6 0.4 1.13

16 28 - 44 0.6 0.4 1. 09

26 28 - 54 0.5 0.5 1. 35

54 0 - 54 0.6 0.8 1. 25

Table 6. Effect of Rotating Winds and Currents for Iceberg HE-04
with Ca and Cw Selected for Hinimum rrns Error in Each Case.

Rotatlon rms Error
Angle Ca Cw (km)

0 0.1 0.1 4.10

15 0.3 0.2 1. 78

18 0.6 0.4 1. 63

20 0.5 0.3 1. 64

22 0.7 0.5 1. 55

25 0.6 0.4 1. 89

30 0.6 0.4 2.79
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coefficients and setting currents equal to zero. Current

drift is computed by using optimum drag coefficients and

setting the wind speed to zero. Wind drift (pluses) and

current drift (triangles) are plotted in Figures 7, 9, 12, 13,

16, 17 and 18, and in Appendix 3. The wlnd drift also

includes towing effects 7 the towed icebergs are therefore

ignored in the following evaluation of relative wind and

current drift. Current and wind drift were not calculated

separately for K026 which leaves 23 tracks for drift

comparison.

Of the 23 drift tracks, wind drift exceeded current drift

for 7 icebergs 7 current drift was larger for 13 icebergs, and

the wind induced drift was approximately equal to the current

induced drift for 3 icebergs.

The total displacement by wind for twenty three tracks is

285 km and by currents 327 km. This is a sufficiently large

sample for us to conclude that both winds and currents must be

considered in modelling iceberg drift. Conversely, the drift

rate of icebergs cannot be assumed to be an indicator of

currents alone, nor of winds alone. The drift rate might be

used to estimate one if the other were measured and its

influence accounted for.

f) Effectiveness of Towing of Icebergs, as Compared to

Modelled Tracks with Tow Force Deleted

Towing of icebergs is generally undertaken to protect a

drill rig against potential collisions. Towing alters the

speed and direction of drift in order to prevent the iceberg

from corning dangerously close and to expedite its passage to a

safe downstream location. A tow rope is pulled around an

iceberg at the waterline and connected to the tow vessels'
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steel hawser. Towing loads and directions are monitored

onboard the tow vessel and the actual towed drift is logged by

noting hourly range and bearing from the stationary drill

rig.

In order to assess towing effectiveness the iceberg drift

model was run on twelve towed tracks with the towing force

removed. Optimum drag coefficients derived with towing force

included (Table 3) were used. The modelled track is the free

drift track which would have occurred if towing had not been

executed. The objective of towing is to prevent an iceberg

from closely approaching a drill ship, and so in this study

the effectiveness of towing is assessed as a gain or loss in

minimum range. If towing succeeded in increasing the minimum

range compared to the minimum range of the free drift track

then a positive change in minimum range is noted in Table 7.

Minimum range is not the only consideration in towing

operations; other factors such as towing duration, vessel

deployment and availability, and fuel consumption may be of

greater importance, and the ultimate requirement is simply to

avoid collision or interruption of drilling operations.

In six cases a loss of minimum range resulted from towing

as compared with the minimum range in free drift with towing

removed. As an example, Fig. 16 indicates a minimum range of

2.7 km for the towed track of the 500,000 tonne iceberg, NB68.

The tow force was 20 tonnes applied towards 195°. Running the

drift model with this force removed resulted in the free drift

track which had a minimum range of 6.7 km. In this case a 4.0

km loss of minimum range appears to have resulted from towing.

Apart from other considerations towing is judged not to have

been effective in this case.



- 40 -

ICEBERG GI7N CA-O.4 Cw=o. 1

]
...,

\l'l
N

:c
::.:::
::C\l'l
b ....
a:::
q
z

o....

\l'l
I

5o-20 -15 -10
EAST KH

-2S

o,+----.----,,..-------.-----.--_...----.----....---+-----.-
-iO

FIGURE 13

DRIFT TRACK OF ICEBERG G 17N SHOWING IMPROVED FIT
OF MODELLED DRIFT TRACK WITH 20° CLOCKWISE ROTATION

OF WINDS AND CURRENTS



- 41 -

In two cases the minimum range was not altered by towing,

while the remaining four tows achieved a gain in minimum

range. For example, towing the 3,000 tonne iceberg CA 035

towards 75 to 90 degrees with a tow force varying from 4 to 9

tonnes resulted in a net gain of 2.1 km (Fig. 17). Towing the

20,000 tonne iceberg, CA 036, towards south-south-west

resulted in a gain of 5.4 km minimum range compared to the

collision (zero minimum range) which would have resulted

without towing (Fig. 18). It may be argued that this result

was sufficiently valuable to justify a number of less

essential towing efforts, since if towing had not occurred

iceberg CA 036 would have forced the drill rig off location.

Towing of iceberg RB 22 of 1,100,000 tonne mass with a tow

force of 40 tonnes towards 147 0 resulted in a 4.43 km gain in

minimum range (Fig. 7). Towing in this case again eliminated

the necessity of moving a rig, since free drift without towing

would have resulted in a minimum range of only 0.17 km. (Fig.

9). Drift tracks of the remaining 8 icebergs from Table 7 are

shown in Appendix 4.

In terms of minimum range only it can be seen that towing

succeeded in increasing the distance of closest approach in

only 4 out of 12 cases, indicating that at the time the

forecasting knowledge was not sufficient to make the most

effective decisions as to which bergs should be towed or in

which direction. The average distance of nearest approach was

only marginally increased, from 4.2 to 4.5 km. In spite of

this uncertainty, towing of two of the icebergs avoided the

necessity of moving drill rigs. In the case of larger

icebergs such as RB22 the choice of towing direction is

critical since towing has a relatively small effect on the

drift and it appears that since towing in general had a random

effect, the correct choice of direction in this case may have

been fortuitous.
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g) Bottom Scouring Force During the Grounding of an Iceberg

The drift track of iceberg K007 was reported in October,

1976, from the dri11ship Pelican at the Karlsefni A-13

wellsite (58°52'15"N, 6l o 46'42°W) off the coast of Labrador.

The estimated mass was 25 x 10 6 tonnes, with a waterline

length of 230 m, a width of 180 m, and a height of 85 m above

the waterline. This iceberg was stationary from 1900 on

October 15 until 1400 on October 16, and so it evidently went

aground between 1800 and 1900 on October 15 and the velocity

at that time can be determined from the drift during the

previous hour.

Smith and Banke (1983) noted that there was a low tide at

about 1645 and a high tide at about 1215 on October 16, and so

the iceberg went aground shortly after low tide and re-floated

shortly after high tide. They modelled 54 hours of the drift

track of iceberg K007 starting at 0100, October 15, 1976, and

found that an air drag coefficient of 0.6 and a water drag

coefficient of 0.8 allowed the dynamic model to represent the

observed 33 km drift track with an rms error of only 1.25 km.

They simply set the velocity to zero in the model during the

period when the iceberg was observed to be stationary.

A sidescan sonar survey in the vicinity of Karlsefni A-13

in 1982 showed a large scour track 800 to 1200 m long in the

location of the reported grounding of iceberg K007, and in the

approximate direction of its travel. Since this was one of

the largest icebergs observed in this area, since the scour is

large and untouched by subsequent cross-scours, and since this

major scour was not seen in an earlier sidescan survey of the

same area, this has been identified as the scour of iceberg

K007 (C.F.M. Lewis, personal communication).
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The relatively uniform width and depth of the scour

support the assumption of a constant bottom drag force

throughout the scouring event. The net retarding force can be

estimated from the initial momentum (mass M x velocity V) and

the length X of the scour track,

For a mass of 2.5 x 1010 kg with an initial velocity of

0.246 m/s (model velocity after 7 hours of drift), a net

retarding force of 96, 77, or 64 tonnes is required for a

stopping distance of 800, 1000, or 1200 m, and the stopping

time is T = 2X/Vo = 1 hr 48.4 min, 2 hr 15.5 min, or 2 hr

42.6 min respectively. Using drag coefficients from Smith and

Banke (1983), the air and water drag forces can be estimated

during the period when the iceberg was aground (Table 8), and

these are comparable to the net deceierating force estimated

above.

TABLE 8 Environmental Forces on Iceberg K007

IWind- I ICurrentl Current Vector I
Time ISpeed I Air Drag I Speed I Drag I Sum I

1m/ sec )1 (tonne) (deg)I (cm/ s) I (tonne) (deg)/ (tonne) (deg)1

I I I I I I
Stop 0900 Oct 15 I 9.2 I 57 235 I 12 I 22 240 I 79 236 I
Start 0400 Oct 16 I 10.2 / 70 200 I 16 I 40 270 I 92 224 I

The towing force in the model has been adapted to

represent the acceleration during scouring by applying a

constant, arbitrary force which acts opposite to the direction

of travel. The initial velocity prior to scouring is taken to

be 0.246 m/s at the 7th hour of the modelling period. (The

iceb8rg was stationary from the 9th hour, and we have



TABLE 7

Iceberg Towing Effectiveness

._-

MINltvlUM J(l\NG8 (km)

STATED MODEL Ta.ving As Range
Tawing Direc- Displacement As Predicted Effect of.

Taw Force TOo" Direction Force tion Duration Actually With'1'cJ"..1 TCNI
Iceberg (tonnes) (tCM'ardso ) (tonnes) (Orrrue) (Hours) (km) (OTrue) Ta.lled RenDved (krn)

F018 30 330 10-20 0 7 4.1 360 7.0 7.1 - 0.1

K026 22 Not Stated 22 190 6.5 8.2 200 4.3 6.2 - 1.9

CA 035 Not Stated 75 - 90 4-9 75-90 4 5.6 99 6.8 4.7 2.1

C!'. 036 tvlinirrum PCNler Not Stated 4-15 150 5 11.0 158 5.4 0 5.4

D55 10 - 30 180 - 2JO 10-30 180-230 7 12.8 236 4.6 4.9 - 0.3

GI7 Not Stated 225 - 270 30 225-270 4 12.0 55 5:0 5.0 0

N1312 45 - 90 270 - 290 40 270-290 15 12.1 336 3.9 1.8 2.1

NB19 Not Stated 360 80 360 5 1.7 73 1.4 1. 75 - 0.35

N1368 20 240 :... 210 20 195 6 10.0 210 2.7 6.7 - 4.0

Rn22 90 .180 40 147 10 7.0 117 4.6 0.17 4.43

fill 126 Not Stated 360 40 350 2 2.0 13 4.2 4.2 0

SK 045 Not Stated 270 15 270 7,4,5,2 24.0 268 4.2 9.4 - 5.2

of.>.
0\
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estimated that about 2 hours are required for it to stop).

Fig. 19 shows the modelled tracks for a number of forces and

the distance travelled, or the distance in 3 hours if the

force is insufficient to bring about a complete stop, as a

function of bottom drag force. A bottom drag force of 100

tonnes (0.98 x 106 Newtons) gives the best approximation to

the observed scour distance. Fig. 20 shows the scour length

as a function of bottom drag force.

An uncertainty of +30% in the estimated mass of the

iceberg would affect the retarding force by +20 tonnes. The

air and water drag coefficients estimated by Smith and Banke

(1983) could vary by +0.2 respectively (with an increase from

1.25 to 1.50 km in the rms error in modelling the observed

track) and these would affect the force balance by +10 tonnes

and +5 tonnes, respectively. Allowing also for uncertainties

in the winds and currents themselves, in the length of the

scour track, and in the initial velocity, the bottom drag

force is subject to an error of perhaps +50 tonnes or +50%.

The ability to identify a scour with an iceberg grounding

event and to model the forces associated with this event has

offered a unique (perhaps fortuitous) opportunity to obtain a

quantitative understanding of the scouring process.
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ICEBERG NB68 CA=O.60 CW=O.30

I
6.7 Km

-r
DRIFT TRACK WITH ~
TOWING REMOVED~

I

~~

I

?'3,
I

o+----------------';;;----:;;;;o,f----------

V·7km

TOWED DRIFT TRACK-\

Lfl
I

o1'+,----....,----....,----.,-,----+,----.,-,----I
-20 -15 -10 -5 0 5 10

EAST KM

FIGURE 16

EXAMPLE OF 4.0 Km LOSS IN MINIMUM RANGE DUE TO

TOWING TOWARDS 195 0 WITH A 20 TONNE TOW FORCE
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F. SUMMARY

The dynamic iceberg drift model ICE 3 of Smith and Banke

(1983) has been extended to automatically select optimum air

and water drag coefficients either by trying all possible

coefficient values in a selected range (ICE 4) or by an

iterative method (ICE 5), and input and output data can be

displayed as stick plots (STKICE) as well as drift tracks.

The model was developed using 6s time steps, but tests have

shown that for medium-size icebergs computational efficiency

can be improved without affecting the results by lengthening

the time step to 30s, and for larger icebergs, time steps up

to 120s can be used.

A data tape containing hourly positions of 1344 icebergs

relative to fixed drill rigs off Labrador was searched to

identify 63 drift tracks which were potentially suitable for

testing of drift models, meeting the following criteria: mass

or size information available, and mass >10 5 tonnes; at

least 8 hourly positions reported; and track approaches within

3 nautical miles (5.56 km) of drillship. Of these only 34 had

complete wind and current data available, among which 21 were

modelled successfully, while in 13 cases the winds and

currents reported at the drillship were judged to be

inconsistent with modelling of the observed drift. While we

worked with a small subset of the original data, the selection

process allowed us to test the iceberg drift model using

publicly available data gathered to meet operational and

regulatory requirements and not originally intended for

scientific analysis. An ideal data set for hindcast modelling

would include the profile of currents in the immediate

vicinity of an iceberg of known size and a series of

measurements of this type is planned.
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CA=O.9 ChJ=O.4

TOWED DRIFT TRACK

/
4.7Km

DRIFT TRACK WITH
TOWING REMOVED

O~i-----------i'=------->e-------a----

I
'['+1-----,'------+1-----,,-----1,-------.,

-10 -5 0 5 10 15

EAST KM

FIGURE 17

EXAMPLE OF A2.1 Km GAIN IN MINIMUM RANGE DUE TO TOWING

TOWARDS 75°-90° WITH 4 TO 9 TONNE TOWING FORCE
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From the drift track of iceberg K007 it was found that 8

hours of drift data are sufficient to establish optimum values

of air and water drag coefficients, but that the water drag

coefficient changed substantially following a grounding

event.

In addition to optimizing the choice of air and water drag

coefficients, it was found in more than half of the cases

investigated that constant offsets in the wind and/or current

direction - in effect one or two additional free parameters

in the model-were necessary to obtain a close fit (typically

1 km rms error) of the modelled track to the observed drift.

The mean values of air and water drag coefficients for

minimum error in modelled drift were 0.66 and 0.79

respectively. The drift due to wind was on average only

slightly less than that due to currents in the tracks which we

modelled.

In twelve cases in which icebergs were towed the effect of

towing was investigated by modelling the free drift track with

towing forces removed. The purpose of towing was presumed to ­

be to prevent the iceberg from closely approaching a

drillship, but in six cases we estimated that the effect of

towing was to make the iceberg approach the drillship more

closely and in two other cases the closest range was

unaffected. In two of the four IIsuc~essfulII towing cases our

model indicates that without towing it would have been

necessary to move, the drillship to avoid a collision.

By modelling the deceleration of iceberg K007 during a

scouring event, we find that a bottom drag force of 100 tonnes

is consistent with the 1 km length of the scour, as identified

in a sidescan sonar record.
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CA036 CA=O.5 CW=O.2

TOWED DRIFT TRACK
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FIGURE 18

EXAMPLE OF 5.4 Km GAIN IN MINIMUM RANGE DUE TO TOWING

WITH A TOW FORCE VARYING FROM 4 TO 15 TONNES. THE

TOW DIRECTION WAS NOT SPECIFIED BUT IS PRESUMED TO BE

TOWARD THE SOUTH SOUTHWEST.
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While operational data have not been found adequate to

model iceberg tracks in a majority of cases, the use of

selected tracks has allowed us to test the model and to reach

useful conclusions.
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APPENDIX 1.

List of 63 Iceberg Tracks having minimum range (last number on

line) within 3 nautical miles (5 km) and with estimated mass

greater than 105 tonnnes. Symbols at ends of lines: A­

acceptable for modelling studies, M - missing wind or current

data, R - rejected because model clearly will not be able to

reproduce drift track, P - previously studied. A dash before the

mass value indicates that it was estimated from reported

dimensions.

At the end of this Appendix is a table of the number of icebergs

grouped by closest distance of approach in various ranges.



FIRST POSITION

Si te, Si te Code 1
# of tracks

Iceberg hour day rno yr
2

type H
rn

L
rn

W
m

5
Ma3s
10 tonne

3
Towed Closest

n mi.
Data
Availabi Ii ty

03 07 74

02 07 74

23 07 74

24 07 74

02 08 74

03 08 74

16 07 75

16 06 74

17 06 74

17 06 74

23 06 74

24 06 74

23 06 74

27 07 74

03 08 74

03 08 74

03 08 74

04 08 74

04 09 74

02 09 74

03 09 74

06 09 74

15 065

38 115

43 110

48 097

20 080

32 071

25 100

45 238

50 340

31 160

40 103

18 105

56 156

29 088

55 450

54 157

29 086

15 061

36 101

35 200

46 109

24 083

u-.
00

R

M

*R

*R

ivl

M

M

*M

A

*M

M

*M

(vI

M

til

fv1

M

M

ivI

*M

M

*A

A

M

1.0

1.8

1.7

2.2

1.0

1.9

1.7

2.8

1.1

0.4

2.7

2.4

1.8

0.2

0.6

0.7

1.1

1.7

2.2

1.1

1.7

0.9

3.0

2.0

N

N

y

y

y

y

y

y

N

N

N

y

y

N

Y

Y

Y

N

N

Y

Y

y

y

y

(265)

5000

(135)

4000

750

(958)

(271)

(342)

800

(5405)

1500

2000

750

500

2500

500

1000

2000

500

200

400

3500

300

500

048130

195

20

40

N

N

D

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

T

D

N

N

N

N

74

74

06

07

26

28

1700

1100

2400

1645

0355

0700

2000

0200

0030

1500

0100

0145

1700

1400

0400

0905

1915

0542

2230

2230

2340

0800

2100

0600

031

015

019

040

041

043

069

100

101

108

111

182

197

201

207

018

034

047

050

086

087

135

147

23

Bonavista C-99
BV (75)

Bonavista C-99
re-entered
RBV (18)

Gudrid Ii-55
G (46)



FIRST POSITION

Site, Site Code
1

Iceberg
/I of tracks

hour day mo yr
2

type H
m

I..
m

w
m

5
Ma3s
10 tonne

Towed
3

Closest
n mi.

Data
Availability

Indn Harbour 05 1600 23 08 76 N 22 093 - 900 Y 2.5 M

M-52RE
RIH (8)

*Bjarni I-i-81 44 0330 06 09 73 N 65 150 - 2000 Y 1.3 R
BJ (18)

*Bjarni H-18 - RE 01 2000 05 10 74 D 20 080 050 500 N 2.4 M
BH (1)

Skolp E-07 024 0800 07 08 78 D 17 084 - 500 Y 2.9 A
SK (31) 042 0300 09 08 78 N 19 147 - 5500 N 0.4 A

045 0100 13 08 78 N 14 067 - 150 Y 2.2 A

Freydis B-87 002 1500 02 07 75 T 15 125 - 935 Y 2.4 M
F (13) 005 1500 02 07 75 T 20. 120 - 900 Y 2.0 M

U1

022 0100 10 07 75 N 26 089 - 400 Y 2.9 A \D

Karlsefni A-13 013 0500 19 08 75 N 15 120 - 500 Y 1.2 A
RK (9)

NOT E S

1. See Table 1 and Fig. 1 for site locations.

2. D- Domed T.., Tabular

3. y- Towed N- Not towed

4. A.., Data available M.., Wind or current data missing R- Rejected because winds and currents do not match drift
* - Anomalies in position or timing in computer tape data, log sheets to be used instead

5. Mass values in brackets are estimated from dimensions.



r'mST POSITION

Si te, Si te Code 1 Iceberg hour day
2

H h w 5 3
mo yr type Ma3s Towed Closest Data

It of tracks m m m 10 tonne n mL Availabi Ii ty

Snorri J-90 06 1800 29 07 75 N 21 063 - 170 y 0.9 M
SN (24) 08 1200 30 07 75 N 23 066 - 300 y 2.5 M

09 1200 30 07 75 N 33 080 - 300 Y 1.3 A

Snorri J-90RE 001 0545 28 08 76 N 18 050 - 150 Y 0.2 M
S (7)

Roberva1 K-92RE 022 1100 10 07 79 D 32 320 - 3000 Y 2.5 A
RB (85) 030 0100 12 07 79 N 30 090 - 370 N 2.2 A

093 0600 05 08 79 N 52 220 - 3500 y 2.7 M

*094 0600 05 08 79 N 49 312 - 6500 y 2.6 R

120 1400 16 08 79 N 63 130 - 3000 N 2.5 R
0'
0

126 1600 17 08 79 T 10 100 - (212) y 2.2 A

139 0400 03 09 79 N 45 ,090 - 1000 y 2.2 tv!

Kar1sefni A-13RE 007 2000 12 10 79 N 85 230 180 25000 y 1.0 A
RK (21) *018 1545 24 09 79 N 55 241 173 12000 y 1.4 A

Bjarni 0-82 012 0730 30 07 79 T 42 190 - 6250 y 2.3 A
NB (55) 019 1330 31 07 79 N 42 133 - 2200 y 1.0 A

038 1930 15 08 79 T 51 218 - 10000 y 2.3 A

068 1445 23 08 79 N 35 067 - 500 y 1.6 A

078 1930 31 08 79 T 24 169 - 2500 y 2.8 M

Leif E-38RE 1 1532 25 07 73 T 30 126 - 2000 y 1.6 A
LR (5)



FIRST POSITION
2

Site, Site Code Iceberg hour
" of tracks

day mo yr
2

type II
m

L
m

W
m

5Ma3s
10 tonne

Towed3 Closest
n mi.

Data
Availabi Ii ty

Leif M-48
L (6)

Tyrk P-lOO
TY (37)

Gilbert F-53
GI (10)

Hopedale E-33
HO (35)

*6X 0005 01 08 73 N 65 143 132 1814 N 2.7 A

*011 0600 18 07 79 D 42 148 - 1400 Y 1.0 R

015 2000 18 07 79 D 53 126 - 1100 Y 2.3 R

016 2000 19 07 79 D 25 075 - 240 Y 2.6 R

019 0800 18 07 79 D 38 210 - 5000 N 2.2 R

076 0630 04 08 79 D 20 077 - 170 Y 2.8 R

142 0630 16 08 79 N 14 053 - 100 Y 2.1 R

007 2100 27 08 79 N 70 224 181 5000 Y 2.7 A

011 1100 29 08 79 N 24 068 057 300 Y 2.0 R

052 0100 28 08 78 T 24 077 - 1400 T 2.8 N I
(J\
f-'

Tracks for all Well Sites: 544 (with at least 8 positions and with mass or size information)

Tracks for all Well Sites: 63 (with at least 8 positions and with mass or size information and within 3 n. mi. minimum range;

Tracks Available for Model Development: 20

Minimum Range (Nautical Miles)

0-1

1 - 2

2 - 3

3 - 5

5 - 7

7 - 10

10 - 15

>15

No. of Icebergs

13

16

33

106

80

69

50

21
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APPENDIX 2.

Stick Plots of Wind, Current, Force and Velocity for Icebergs

K026

N039

CA009

CA036

CA062

B55

BV47

HE04 and

RB126

Similar Plots are Shown by Smith and Banke (1983) for

Group I Icebergs

K007

F018

F025

K016

K024

S012

For RB22 see Fig. 8
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APPENDIX 3.

Plots of Iceberg Drift Tracks for 38 Drift Track

Segments Listed In Table 4

Legend:

Actual Drift Track

Modelled Drift Track Due to Winds and Currents

Modelled Drift Track Due to Currents Only;

Eliminating Wind Influence

Modelled Drift Track Due to Winds and Towing if

Towing Occurred, Setting Currents Equal to Zero

0---0

0-,---0

~--6

+_.-_.+

Similar plots of Group I Icebergs K007, F018, K016, K024 and S012

were pUblished by Smith and Banke (1983)

For icebergs G17 and RB 22 see figures 12 and 7, respectively.
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APPENDIX 4.

Plots of Drift Tracks with Towing Force Removed

For Iceberg RB22 see Fig. 9

NB68 II II 16

CA35 " " 17

CA36 II " 18
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APPENDIX 5.

Computer Printouts for 38 Modelled Iceberg Drift Tracks

and for 12 Tracks With Towing Removed
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INITIAL V .050 MIS 270 IHG lATITlJDf 59 OEG 37 HOURS
CA- .10u (W~?400 CS - '(,020 ex· .OU20
SAIL AREA 1020 KEEL AREA 4UHO SLJRFACt ARU 4700 MH2 MASS .175EtO~ METRIC TONS

HOUR POSN FAST KM NORTH VEL EAST MIS NORTH TOTAL WIND MIS FROM CURRENT MIS TO RANGElI<M\ AIIM KM ERROR PCT TOWFORCE UIR
a a 15.917 .556 -.050 -.COO .050 4.00 25 .17 310 15.93 8E1 0.000 O. 0.000 a
1 0 15.454 .793 -.137 .082 .160 'i.00 25 .16 340 l'i.19 68 .382 '2. 0.000 02 0 14.954 1.024 -.142 .02fl .145 5.00 65 .14 3uO 14.82 88 .276 75. 0.000 03 0 14.46U 1.070 -.11<; .011 .115 7. 00 80 .08 310 l'i.OO 86 .805 146- 0.000 04 0 14 • 151 1. 114 -.062 .011 • 063 6.00 90 .01 310 14.62 86 .144 78 • 0.000 05 0 13.99'1 1 .1 'if, -.029 .01l. .032 4.00 125 .01 330 ]/,.26 88 .686 91. 0.000 0f, lJ 13. Cj CJ4 1.204 -.025 .Oll .02B 5.00 90 .01 320 13.10 88 .472 85. 0.000 01 0 13.796 1.243 -.0'15 .012 .031 5.00 100 .02 320 13 .15 88 .451 81. 0.000 08 a 13.f"2 1. 24 8 -.Ohl -.OlU .06 L, 4.50 100 .08 210 12.78 88 .207 56. 0.000 09 a 13.176 1.140 -.076 -.037 .084 'i.00 140 .09 260 12. 5 9 66 .124 67. 0.000 a10 0 13.040 .9U4 -.121 -.049 .131 7. 50 140 .15 210 12.22 88 .147 40. 0.000 011 0 12.497 .9h9 -.176 .067 .188 8.00 140 .19 330 11. e 5 86 .442 79. 0.000 012 0 lJ.7A2 1.1 B7 -.2?5 .008 .226 9.00 140 .23 290 11.48 86 .423 114 ~ 0.000 a13 0 10.904 1.210 -.255 .'020 .251> 8.00 140 .24 300 10.56 64 .290 29. 0.000 0

')14 0 10.056 1. ;> 81 -.207 .015 .207 5.00 130 .18 300 10.00 63 .278 4 8 ~ 0.000 a15 0 9.432 1.157 -.139 .033 .143 .01 140 .12 320 10.00 81 .636 182. 0.000 0It> 0 9.0f,4 1.498 -.065 .039 .075 .01 140 .05 340 10.00 82 .503 288. 0.000 017 0 13.894 1.715 -.039 .100 .107 6.00 145 .12 20 9.82 82 .244 131. 0.000 018 0 8.718 2.076 -.054 .071 .089 8.00 145 .06 330 9.63 82 .308 209. 0.000 a19 0 0.558 2.288 -.03b .055 .066 8.50 160 .03 350 8.89 84 .809 100 • 0.000 020 0 0.429 2.488 -.043 .056 .071 8.00 160 .05 330 8.52 85 .448 12. 0.000 021 0 0.264 2.723 -.044 .078 .089 9.00 170 .06 350 8.15 84 .252 6 3 ~ 0.000 0
)22 0 8.100 3.041 -.051 .098 .110 10.00 110 .08 350 7. 78 82 .253 55. 0.000 023 0 7. H59 3.502 -.Od8 .164 .186 l'LOO 180 .16 350 7.32 18 .301 44; 0.000 024 0 7.372 3.A71> -.IH6 .027 .108 13 .00 180 .21 290 6.98 72 .264 32. 0.000 a25 0 6.6hl 4.03f1 -.lUh .076 .201 13.00 190 .?O 310 7.04 69 .654 176. 0.000 a-26 0 6.056 4 • 2 90 -.160 .055 .16 <) 13.00 180 .16 300 7.26 66 .109 163; 0.000 0 ~-27 0 6.056 4.290 0.000 0.000 0.000 11. 00 lElO .09 330 7.96 64 .752 100. 0.000 0-28 0 6.056 4.~90 0.000 0.000 0.000 11.00 IUD .09 350 7. 87 64 .093 100. 0.000 0 I-'-29 0 6.0'i6 '1.290 0.000 O.GOO 0.000 13.00 lAO .06 340 7.78 65 .165 100; 0.000 0 U1-30 0 6.056 4.290 0.000 0.000 0.000 12.50 170 .06 340 7.93 66 .202 100. 0.000 0 I

31 0 5.91(, 4.54 " -.016 .085 .092 12.00 190 .06 340 B.13 64 .204 59 0.000 0 I32 0 '.>.797 4.B2h -.044 .071 .083 10.00 180 .06 330 8.32 62 .183 54: 0.000 a33 0 5. 5q 4 5.026 -.071 .039 .OAI 9.00 175 .08 300 8.32 57 .456 63, 0.000 0
RMS fRRLlR IN COMPIJlEO DRHI SEGMENT) .4295 KM RMS [~ROR IN POSITION 1.2335 KM 34 .08S

ICE8EKG FOt8 (A-O.l CW-2.4 X RANGE 0.000 TO lO.OOO KI1 Y RANGE 0.000 TO 20.000 KM o TRACKSL.

IOEVtl- 30I<DEVN- 0
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l? I) -1 (). ;;0', -1 't • U')? -.0 1... ;') .1 I J • 1 (' "3 11. 50 B'1 .05 760 1fI.52 216 .263 39. 0.000 a I1 '\ IJ - 1 j). 't Ii' - 1\. (, ')11 -.• (j 7', • 1 "3 i, .] :;') 12.00 1 ~) 3 .06 310 17.96 2lA .397 47. 0.000 014 u - J 1.'.71\ 7 .. I, . r) I, 'I - • CIt. .1 10 : 111 I 14.00 163 .05 310 17. '59 222 .617 52. 0.000 0 I 1r,lJI'; u - lv • (1 ~; /1 -I ? • 'I" 'I ... 0 il1 • ?o,) .?2 ; 1~,. 00 161 .OB 330 17.59 226 • 631 51 • 0.000 a I-'II. 0 -1 I • :\' il - I 1 • ~,"" ,- • J 'j I .20ft .;->~4 14.00 1 '>11 • I" 320 If, 67 228 • 715 65 • 0.000 a I 0'1,11 ol - 1 I .' '/(\ -I!). r, 'jt, -. 1 ~;\ .244 .? 811 15.50 1611 • Ii) no In.67 230 .385 66. 0.000 aif; ,) -I ) . ;·1 'J"; - "J. J.j!t -.PI • ? 1 ') .2 it 7 14.00 16B .11 320 H.lt 234 .457 36. 0.000 a11) I) -1 •. 1' (.1 _IJ. ;) 1 t:; -.1 P .70'1 .736 1'1.00 l'i;l .07 'l30 16.11 217 .086 10. 0.000 a?u () -I -\.1', Il - '1. ~ d'J -.07f1 .20il .(21) 1'1.01) !f8 .0'5 345 14.08 239 1. ') 56 93. 0.000 0? ] I) .. I J.? 'j I. - (.7 ','I -. nOlj • 1 (Ill • I 'Ill lLOO In) .04 359 I3.A9 241 • 221 43 • 0.000 a?? I) - 1 '\ • /1 ? - ( • (J I; l • (j ~1 I • I 74 .1 n? 1?50 2 03 .03 l '5 15.19 242 1·711 130. 0.000 a?J () -I ? ,( II-:) -- h • >~I ') ':J • 1 I " .1"3 ? .174 13.00 ?71l .02 30 15.00 242 ."88 263. 0.000 a
?~ u - I ? • ~" ? f.: - f' .1/1 j .on\ • (] '5G • 1 (i I 1.00 233 .03 -no 15 .19 241 .786 244; 0.000 a

p ~i \. I «' I,' 1'1 rrH""llflll 1,1'111 '; I Cijl tf I') .r 7lP Kh kt'lJ IfiRlik Jtll'f1'lITlON .'i6bJ KM 24.11[\5

J C1 1\ I f'l I' .. x f.' h t' (;\ -1').000 Ttl 0.000 KI1 Y f<ldlGl: -?o.OOQ TO -~.ooo KM! OfVN- 37 KDEVN- 0[III ( A I 11'1 I 1. (,'1\1. I ijl' 1-\ f 11-: I I > • 't Ou l

/

, )



I i It r II L I 1'\ I I 1. I J!h) • I II' c.,. I Hil I ". i, () (J

S 1;\ r I ' 1 I r: ..
)J R lllj ~ A i'i I 1\' (., lit
(,v, L t,1\ II Ii r 1"""'11,1'1 I r ;, c I II

".' U () n II, CM I J c. I~ r

I r r p , ..: r: I( { 1 G It

II ,>11\
" 7;0 (JII

1.01
3rJ Z i,

x 1,'AtICF -l'J.UOO III 0.000 KM Y RANGE 15.000 TO 30.000 KM OfVN- 37 KOfVN- a

(')

Hnt! k 1'11\ II L.\ 1 f! M H11' III V 1,1 LA I "1 /') t1m~rll TDfi\L WIND MIS fRilM CIJRkHH MIS TO RANGFIKMI AlIM KM FRROR PCT TOWFORCE OIR(1 (' -7.1 n 'f. ;'\ 31 .11 1 -.746 .2'j0 B.OO 140 .20:n0 27.78 345 0.000 O. 0.000 0[ !J - '( .( n ~~ II • Ii C.! • 1I H -. ?98 .299 7.00 350 .26 230 2l..85 345 .157 11. 0.000 02 () - 7 .1
'

f ~) '1 • 7 j\ '", -.0 ',' -.331) .33~ 'j.00 3 tor) .2 fl 230 25.37 346 ,817 53, 0.000 0j (j -7.1 i, ? ':\. It L'J -.(1 \ -.147 .349 5.00 )'10 .32 220 23.71 347 .938 H. 0.000 a
~ {} - "t • ~1 )~) ?? .'>' 1 _. () i, -.343 • '~41 6.00 360 • ?:7 21'0 22.78 345 .439 36: 0.000 a'j I) .. ,1 . " ,

? 1 • nnn -. (; 'I -... B9 • '1 'j () 3.00 'Iii 0 .?fl 240 ? 1. 4 fl 341 .'170 48. 0.000 aI (J _. 1. \) '1 () 1 ;t.'dJ i , -. I - • j I ') • :L?,l) 1.00 3" '; .20 ?'I 0 2 O. 93 33A .542 44. 0.000 a7 1\ , .!. ,f I '\ . "I f ) ~l, -. I , -. ? (, 7 • '1 1 4 3. 00 320 .19 2')0 7.0.74 334 .719 53. 0.000 a,., n .- I • n ~; t I I • .. 7" - • [I,:, -.??h ? n ,) h. or! n,) .2 'j 230 ? (). ~)O 332 • 399 54 • 0.000 a· , ......
') Ii 'I.' J ( 1 I. I .,) -.1' I, - . 1 ') 'j .247 G.OO p" • 17 ?40 ZO.l7 332 .0114 477, 0.000 a

p;.\\ I ..: i I ~ ~ Iii t" I "\,'it I I 1\ 111' Ii I ". t (:-1 11-; 1'1 • "i1 () tJ K 11 ,k M~ I' k i< I'll-! I N PO'; IlION .-)Y~4 KM <J.nRS
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'I~',(j 1<111 1\IUA ,/"lll) )IJPFi\I:F II~FII 24053 IH*2 MA';S .600Ft07 METRIC TONS
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TNTTTfIl IJ • 1') () '11 S 210 Dfl; lr.Tlllillf ')7 nEG 2'1 HfJUI<:'
CAal.OOO CWa .'IuO e~& .0020 0& .0020
SAT I. AfIf A 1i37')0 t<f f I ARfh ljOOOn SIIR FACt ARFr. 62500 MH2 MASS .700[+07 METRTC TONS
IIOUI< PIlSI'l EA<;l 1<~1 Nf11< III VEL FAST MIS NURfH HHr.L WIND MIS FI<OM CURRENf MIS TO RANGFIKMI lIZ 1M KM ERROR peT TOWFORCE OIR0 0 Ill. 077 'i5.47H -.09') - .165 .190 9.00 343 • 1tl 130 39. B2 27 0.000 O. 0.000 a1 0 17.9?O 34.4f,? -.02'> -.375 .376 11. 22 348 .22 120 38.89 27 .325 35. 0.000 a2 0 17.ln7 31.i\?7 .019 -.394 .394 1 L22 343 • 12 130 37.97 29 .793 49. 0.000 a3 0 18.027 31. 61 ') .04 'I -.400 .402 12.24 353 .11 1'50 37.04 30 .286 25. 0.000 a4 0 1u. rt() 30.177 .101 -.393 .407 11.73 353 .05 2')0 36.30 31 .1,80 49. 0.000 05 0 Itl. b" B lfi.7M .21 'j -.43A .4 fl7 13.26 343 .02 310 35.71, 32 .745 89. 0.000 a6 0 19.t,J4 ;> 7. 149 • 1 'i 'J -.413 .454 11.2? 353 • 04 290 3"1.71 33 1.446 68. 0.000 a7 a 20.?19 2';.743 • 16 I -.369 • 't02 9.1 fl 343 .05 350 32.04 41 3.381 69. 0.000 a8 0 20.94': 24.316 .266 -.1, 51 .');>4 13.26 338 .07 10 31. 48 42 .936 119. 0.000 0'I a ?l.779 ?? • 71') • ) 4 J -.40C; • 435 J. 18 318 .13 90 31.11 44 .651 56 • 0.000 010 0 2e.074 21.)')3 .0)') -.154 .356 8. f) 7 338 .16 110 30.19 45 .651 61. 0.000 a11 0 22.? 11 20.04fl .06j -.387 .393 11. 22 33A .14 110 29.63 46 .5b8 75. 0.000 012 0 ?2.·)3~, }11. 44/1 .102 -.514 .524 12.24 343 .21 80 28.89 48 .387 31. 0.000 013 0 22.729 Ib.f\Oh -.004 -.334 .334 10.CO 343 .2 L 160 28.14 50 .526 46. 0.000 a14 a ?2.104? 1 r,. il 'jf1 -.Ol? -.22'1 • 211 10.20 ')l,8 .23 170 27.97 51 .352 57. 0.000 0 )1 'j 0 22.4 iHi L~.lO~ -.06? - .190 .200 9.18 358 • 2 2 180 2 7.5 ') 5"1 .525 51. 0.000 a16 0 72.?fi'-, 14.106 -.01? -.eflO .782 10.20 358 .10 160 26. A5 57 1.362 67. 0.000 a17 0 22.1 (J 0 13.217 -.O'3'l -.297 .299 10.20 358 .15 170 26.67 60 .700 49. 0.000 aItl 0 22.016 t ;>. ? 34 -.Oh5 -.21,7 .25') 9.18 "158 .18 170 26.11 62 .163 15. 0.000 a

I
,)19 0 21.')43 11. ?'H .Oh't -.300 .307 10.11 363 .17 290 25.93 65 .627 I, 6. 0.000 a20 a ?2.4"1 i). l)".O • I'll -.449 .4 [HI 12.15 363 .15 310 25.00 10 1.182 I, 9. 0.000 021 a 23.047 H.219 .110 -.419 .4 <J2 11. 22 373 .08 31, 0 21,.08 73 1. 084 68. 0.000 a22 0 2"1.295 h. '574 .047 -.441 ; 444 10.20 3/;8 .06 350 23.52 77 .364 21. 0.000 a ()23 0 23.4'19 4.9 fl4 .07') -.451, .461 10.50 363 .11 350 23.15 80 .1,54 36. 0.000 0

RMS FRROI< IN COMPU1l0 ORIET SfGMl'NTc; 1. 0145 KM RMS ERROR IN POSITION 1.26U3 KM 23.0BS

,
X I<ANGE 10.000 TO ':io.OOO Ki'1 '( RANGE 0.000 TO : ......ICFflFRL sou 40.000 KM DEVI'j~ in7 KOEVN", 331 ' ...... )

:\.0

I,"
I IINITIAL V .300 MIS 190 Df G LATITUflF 'i<; DFG 15 flOURS ICA" .600 CW- .600 CSa .0020 ex- .0020 I

SAIL ARt A bOO KEf:! A'<F A 2400 SIJRFAC£: AREA 4900 MH2 MASS .500E+05 METRIC TONS
HOUR POSN FAST KM NURTH VH fAST MIS NIlRTH TOTAL WINO MIS FROM CURRENT MIS TO RANGF.IKMI AZIM KM ERROR PCT TOWFORCE OrRa 0 -?.5AO 13.271 -.0'i2 -.295 .300 0.00 240 .13 140 13.52 349 0.000 O. 0.000 a1 a -2.3?0 12. 9'i 1 .075 -.077 .107 0.00 235 .10 18c) 11. 61 31,5 1. 821 89. 0.000 02 0 -2.114 12.5913 .041 -.123 .no 0.00 250 .15 210 9.82 341 1.6Ell B1,. 0.000 03 0 -1.991 ·12. [)9 2 .031 -.153 .150 0.00 260 .17 210 8.10 329 1.927 86. 0.000 aI, 0 -1.941 11.469 -.014 -.198 .1913 0.00 230 .22 230 8.69 318 1. 533 90. 0.000 a5 0 -2.0133 10.712 -.Ob? -.216 .2?5 0.00 230 .23 240 C).45 310 1. 167 84. 0.000 af, 0 -2.191 9.917 -.114 -.227 .254 0.00 210 .21 250 11.11 305 1. 901 101. 0.000 a1 0 -2.8:'8 9.110 -.111 -.?1 4 • 2 4? 0.00 210 .22 240 12.04 302 L 051 96. 0.000 a8 0 -3.205 il.446 -.102 -.14 " .176 0.00 220 .14 260 13.33 301 1.429 109. 0.000 a9 0 -3.516 H.I09 -.07"; -.043 .0136 0.00 220 .05 300 13.33 299 .116 25. 0.000 010 0 -3.632 fl.146 .033 .062 .070 0.00 220 .12 80 14.08 298 .677 87. 0.000 a11 a -3.407 U.4BA .07f! .In .146 0.00 240 .18 70 14.08 295 1.11,3 155. 0.000 a12 0 -3.025 A. 91 e .14h .092 .172 0.00 21'i .1 A 110 13.52 291 1.555 14 O. 0.000 a13 0 -2. 'tA 1 9.170 .154 .05"; · I f>4 0.00 220 .14 110 13.70 287 1.513 156. 0.000 014 0 -1.947 ').30 '\ • Hi .016 .112 0.00 280 .ll 130 14.08 283 1. 4 86 n3. 0.000 015 a -} .5f-I O q. 2 34 .07 t1 -.059 .0C)8 0.00 200 .10 190 11,.1, 5 279 1. 259 119. 0.000 a16 0 -1.3'/6 fl. 9?1 .O?') -.10H .111 0.00 280 .12 220 15.31 271 1.176 111 • 0.000 017 0 -1.415 []. 4 71 -.052 -.139 .140 0.00 280 .17 250 17.04 276 1. 687 lOa. 0.000 018 0 -1.A";3 H.OI0 -.200 -.104 .225 0.00 280 .26 290 1B.52 277 1. 311 91. 0.000 a
RMS EKROR IN"COMPUTED DI<IFT SEGMl'Nl S 1.42U l ; KM RMS ERI<OR IN POSITIONI0.b260 KM 18.0BS

[(F8ERG K024 CAaO.t, C\~aO.6 X RHJGf -20.000 TO 0.000 Kl1 '( RANGE' 0.000 TO 20.000 KM 3 TRACKS

IDFVN· 37 KDEVNa 0





PRDGRAM ICEOR 1Ff S 0 SMITH LAST MDO 9 07 1961

ICEBERG NO.39 CA"0.5 CW-0.6 X RANGE -15.000 TO O.QOO KM Y RANGE -10.000 TO 5.000 KM 3 TRACKS

10EVN- 37 KOEVN" 15
i ,
I
I

INITIAl V .750 MIS 149 OEG lAIITUOE 56 OEG 11 HOURS
CA- .500 CW" .600 CS- .0020 CX" .0020
SAil AREA 5000 KEEL AREA 20000 SURFACE AREA 9000 MUZ MASS .ZOOEt07 METRIC TONS

l HOUR POSN EAST KM NORTH VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGF(KMI AZIM KM ERROR PCT TOWFORCE OIR
o a -10.997 4.896 .386 -.643 .750 16.46 280 .19 250 12.04 294 0.000 O. 0.000 0
1 0 -10.447 3.67ll .148 -.251 .296 16.46 215 .12 250 10.74 289 .343 21. 0.000 a
2 a -9.718 2.832 .265 -.221 .345 16.46 215 .10 180 9.63 2fl4 • 332 23 • 0.000 a
3 a -8.670 2.003 .300 -.252 .392 17.49 280 .13 190 8.52 280 • 095 1 • 0.000 a
4 a -7.576 .932 .307 -.351 .466 23015 290 .13 210 7.78 216 • 598 64 • 0.000 a
5 0 -6.563 -.377 .253 -.363 .442 18.52 290 .17 210 6.67 2 5 • 118 1 • 0.000 0
6 0 -5.738 -1.681 .207 -.363 .411 18.00 280 .22 230 6.20 254 .228 17. 0.000 0 ~
7 0 -5.048 -2.C)56 .181 -.342 .386 20.58 285 .17 250 5.74 243 .410 33- 0.000 0 !
8 a -4.553 -4.096 .085 -.2c)1 .303 17.4C) 280 .22 270 5.93 231 .023 2. 0.000 0 ~
C) 0 -4.157 -5.113 .160 -.277 .320 18.52 280 .13 250 6.67 220 .369 26. 0.000 a N

10 a -3.535 -6.047 .171 -.241 .2c)5 19.03 280 .11 270 6.89 207 .544 35. 0.000 a .......
11 0 -2.BOI -7. 068 .242 -.350 .426 19.55 285 .20 220 8.00 198 .456 28. 0.000 0

RMS ERROR IN COMPUIEO DRIFT SEGMENTS .3654 KM RMS ERROR IN POSITION .4106 KM 11 • DB S

--_._.*~. .---._._--.~-------

ICEBERG (A009 CA-O.h CW-0.6 X RANGE 0.000 HI 10.000 KM '( RANGE -5.000 TO 5.000 KM 3 TRACKS

IBEVN- o KfltVN" 0

rNIIIAl v .4flO MIS 90 flEG LATrTUOE 60 OEG 11 HOURS
CA- .600 ew- .600 «; •. 0020 ex- .0020
SAIL AREA 45 KHl AREA IHO SURFACE AREA -/9 M**2 MASS .ZOOEt04 METRIC TONS

HOllR paSN EAST KM NOATH VEL fAST MIS NORTH TOTAL WIND M/~ FROM CURRENT MIS Tn RANGEIKM) AZIM KM ERROR PCT TOWEORCE DIR
0 a 1.4~c) 1.702 .480 .000 .480 10.29 135 .56 110 2.22 40 0.000 O. 0.000 a
1 o 2.813 1.350 .3~8 -.150 .397 C).77 13j .57 120 3.52 61 .443 27. 0.000 a
2 o 3.804 .C)14 .178 -.090 .200 9.26 164 .33 140 4.54 74 .294 22. 0.000 0
3 o 4.158 .629 .021 -.070 .073 0.14 16B .23 170 5.00 17 .222 "2. 0.000 a
4 o 1.9'-10 .1hC) -.113 -.OH, .136 5.14 10::; .22 220 4.51 79 .213 47. 0.000 0
5 o 3.492 .410 -.157 .100 .190 5.14 190 .19 280 4.13 80 .210 47. 0.000 a
6 o 2.805 .557 -.227 -.064 .236 7.12 335 .30 280 3.10 82 .453 101. 0.000 a
7 o 1.940 .482 -.244 .036 .247 6.17 310 .35 290 Z. 94 75 • 324 38 • 0.000 a
8 o 1.467 .~IJCJ -.008 .01c) .021 11.83 315 .23 320 2.37 62 .370 "5 $

0.000 0
9 o 1.6~8 .~98 .110 -.015 .111 10.29 320 .13 a 2.57 56 .262 98. 0.000 0

10 o 2.796 .744 .537 .106 .548 11.32 300 .45 60 3.C)6 70 • 432 28 • 0.000 0
11 o 5.0b6 .968 .711 .007 .711 15.43 ~10 .5~ 70 p.74 80 .675 H. 0.000 0

RMS fRRllR IN C0I1PlJIED OklFT SEGf1ENTS • :n0C) t<.M RMS ERROR IN POSiTrON .8011 KM 11.0B S



CA~0.9 CW-0.4

PROGRAM ICEORIE. P MCCARTHY

ICEBERG CA03'i

LAST MOO 3 18 1982

x RANGE -10.000 TO 15.000 KM Y RANGE

10EVN- 0 KOEVN- 0

-5.000 TO 20.000 KM 3 TRAft'S

~~)i

i; I)

INIlIAl V 1.140 MIS liB OEG LATlTUDE 60 OEG 8 HOURSCA- .900 ew- .400 CS· .0020 ex- .0020
SAIL AREA 1~4 KEEl. ARF.A 616 SURFACE AREA 380 MH2 MASS .300Et04 METRIC TONS

I GHOUR POSN tAST KM NORTII VEL tAST MIS NORTII TOTAL WINO MIS fROM CURRENT MIS TO RANGE(KMI AZIH KM ERROR pCT TOWFORCE OIRa 0 -6.824 17..310 1.001 -.535 1.140 15. 4 3 300 .63 120 14.08 331 0.000 O. 0.000 a1 0 -3.691 10.333 .856 -.581 1.038 14.92 295 .67 130 11.02 342 .322 8. 0.000 O.2 0 -.812 A • 183 .732 -.601 .951 15. 4 3 295 .56 140 8.43 351 .135 4. 0.000 0< I 03 0 1.505 5.931 .560 -.644 .858 15.95 300 .49 155 6.95 15 .554 20. 4.000 15 :34 0 4.106 4.184 .6n1 -.401 .1'>5 16.45 298 .40 lAO 1.13 38 • 503 16 • 9.000 154 30 '5.911 3.930 • B77 -.201 .901 11.49 295 .31 190 7.59 53 .596 30. 9.000 90'5 0 1.410 3.2411 .831 -.364 .913 16.98 293 .30 200 9.01 63 .523 25. 9.000 90 \)/) a 10.20(, 2.219 .711 -.197 .143 15.43 21J5 .26 235 11 .02 79 1.010 30. 0.000 a7 a 10.91? 1 • h '5 3 .169 -.012 .184 14.40 280 .21 210 11.67 90 1. 531 66. 0.000 01 30 11.?53 1.553 .210 -.041 • 214 14.40 280 • 11 280 11. 6 5 94 .750 69. 0.000 0 I--'
I\J)RMS ERROR IN (OMPUTEO DRIFT SEGMENTS .1630 KM RMS ERROR IN POSITION 1.2346 KM -LOllS I\J

I
. )

INlllAL V 1.1~O MIS 118 OFG LAllTUOE 60 DEG 'I HOURSCA· .900 CW- .400 . CS- .0020 x- .0020
SAIL AREA 154 KtEI. AREA 616 SURFACE AREA :l1l0 MH2 MASS .300Et04 METRIC TONS
1I0UR POSN FA~T KM NORTH VlL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGEIKMI AlIM KM ERROR pCT TOWFORCE oIRo U -6.B?4 12.310 1.001 -.535 1.140 15.43 300 .63 120 14.06 331 0.000 O. 0.000 a1 a -3.691 10.333 • 6 5/:. -.587 1.038 14.92 295 .67 130 11.02 342 .322 8. 0.000 a2 0 -.E1l2 R.lf13 .732 -.607 .951 15.43 295 .56 140 6.43 357 .135 4. 0.000 03 0 1.505 5.931 .'66 -.644 .85fl 15.95 300 .49 155 6.95 15 ~554 20, 0.000 a4 0 3. ? 14 1.691 .363 -.596 .109 16.45 298 .40 160 7.13 36 1.446 51. 0.000 a4 30 3.fH' 2.711 .3M -.498 .617 17.49 295 .31 190 1.59 53 1.005 51. 0.000 a5 0 4. ~9 5 1. 857 .3l!. -.453 .550 16.98 293 .30 200 9.01 63 1.469 11. 0.000 a6 0 5.390 .579 .1 ill> -.256 .317 15.43 2115 .26 235 11.02 79 1.919 56. 0.000 a7 0 6.027 -.011 .11,9 -.072 • 184 14.40 2 eo .~1 210 11.61 90 1. 528 67. 0.000 01 30 6. 3 f,~ -.111 .210 -.041 .214 14.40 280 .17 2flO 11 .1'15 94 .750 89. 0.000 0
RI1S Ekl<lJR IN (nMPUT~O DRiFT SfCMENTS l.ild5 KM RMS ERROR IN POSITION 3.1440 KM 9.085

X RANGE -10.000 TO 15.000 KM Y RANGEICE lJ f k (, CA0 3 ~ (A·O.4 (W.O.',

lQFVN* o KOEVNa o
-~.OOO TO 20.000 KM o TRACKS



INITIAL V .140 M/' 154 DFG LATITUDE 60 DEG o HOURSCAa .:>00 CW- .200 (<;-.0020 ex- .0020SAn AREA 231 KEEL ARE A 941 SURFACE AREA 556 MH2 MASS .200EtO, METRIC TONS
HflU~ POSN EAST KM NORTH VFL EAST MIS NORTH TOTAL WIND MIS FROM CURRENT MIS TO RANGEIKM) AlIM KM ERROR PCT TOWFORCE DIRo 0 -10.964 3.991 .324 -.665 .740 16.46 296 .40 160 11.67 290 0.000 O. 0.000 01 0 -9.694 1.931 .125 -.496 .593 16.98 293 .30 200 10.00 260 .246 10. 0.000 02 0 -8.737 .481 .704 -.303 .365 15.43 265 .26 235 9.26 270

:~H 26. 0.000 03 0 -fL053 -.270 .lB2 - .119 .217 14.40 260 .21 270 B.43 265 16. 0.000 04 0 -7.289 -.5Oh .245 -.059 .252 16.20 260 .20 265 7.50 258 .606 45. 4.000 1505 0 -5.875 -1.931 .45') -.320 .557 14.40 275 .22 355 6.48 249 .615 41. 9.000 po6 0 -3.467 -4.256 .779 -.716 1.059 11.32 260 .26 70 5.46 221 .529 17. 15.000 507 0 .059 -7.908 1.0bO -LI1'> 1.541 11.06 250 .41 100 6.05 180 1.004 22. 15.000 1508 0 3.913 -12.400 L 075 -1. 335 1. 714 11. 32 258 .50 125 10.96 157 1. 236 23. 15.000 150
RMS ERROR IN COMPUTED DRIFT SEGMENTS .6960 KM RMS ERROR IN POSITION 1.0485 KM 6.0A5

PRflGRAft; ICEDRIF, P MCCARTHY LAST MOD 3 If] 1902

ICFBER~ CA03b [A-0.5 CW a O.2 X RANGE

IDEVN-

-1,.000 TO

o l<DEVN- 0

5.000 KM Y RANGE -15.000 TO 5.000 KM 3 TRACKS

()

,.)

,
I

<.)

I
,)

I I
.1.),

I-'
N
W)

I

)

lNITIAl V .740 M/S·154 DFG lAfITUllE 60 [lEG 6 HOURSA•• 500 CW- .200 CS- .0020 ex • • 0020SAIL AIlF. A 231 KFEL AR EA 947 SURFACE AREA 556 MH2 MASS .200EtO~ METRIC TONS
HOUR PO~N FAST KM NORTH VEL EAST MIS NORTH TOTAL WIND MIS FROM CURRENT MIS TO RANGEIKM) Al 1M KM ERROR PCT TOWFORCE OIR0 a -10.9At, 1.'N1 .324 -.665 .740 16.46 298 .40 180 11.67 290 0.000 0, 0.000 01 a -Q • t. 94 1.931 .325 -.496 .ii93 16.98 293 .30 200 10.00 260 .246 10. 0.000 02 a -8.717 .481 .204 -.303 .365 15.43 2115 .26 235 9.26 210 .411 26. 0.000 a3 0 -fl.O')3 -.270 .t 1i2 -.119 .217 14.40 260 .21 210 6.43 265 .163 16 • 0.000 04 0 -7.28Q -.566 • 245 -.059 .252 16.20 260 .20 285 7.50 258 .606 45 • 0.000 05 0 -b.202 -.474 • 3M .12 " .384 14.40 275 .22 355 6.48 249 .677 59 • 0.000 0

f, 0 -4.5 f' 4 .012 • 534 .124 .549 1 L 32 260 .2/) 70 5.46 221 2.439 8 O• 0.000 07 0 -2. "Of, .313 • 6n .035 • t74 11.06 250 .41 luO 6.65 1110 3.341 74 • 0.000 011 0 .OP4 .Oj4 • 705 -.194 .131 11. 32 258 .50 125 10.96 157 3. 494 65. 0.000 0RMS fRROI! IN COMPUTfD ORIFT SEGMENTS 1.9614 KM RNS ERROR IN POSITION 5.0189 KM 8.0AS

x RANGE -15.000 TO
lCEIlEK() [Au3/, [A-0.5 [W-O.2

IorVN- o KDFVN- o
5.000 KM Y RANGE -15.000 TO 5.000 KM o TRACKS



PROGi<AM lCLDl<fFo P MCCARIIIY

CA062 CUflfll'~lIS PU}AHD

LASI MOD 3 1S 198Z
CAw.9 CW~Z.~ X RANGF -10.000 TO 5.000 KM Y RANGE -10.000 TO

JOEV"- 3~5 KoEVN- 0

5.000 KM 3 TRACKS

;)

INITIAL V .4Hl M/5 e7 nEG lATlTUOE 60 OlG 9 HOURS

CA" .900 CW"7.~OO r<;. .OOZO CX" .0020
SAIL APFA 54 KEf!. AREA 716 SURFACE AREA 25~ M**Z MASS .ZOOFt04 METRIC TONS

HOUR POSN FAr} KM NORTH VEL FAST MIS NORTH TOTAL WIND MIS EROM CURRENT MIS TO RANGEtKM I AZIM KM ERROR PCT TOWFORCE OIR

0 0 -0.539 .687 • ~oCJ .OZ5 .470 '3,09 Z90 .11 BO 6.57 276 0.000 O. 0.000 0

1 0 -5. ";4 .3n .51d -.142 • 537 3.0CJ 290 .53 90 5.00 279 .498 31. 0.000 0

2 0 - 3.11 fl -.;>02 .655 -.186 •680 2.57 300 .67 90 2.69 277 .199 9 • 0.000 0

3 0 -.703 -.CJ~7 .63:> -.231 • 1..>73 3.60 295 .64 95 .RO 196 .365 14 • 0.000 a

4 0 1. 4 ~ p -1.071 .60a -.282 • 670 5.14 29!i .62 100 2.94 136 .431 16 • 0.000 a

<; 0 3. 4 '56 -7.988 .50b -.340 • 610 4.12 2<)5 .57 110 4.93 137 .7B5 40 • 0.000 0

6 0 4. :,1 7 - 4. Oi,O .103 -.252 • 272 2.57 290 .2') 150 6.48 142 .643 39 • 0.000 0

7 0 ~.403 -4.'>3f. -.180 -.005 • 186 2.57 300 .22 260 6.20 146 .571 109 • 0.000 0

fI 0 3.479 -4.4911 -.326 .017 • 326 2. 57 300 .36 260 5.93 150 .419 B3• 0.000 0

9 0 2.7?5 -~.025 -.07"3 .260 .270 3.09 315 .31 330 5.17 153 .1 't7 18 • 0.000 0

RMS tKl<llfi IN cnMPUTEO DRfFT SEGM NTS .~"97 KM RMS FRROR HI POSITIUN .7959 KM 9.08S

I A~r MOO h 10 1902
-l

PKlJ1ij'Ari II' tWII. 1\ CA""'t II

IC(llIKI' hJA"Hl ",~ rA.I.O rW-u.> ~ NAMGE -13.000 TO -3.000 KM Y RA~GE

IOEVN. 35 KO~VN. 0

-3.000 TO 7.000 1(1'\ o lRt-CKS

II

r-1
N
,J::.

II

tNll'PI \/ .. t.I·I) t-1/ \ 17 1) II r: I, I A r 11 un F 5~ fHG 13/10W,S
, A. I • IH~ /I r I,J ~ • rJon r"': :c • (,(JIll (: ~ . .GOU,
SAI t I':.'.)!' !\ r"{.'){ Ili:[ I H'f A 17llUl! $III<FAO Ali E A 31)6?~ '1H;> 'lASS .9001:+06 MFIRIC FINS

HUIIII I' il', ~I f ,! < T 1<1"\ I'~ I jI.' III Vrl FA<:r "II':, tHlIHH InIAL WINO MI'i ERnM CIJRRENI MIS Til RANGFtKMI Al 1M KM ERROR PC T TO\4FORCE OIR
() 1\ _L•• }, ,l 1 "j • ~. 1 ? • nt·') -.4'i\ • ~ f,O 4.12 210 .n 110 7.59 320 0.000 O. 0.000 0
l u -!.t • h'\ ~. ~: • i 'J ~-i • I ? J -.049 • 1'\2 6.10 220 • 1 2 110 6.09 315 .908 56 • 10.000 IBO
;> u - 1 .. (j I( ~. -,.7 'j? .1 H -.157 .2:;>1 7. 21 215 .08 170 5.11 30t> 1.002 76. 30.000 204
3 ,) -1." 1, 3. 'j 4" -.Otj-i -. ~ 3l") .~j7 7. 21 220 .20 ?1 () i;.'i6 290 .229 16. 30.000 215
4 () -', • ' 7, 1. 'I'll, - • ") I. ~. -.~40 •• <) 4 9.?7 215 .3t> '30 5.00 212 ."161 3b. 30.000 215
~ (J -';. "I '/ -.1::1 -. 'j? I -.424 • ~ 1 7 'J. 1·/ 200 .?R 240 • •e5 25Q .'11>7 38. 30.000 215
h (\ -i) .. (;'.)'1 -l. 'JI,l) -. 'j I l .- • , 1 I .4 Vi 11. 33 200 .20 ?tiO 7. ?2 ? 54 • 302 2O• 30.000 230
7 " - '1.1', ( -1" ;"j '"'){l -. "j/, 7 -.OP • Jr, II 11. 33 210 • 13 210 8.24 25;> .621 59. 30.000 230
11 d -'.t L'1 -I. f' 7'1 _ .. 'J f.? -.n)3 .lf4 11.33 1 qo • ) II 240 10.19 2% .780 38. 0.000 0
q j) - I .. ~. I. j -[ • ,,'jl. • ! j, ') • (,? ~ .11:>4 12.3 h 240 .25 24ll 10.74 256 .500 90. 0.000 0

10 u - 'J .. fi .:,. :~ - 1.';1 .J
), , - • (HO .?6lJ 1 ) • 3.', ?47 • L i, ;>'t 7 IO.~6 2"'7 • 7tH) 300. 0.000 0.. -f'"

1 I 'I - .11 i -'. [ f 7 " ?;/ L - .. 1 1 :; .in 12~~lH ? 'j 4 .23 2~; ; lO. I') 258 .850 206. 0.000 0
12 0 - 7 • ~' ;; I) - (' .. f) i(/ • ?' 4 -.117 .21\9 1 '1 • 3'J ?60 • ' 3 260 9.Q2 7q • t>26 153. 0.000 0
13 d -I· .. ;; "~'1 - '1. 1ht .. t. Lt {~ - .. 1 ij't .. .( Hb 12.36 2" " ...~ 5 (51) tJ. ') 2 2')4 .616 4 ~. 0.000 0, 0 '

RM':, I ,.' I, If' I Ii r I ,''- " IIf I 1\ I) 1-' I r I ') I 1-: 1'\ r II T ') .te719 KM RM~ I Pf<[JR IN PO~ITlnN 1.441[ K~ 13 .0ilS



ICEBFRG BJARNI 855 [A-I.O rW-O.2 x RANGE -15.000 TO 5.000 KH Y RANGE

IOEVN- 35 KOEVN- Q

-5.QOO TO 15.000 K~ 9 TRACKS



PIHif,f'AV Ifl,'{IF, II r.I\RPrTl LAST '1IHl 1210198"

1(1 Pf~G BV34 fA- .rwo • ~ RANGE -30.000 Tn 10.000 K~ (~ANGE -'0.UOO 10 40.0l0 K~ "FUN_ 27 ~nFVN. lnu-,. I

1 rli f J\ I Pili ',;) ,) (l. 1 I ," f ',' I '" II ? 4 I) 0 ...." .. J ....... " ... • ~ ~ .. "'" •• __ .. .... , " • ~" ~

1'~III'1 I' ,1'1 ,;r, '/I, Ill'" lAilTlJDf "/1 DI:(j 4tl 1I0lJl{S
CA ~ .! i ' '1 • I,,) t \~ "... ,,( I j) ? () (" 'I... ,,0 () 2 n
SA I I "I,' t, '" 'I {\ r ! 'I I\,.J 1\ " J f; () 0 SII RFA(f. AI< f. A 3lJ 000 M*+? M1\ $ S • ') 0UF t U7 Mf II< I ( TON S

HIlll') i" ,; 'P'I "'I t1lliiJ'1 VII /11',1 MIS NIJR1H rnlH WINO MIS FROM CURRfNf MIS IO RANGF(KM) A11M KM ERROR peT TOWFORCE DIR
\., u 1\ -n,)"4 -l.J!)J -.111t, .056 .120 9.3u 150 .3lJ 90 22.22 267 0.000 O. 0.000 0

1 I) -!1.'1I7 -.ILI .lf4 .05'> .171 9.30 l!;'O .31 100 22.41 269 .680 85. 0.000 0
? "-»).'1(, _.,;e", .?'d -.017 .245 Ill.tiD 160 .11, 100 22.41 270 .636 214. 0.000 0
] n -2n.~/l -I.IOG .'11 -.080 .252 9.30 180 .32 100 22.41 271 ~.OB8 27B. 0.000 0

( 4 Ii - 1 J. ' t,j - J • 31 i • jill - • 0 (, 5 • 1 '1'1 'I. dO 21 G • '~ 2 100 2 2. 4 1 27 1 • 8 24 0 • 0 • a0a 0
I, (, -11.','1,; -I.'.n .1h .024.127 9.tiu 270 .32 100 22.41 271 .573 O. 0.000 0
h [) _[.>.1.,] _1.)'(. .10~ .07'; .174 7.70 210 .26 90 22.22 272 .260 60. 0.000 0
7 1\ -1".1"1 -!.OI'1 .l?J) .0,,, .136 9.30 210 .33 100 22.22 272 .465 O. 0.000 0

( ,I \I -j(J"u -.in' .l:j'J .042 .14~ fl.?O 200 .30 90 ?2.22?73 .522 135. 0.000 0
' '! () -1I.JI4 -."'~ .bi .001 .1",;1 1,.20 210 .30 90 22.22 273 .528 O. 0.000 0

10 <! -h.il? -.!,~() .Pt .OJ! .112 'LBO 210 .~9JO 22.04 273 .384 207. 0.000 0
]1 \> .. jl,.~l1 -.l!? • tel;' .021 .10n 9.30 210 .Zll 100 20.74 275 1.085 73. 0.000 0
]2 ) -J',.'1'7 -.')~I • Of') .O?] .O9? -i.30 220 .?fJ 90 21.48 276 +.126 136. 0.000 0
11 (J .. l " ,t) (, - • I) 'Ii) • 1I 'j '~ .0 b 7 • 0 &') 9 • 30 2 30 • 29 8a ;;> 1. 30 277 • 201 48 • 0 • 000 0 I-'
H Ii -l',.'''''J ,?~;~ ,Oh2 .1n .141 9.30 230 .34 Au 20.93 277 ,429 116. 0.000 0 N
1", ,,'·h.?j(, .7103 • (l/IO .147 .167 9.30 240 .31 90 20.31 27il ;405 61. 0.000 0 0)
If, iI -1~,'JlI 1.:>,,1, .n'i7 .126 .I~Q 9.30 220 .11 '10 19.45 279 ,113 72. 0.000 0
11 ')-1'1"';' 1.'""', .(,>')') .0fl4 .10b H.30 230 .26 90 19.08 280 ;151 30. 0.000 0
1tl 1/ -1~.1·7 1.'1(1'1 .i1,,7 .069 .09(, 8.20 2?'i .?b 100 1f'.71 2f\1 .216 44. 0.000 a
1° " - I ~ • Jl'1 ? • ] ~' 7 • () ij 7 • 071 • II? A • 2 (I 2 3 5 • 'n 100 III • 33 2 fl a , 633 1 2') • 0 • 000 0
2(; (j -D.7H'1 ?41', .(1'14 .ull .110 <1.20 23? .25 100 18.1'i 2li1 .076 21. 0.000 0
2J I) -IL~/(I'.fO? .,,'1'1 .09!> .13'1 D.70 235 .?9 90 17.78 2F.l .361 98. 0.000 0
22 II -]'l,(,IY 1.n"'j .llt, .10 ') .1"-9 "'.70 205 .7.7 90 17.<'1 282 ;166 35. 0.000 0
23 ,) -P.I'.~ 1,"'1 ,11'1 .(I'n .I!>!> 7./0 191) .,lI) 90 1.7.22 21'1 .235 66. 0.000 0
24" -Poi"'? 1.'1',1 .14i .07', .167 7.;>0 19'i .29 90 H.67 284 .171 27. 0.000 0
2'; 0) -I 1. (,('t, ~.ull) .11d .u70 .1')4 H.H0 200 .1:l tltJ It..ll 2116 .226 28, 0.000 0

21, II -11.1'\7 ~,''''(' .lin .IW!, .1~1, 'J.8u ?IO .Vi 80 15.74 2HH .15& 24. 0.000 0
2 7 \I - 1 ,., , i' J ? I, ,1-, I 'I ,(: H 't • I (,I, • J 1 '. 1 [). 3 () 2 10 • '3 3 8 0 1 , • 1 ~ 2 tl9 • 3 4 9 5 6 • 0 • 0 aa 0
2,] u ] u • ' l,(, ~ .), ~ • 0 ~ I • 0 (j? • 1 0 () 1? • <,0 ,. 20 • H 8 n L4 • 6 3 291 • 4 84 64 • 0 • 000 0
29 \J --1,),1,,1 ',.?,,, .r<' '(\7'1.100 11.3;) 22n .14 1)0 1.3.33 293 1.270 92. 0.000 0
30 n -10,0')7 ',,'I! ,n')] .Ubt .In lldO 225 .16 90 12.96 296 .385 49. 0.000 0
31/) -n.lll '."·,n .1u) • (Jt,:, .U7 11.30 225 .15 100 12.04 2911 .831 90. 0.000 0
3i () -' .• {)l~ i.I'p .'J~I; .IIJfl .31,2 Il.31) ZOO .72 100 Il.4A 297 .371 63. 0.000 0
31 II -i.'l(,~ ".111 ,Hd -.OJ? .310 P.41) 200 .'l1 90 10.93 300 .542 67. 0.000 0
3ft ,I -',J(,( 1,,1',1, .1"? -.046 .1','1 1l.,,0 20'i .J! flO 1.0.19 302 .115 14. 0.000 0
3': j -: .'''1'" I,.?,'" .?~'. .110 .?I,7 12.40 21~ .6" 90 9.t.3 305 .1'17 19. 0.000 0
36 " _"JI' '."Ill .Jt! .'t:?l .3<". 1?41J 220 .70 110 11.89 312 .2114 21. 0.000 0
37 !I - " , I I, l. I, 'J ' • ?' 4 • 1 ') H • ? CJ 'J 10 • ., 0 2 20 • 11, IOu f\ • 33 31 6 • 7" 8 9 1. 0 • 0 0 0 0
31\ ,I -:,.',:" 7.')'", ,11~ .(;10; .1311 13.4,) 230 ,13 Ilia 7.70 319 .464 66. 0.000 0
'3 I) l) "I • I I () " , I)', ~) , (, 1,1 - , () 0 j • (111 11, u 0 210 • ? <) 10'i 7 .4 1 325 .5 'i 9 6 ~ • 0 .000 0
4u " -:."'1 1.')1'0 .111 -.ul'•• (:34 1l.Bd 230 .?~ 10 l j 6.111 330 .790 82. 0.000 a
41 n -i.''''') I.»,'" ,j\{I'/ -.O:l'i ol,~O 11.30 220 .?1 ltO b.3l! 337 .815 93. 0.000 0
4? II -c,I" 1.'\(, ."l4 -.M,j .CJ71 11030 200 .~o lot) 'i.93 348 1.211 99. 0.000 0
~'3 " _?' I 7.'.7, -.!)'11 -.UI,? .lJf~ il)'1() 210 .17 flO ~.'j6 3~h .814 02. 0.000 a
~, II --',"'1 7.IJ~ -,,,rq -.OIJ .(\?9 '1.W 200 .1') 90 5.lQ i .730 97. o.oon 0
~ ., I, -' ; 7 7 • " J • I" ' . iJlH • (\ 1 ,: I, • :> 0 2 1 () • 1 9 1 u0 <, • 1 4 1 1 • (; /; 7 9 2 • o. 000 0
4/; 1J -".1 I) I.'I() .""(1 -.(2) .04f, '!.:l1l 200 .16 110 ~.37 lq .'ill 79. 0.000 0
47" '1 1.:;/', .11/ -.l,B .(,71 i.'jl~ 210 .11 100 ... 74 "I') .741 'It,. 0.000 0
;',1 " --',f I'! 1.,1", -"lj,:, ~.(j17 .0",2 1'.4/) 2?0 .23 AO 6.4(1 30 1.106 121. 0.000 0

.. ' ..... ,- .... T Tn', 'l ",.." I' ~A '. 0 n q ("'"



PKUe i' ~~. 1(L [IQ IF, II (' API~ ,: r T I AS T NOO to 10 19H~

lei tlP'(: H\I~" (A-n.1 (W-O.4 l( RANGF -6.UOO TO 6.000 1<.11 Y RANGE -6,000 TO 6,000 KM o TRACKS
If)FVN~ Q KQfVN" 0

I NIII AI \I • I "0 '1/' r,t) n r (; I AI IT Ull f 5f> DEG 13 HOUR S
CA- .IV) L \..1 ~ • ',00 c,- , nOLO Cx- .ouzo
SA lL .\" F \ ., In KF I I AR r- A 1UO ~IJRF AC E AkFA 2')00 MHZ MASS .134Et06 METRIC InNS
IHILIP [',J .., -j I A~. l r(~1 N!lRl'l IILI fA'll /11 '> NOR HI TllT AL I/INI) ,1/5 FRUM CURRENT MI S TO RANGFlKMI AZIM KM ERROR PCT TOI/FORCE DIR0 I _'-, . on', -4.1'1) • 1 j,~, 0 .090 .1 RO 10.30 ?'iO .10 90 b.56 231 0.000 O. 0.000 01 u - -'t • it (I ~~ - ~ • 11 C)l) .? 1<.) .Oti2 .234 fl.dO 240 .19 f.,0 5.91 230 .136 21. 0.000 0? n - L"'l/ --'j, "14 .26:) .OA4 • '2 73 11 • AO 240 .17 qO ~-. 00 2?6 .061 6. 0.000 0

1 u -?,hl<.J - '1 • ? l~ tl .741l .0')7 .2~7 (j.20 no • 16 AO 4.39 2n .218 30. 0.000 04 d - I , "'j? -j .ut>., • ?()I) .070 ./74 11. '10 no • ?;> 1\0 3.54 216 .248 27. 0.000 0~ 0\ -. "-lei -;.: .7r,'J .711 • I 03 .7')'5 b.20 7Z() .21 'iO 7.59 201 .259 21. 0.000 0.., ,) - • ()., 7 - 'J. /7') .1 "l .174 • ? ~ ~~ 'J,3u ??n .2 ? 10 2.19 179 • 340 34 • 0.000 07 (l , f f, 0, - 1. 77 l • ?? '1 • 0 11'~ .?47 '). 10 ?OO • 2 ~ 100 2, 11 150 .359 33. 0.000 0h 11 1 .. I: 'J n -1. ')lJ) .:; 17 .019 ." 1 'I h.70 InO .20 100 2.48 131 .086 10. 0.000 09 () ? .. ') II f -] ,I, ')0 .. / 1u .u~" • ??:) 9.30 170 .20 '/0 ? fl 0 120 .1. en 49. 0.000 010 II 'i. d ~ .~ -1 , ?j j • 1( 'J , () t, 'I .17'1 9.10 lAO .10 <)0 3.22 111 .121 19, 0.000 01 I u J.' 1 q --. 'J" 7 .Il'! .Ob\ .117 Q.11) IBO .06 70 3.67 105 .077 II, , 0.000 0l? (J 'j .'11 i - , h!.. 7 , I ] ... ,Otl'l .1 4 ~ I0.30 200 .nll 90 4.19 99 .216 33, 0.000 011 t1 i l .. l' .~ - .. ;J?p ,ll'i • I hi) .201 15.40 1 'JiJ • ,) 9 40 4.AO 92 • ?31 28, 0.000 0

"')

.) i

o

{i)

5);

! Ie)

II-'
'N
, '-'l)

)

" >

RM:.' IPI-F' It I CI,t1')~JPII 1l'.:111 \,(;"11111' ,t.!. 4 7 K f1 RM~ ~~NUR IN POSITION .2722 KM 13.08S

.,)

.) I



P ~ , " .', .\ 'I I (I I jI.' I I, 1\ [' IIIJ k I I I I II';! ·">no 12 10 l'It'?

I (I I, I ,n I J II ~ C f. - () • I r \J • 1. ; \~t rt I It H II

THi" I, I I ", I I ). (I t) 1\ • r II I 1:\,1 l I '1 II ? 4 () 0

x KHIl;( 10.000 TO 35.000 KM Y RANGE~-25.000 TO 0.000 KM DEVN- 5~ KDEVN- -17 , )

r tll I I t'l V
C A.:. .11 IJ

') III I III I A

.'"',(. '1/' ')11 Ii!!. (.\lnUIlI: fO IlH; 17 IHIUI<')
l'j'I,',,)iJ CO; •• (;I)!t) I''t •• 0UtO
: \ ) ('I' V I I I ~ 'i" II I,> (I u ;', ' II RF ACl ARr A <) <) 000 M*~ ? MASS .200EtOB MEr~IC TONS

I )

IIlltl! 11 '1 \ I~ ", I 1< :-"\ 111l'llti V' I 11\': r t'/') NilR Ttl Hil At WIND MIS ERlJ/1 CUPI<FNI MIS Tll RANGE(KMI AZIM KM ERROR PCI TOWFORCF DIP
"

il ; 'I. 'J I, n - 1 I • 7 '1l) -. '; I" • 1 7 >, .360 P.'3h 140 • ? b BO 34.63 11<) 0.000 O. 0.000 aI 01 I. ) " -It., '17'\ -. ? 11 .07') .?Ul 12.8H 140 .2 f, 120 33.52 119 .137 12. 0.000 a)

"
;, .; • ~, \I -II , 1

'
,7 -.! I' .065 .{'Pi, 12.36 140 .26 130 32.0~ 120 .594 37. 0.000 0

" ~_ ( • :- j ~i - 1. ~ • tl:> (I -. (' 1-... .0',9 .;:77 10.30 1 1 5 .26 320 30.00 120 1.107 54. 0.000 a~ 0) /- ti • / '"J I - I '" , I '. ,j -. ?1 () .u~2 .29~ 9. /9 120 .2 il 340 29.26 }20 .414 56. 0.000 a f-J.J ;; I, • ~"'~ t, - ) ~, .. I tIl - .. ? 1!1 .07'J • ? 'I 'S 6.70 1'0 .23 1~O ?A.34 120 .339 37. 0.000 a N" r l ""1. ')i"t - I ' , 17,; -. ')-1 I , 1 1 ~ .?6~ D.70 140 .20 3<.0 28.1<; 119 1.042 196. 0.000 0 00i u " j • ' '~-j - I " . It () - .1 ! ) • Itt! • ? 2 A 4. l? 1 'j I) • 11) 10 27.97 119 .704 380. 0.000 0-'\ ,I .~ 1 .. 1 ) ( " I -] " • 'u 1 -.11.' .136 , 17(, ? oj t 10') .10 20 27.97 119 .731 O. 0.000 a-', " ) '1./,(," - I" • ? (II I) .. (j(l () (), (J()I) 1).000 ] • ') S 11 ~ .09 20 28.34 119 .310 100. 0.000 a-lu .~ _1 • t.!\ \, - I " , ),,] U .. l}() IJ O. (i()0 O. (\00 O. Oil 3/,0 .01 100 2A.22 120 .506 100. 0.000 a1\ / j • I I " -] " , ! , 7 .. ~Hl t • (,0 1, .(iL7 o.on 3b0 .03 2;>0 2fl.1l 121 • ~ 11:1 103. 0.000 0lJ " ") ',~ .. U Ii t - I '•• '. 1 7 - • (I '1 ';j -. (i? 1 .0',1 11. 'H 300 • 14 '.no zu.oo 122 • ~ 71 94. 0.000 aIi " ) ( . j/\ .. I I, , j' ,. - .. '.Jr, 1 -,Ltd • ()'j A 11. A'S 110 • llJ 290 27. P9 123 .263 53. 0.000 a]" lJ / ( ."1', / - 1 I, • ' i ( -, , I ' I, -.10i, , 'I tl7 9.'17 310 .cR 310 2/.7fl 124 .010 6. 0.000 0l' ) 1 • j '.' f, -1", .. Ij!.t, - . )'~ \ -. (, ') 1 • ? I) :J 1.71 330 .2,j 'cO ?f.115 126 .'SH6 44. 0.000 aI' II .' (J .. '1 I .~ - l ~ . ) .~ 't - .. ,) j ':', .l;ll') .. ? ~ ' j h. 1 <i 340 .n 35,) 2').~6 12ft .714 45. 0.000 a1'1 (, (' ',J .. ,1'1 :'t - t ~ .. I) (I~; - , 1 {' • 1 I (I , ?II ~ .. 1 .) po .1 H 30 24.63 129 • 189 Iti • 0.000 0
Ii ,1 " , [Ii 11'1 r:jl·-\')\J Ill) !!h' II I 'J f t, .\! 'i I ~ • j~ l; J;. 'j '(1'1 I<M~ Fk R.\.)" IN PO) fT ION l.t4H'1 KM 17 .01\,



PROGRAM ICEU~IF~ B G.RRFTT tASf MOO b 10 1982

ICEBERG GI7B fA-0.I0 CW a O.l0 X RANGE -40.000 TO 10.000 KM Y RANGE -10.000 TO 40.000 KM o TRACKS
lDEVN- o KDfV~- 0

,.
INITIAL V .010 M/5 A7 nEG UTITUDF 54 DEG 44 HOURS

~,

CA- .100 Cw- .100 CSa .0020 CX- .0020
SAIL ARFA 14000 KEEL AREA 56000 SURFACE AREA 38013 M.'2 MASS .500Et07 METRIC TONS

\ (::;
HOUR PO~N FAST KM NORTH VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGEtKMI AIIM KM ERROR PCT TOWFORCE OIR0 0 .904 -10.312 .010 .001 .010 8.80 147 .40 330 10.37 1H 0.000 O. 0.000 01 0 .449 -9.930 -.215 .192 .288 9.30 146 .45 330 9.82 175 .434 78. 0.000 0? 0 -.~Of, -9.009 -.306 .322 .444 11.80 155 .49 330 9.f> 3 Fo 1.076 428~ 0.000 0 t.:3 0 -1. t,I'"I -7.6('8 -.338 .440 .554 10.30 155 .48 330 8~70 15 1.343 14 3, 0.000 a4 0 -2. ft 5<) - 5. fJ'"1l -.304 .516 .599 10.30 150 .43 330 a~p 171 1.468 234. 0.000 a5 0 -3./11? -4.012 -.235 .HO .562 10.30 150 .36 320 7. 2 178 t.248 p3. 0,000 a6 0 -4.~41 -2.2M -.153 .4&0 .485 11.30 155 .23 310 6.11 178 .924 83. 0.000 a7 0 -4.9h? --.704 -.091 .406 .416 1 L80 155 .2;> 320 5.37 178 .912 123. 30.000 270 ......

B 0 -5.575 .h84 -.200 .366 .417 10.30 165 .13 320 4.82 182 .858 130. 30.000 225 N
9 0 -6.306 1.764 -.?52 .255 .359 10.30 160 • 21 320 4.82 193 .969 105, 30.000 225 1.0

10 u -"l.3Q6 2.h04 -.3 1,5 .?19 .409 10.30 160 .24 320 5.19 202 .981 113. 30.000 22511 0 -H .11)9 '3.174 -.42< .210 .471 10.30 165 .29 110 5.56 215 .512 42. 0.000 012 _ u -10.1f."I 4.149 -.360 .321 .482 8.20 160 .35 320 5.46 228 .530 42. 0.000 a13 0 -11 • '3 -18 ~.652 -.122 .403 .516 11.30 160 .40 320 5.00 244 .804 53. 0.000 a14 0 -12.,00 7.254 -.296 .486 .~69 11. 10 U5 .45 330 5,17 262 .506 32. 0.000 01:i 0 -13.4<)0 9.10i1 -.247 .531 .5il5 9.110 154 .41 330 6.15 283 .214 12. 0.000 016 0 -1't .268 10.9BIl -.18'1 • 501 .515 11. 30 153 .34 320 7.63 298 .323 14 • 0.000 a17 0 -14.P5,~ I? A96 -.1 J 9 .• 452 .473 10.30 I'll .21 310 8.70 311 .865 41. 0.000 018 0 -15.?79 14.17 'i -.099 .154 .368 9.30 121 .19 300 10.31 320 .822 31. 0.000 019 a -b.576 1 S .291 -.061 .286 .292 8.80 131 .11 340 11. 67 325 .564 35. 0.000 020 0 -15.731 -16. ?61 -.027 .249 .250 'LdO 140 .08 310 13.15 331 1. 083 55. 0.000 021 a -1 'i. P.Oj 17.1?6 -.Old .245 • 245 12.90 146 .09 335 15.00 339 1. 958 13 • 0.000 022 () -1'J.t170 10.029 -.0113 .249 .250 11. 80 146 • 10 310 15.37 341 .576 69 • 0.000 023 0 -1').949 In.f1'l2 -.02'1 .no .232 10.80 140 .14 110 17.22 344 1.208 59. 0.000 a24 0 -II, .131 19.707 -.DE? .22il .242 12.40 140 .27 310 18.89 344 .834 50. 0.000 025 0 -1/,."'47 20. ,)" 2 -. 1 'tl .232 .273 10. tlO 146 • 30 300 18.89 340 1.498 114 • 0.000 026 0 -17.133 21.373 -. I 'JO • ?31 .?93 10.30 145 .31 1t)0 21.48 142 1. 894 71. 0.000 a27 (J -17.A25 ??lY3 -.20, .?19 .298 9.30 150 .33 290 2 7. 78 346 5.736 88. 0.000 02f\ 0 -1 fl. "11 () 2?.')47 -.?I':> .204 .296 9.30 145 .30 290 28.11 347 1. 050 100. 0.000 029 0 -1'1.11~' ?1.741, -. ??J .256 .337 11.30 140 .21 330 28.71 348 1. 449 289. 0.000 030 u -20.100 2".7f1() -. Ull .302 .352 10.30 140 .17 310 32.04 350 2.693 71. 0.000 031 0 -20.639 7:J. 'J 3 3 -.117 .276 .300 G.flO 140 .10 300 33.71 351 1.076 61. 0.000 032 0 -?ll.91(, ? t.. 74'1 -.04,J .232 .237 9.30 145 .03 290 33.71 352 1. 207 205. 0.000 a33 0 -20.9')1 27.4(11, .012 .1 a3 .183 7. 20 150 • 01 240 33.71 352 .751 O• 0.000 034 0 -?0.1\10 ?H.O'itl .0 5 '1 .129 .140 '). ! 0 175 .02 2:i0 34.26 352 .204 37- 0.000 035 0 -20.!J1f. ? t~ • "0 'i .00'1 .065 .094 3.10 150 .05 250 34.08 352 .573 309. 0.000 03 I, 0 -?O.413 ?n.'}?~ • 0 ~ 1 .002 • 051 2.60 255 .OB 270 33.89 352 .360 194 • 0.000 037 li -Zu. :hl~ ? ,1.43,) .000 -.050 .050 7.20 3hO .12 ZYO B.89 352 .135 O. 0.000 03fJ 0 -?0.4~4 2', . 1 41, -.IH,-j -.115 .143 11. 80 5 .16 285 33.71 351 .411 tJ6. 0.000 039 () -20.q~o 27.h?" -.19 7 -.168 .255 13.40 1') .18 280 34.08 348 L 431 79. 0.000 04li () -:> I • HI 1 ?1.011 -.21'7 -.162 .325 11 .30 13 .21 280 34.45 34') 1. 113 61. 0.000 a41 0 -22.~/?b 21,. ~ 17 -.321) -.090 .339 8.80 24 .19 295 35.19 343 .1190 63. 0.000 0,,? 0 -24.0'10 2 fl. ~-i I-j 2 -. jl)l.} -.022 .310 11.30 1 ') .11 300 35.19 343 1. 118 O. 0.000 043 0 - ? ~~l • 0 ~1 8 :>(,.14 n -.213 .021 .239 8.flO 12 .03 330 34.63 342 .918 111. 0.000 04" I) -2t:,. 7()~) 26. 't" I -.l~,) .033 . ]t,? 10.dO 0 .03 35 33.34 341 1.628 114. 0.000 0
R/15 t f! k 1Ii< PI (' W1PIllf Il Oil I fI SF Ci1,. 'I I ') 1. 3u24 KM RMS fRKIJR IN PO~ITIONI2.2516 KM 44.0115



,~

I

PKlJC,i<AM ICUJKI f. B GARI'IETI LAST MOD 12 10 1982

ICFfll=l{(; GI41 r:A~2.(J n"-0.6 X RANGE -15.000 TO 15.000 Kt'I Y RANGE -20.000 TO lO.ooO Kt1 OEVNI> 38 KDEVN- -36

( ,~ THL CA LI~[T ?OOO. THF CW LIMIT 2.400
I '-

INfTIH V .320 'lIS 302 DFG LATITUDE 59 DEG 40 HOURS
(A~2.0uO eWe .bOO (Sa .0020 (X- .0020

( "
SAIL ARFA l\iOO KEEL AREA bOOO SURFACE AREA 4300 MH2 MASS .200E~06 MErRIe TONS
HrJUR POSH FAST KM NrJRTH VEL EAST MIS NORTH [OIAl WINO MIS FROM CURRENT MIS TO RANGE(KMI Al 1M KM ERRoR peT TOWFORCE OlR0 0 13. fl51 -15.934 -.211 .110 .320 b.l0 80 .Ob 353 21.11 139 0.000 O. 0.000 a

1 0 13.11fl -H.2Q -.152 -.141 • 211 6.10 70 .03 353 20. 'H 140 .653 79 • 0.000 02 0 12.Alb -16.191, -.Ot.? .099 .111 4.60 200 • 03 13 19.82 142 .550 61 • 0.000 a3 0 12.74~ -1'i.904 .002 .12? .12:> '3. 60 210 .01 123 19.63 142 • 350 189 • 0.000 0 I-+'
4 0 P.717 -15.'i?? -.027 .091 .091 4.10 200 • a 4 233 18.89 144 .974 97 ; 0.000 0 05 0 I ~ • "''J 9 -1'i.236 -.033 .066 .073 2.60 200 .03 263 17.78 145 .899 18. 0.000 a 0£> 0 12.1~,2 -14.ililfj -.121 .1'11 .166 'ida lila .05 323 16.85 141 .717 70. 0.000 07 0 11.91~ -14.3~R -.luB .154 .1 Rfj 3.10 180 • 09 3 16.48 147 .329 69. 0.000 0H 0 11.407 -13.8Jl) -.198 .121 .n? 4.10 160 .13 320 15.Q3 150 .697 69. 0.000 0CJ 0 10.f,l~ -13.182 -.224 .11,6 .?O7 5.10 160 ' .11 340 14.45 155 1 • 093 5 5 • 0.000 a10 0 CJ.732 -12.'l3,) -.277 .0 B7 .290 6.20 140 .10 320 13.10 I'll> .612 83. 0.000 a11 0 !l .71 A -12.f.01 -.2fW .112 .301 7.70 140 .07 360 12.59 155 .866 1B. 0.000 0I? 0 7. h 7 ~ -12.1'11 -.102 .115 .331 7.70 150 .09 330 11. 30 158 .492 3 1,. 0.000 a13 () 6.601 -11.1,0'1 -.29? • 170 .338 10.30 150 .04 50 10.37 160 .430 4 3. 0.000 014 0 '1.1,91 -11.0S4 -.211 .112 .249 7. 70 150 .OJ 70 9.26 163 .346 28. 0.000 015 () 4.tH:0 olO.I>Ol -.241> .117 .212 7. 70 uo .1) 3 330 8.33 164 .564 60. 0.000 a16 0 4.043 -10.158 -.214 .136 .251, 7. -(0 160 .01 300 1.00 166 .804 59. 0.000 017 0 4.(JOO -'1.(l')2 .2'n -.Or.5 .300 10.30 320 .01 210 6.H 163 .510 74. 0.000 018 0 4. '\? fl -'-J,<)00 -.215 .1 b'l .286 10.30 170 .05 260 5.63 164 .930 118. 0.000 01G () 3 .. ~:;~) B -'i. lAO -.161 .2011 .263 10.30 180 • 01 183 1).00 165 • '>31 83 • 0.000 a20 () 2.fllR -tl.'i3? -.?~5 .14L, .302 7. 70 leo .16 283 4.82 110 .627 134. 0.000 021 I) 1. tll, <) -7.b8A -.2'>4 .347 .430 10.30 200 .17 323 3.30 179 .631 38. 0.000 a2? 0 • '-112 -/'.3<\7 -.273 .306 • 4~· 7 10.30 200 .20 323 ?69 196 .603 56. 0,000 023 0 -.023 -~;.071 -.21, ? .%4 .437 10.30 195 .14 333 2.31 218 .638 63. 0.000 a24 () -.7?~ -1.617 -.142 .L,'i0 .47C 11.30 210 .14 353 2.44 245 .624 55. 0.000 02" u -1.221 -c.ORO -.1',2 .3'18 • L, 23 10.30 200 .10 3 Lin 260 .999 F7 • 0.000 02t> 0 -1.631 -. fin -. Del .271 .2 A3 7.70 200 .03 13 3.L,8 269 .826 01. 0.000 027 a -l.q1f, • 1() ') -.Ob3 .2t10 .292 -(.70 200 .05 13 4.07 272 .633 133. 0.000 02M f) -?I L, L, 1. 1 L,? -.O3'! .2% .?49 tl.20 210 .04 23 L,.69 275 .854 131. 0.000 a2'j ,) -2.?~9 2.1 n -.0>1) .214 .n'i 7. 70 210 .03 23 5.15 277 .876 177. 0.000 030 IJ -? .1') '" 3.207 -.Old .304 .30-, L 70 210 .01 13 5.63 281 • 652 107 • 0.000 a3\ 0 -2,h~J~ L, • :I 7" -.10 'I .3L,L, .359 6.70 210 .17 3 6.04 279 1.308 2B 1. 0.000 032 0 -3.P":! 5.4] S -.19S • 22'S .2911 5. 10 190 • 17 330 6.61 281 .724 11 B. 0.000 a33 0 -3.199 f.. 315 -.111 .2"h • 3 1R 1>.20 210 .1't 31>0 1.2::> 2Al .7B3 12B. 0.000 03', () -4.207 -, • "I i>l - .1?7 • Z711 .306 <·.10 lAO .1'5 20 7.91 2fl2 .816 117. 0.000 03') () -4.412 R. 1 »2 .03,j • 1 ~.6 • 1 hI ').10 290 • 12 350 &.4" 283 .603 105 • 0.000 0:If Il -L,.24} (J. ". til .(IL,;> .06" .0Ul 2.60 Hu .1 1 20 Q.20 2A2 1.013 134. 0.000 a37 0 -'1.?00 R.71L, -.020 .041 .05] 1. ~O 90 .08 ?O 9.L,5 281 .436 150. 0.000 031'1 0 -4. -HI? fl • ~) 2() -. Il{," .n07 .067 2.1,0 '10 .03 50 10.19 281 .546 7L, • 0.000 03ll 0 -4. h 7') f!. f 1 9fl -.10 \ -.Ob2 • 1 '3 I) ·'.10 70 .04 30 10.93 2AO .472 62. 0.000 040 u --j.]", 1 11.4'11 -. 171 -.uOiJ • \ 71 ? 10 120 • 03 360 10.7'• 279 .623 235. 0.000 0

RMS fi.~RI)'" IN CI1I1,)IJIfO DRIFT Sll,l~FNTS .7? 9 ~J Kt1 KMS f~kOK TN POSITIn~ 4.1~97 K" 40.nAS



:')

)

PI< lIGi' Ar·\ 1crill;> 1F • 11 GAI<Rff I LAST MOO 6 10 1982 ()

I CI III i< b l~ I 4 "3 (A°1.70 (1,/-0.10 X RANGE 0.000 TO 15.000 Kt1 '( RANGE -5.000 TO 10.000 KM o TRACKS

~OfVN· H KOEVN- a ....)

I Z.,I
IN J TJ AI V • ] "/1J M1<; 17<1 DIG LAT (TUOE 49 IJEG 33 HOUR S
(A·I.70'1 rw- .100 (s- .0020 (X· .0020
SAI L II r !" II hOOO 1< I II AI<FA 24000 'lllR FACt: AR fA 2050u MH2 MASS .250Et07 METRIC TONS

I.
HilUh' I'I]SN Fh~:T 1<1-1 NflRTil VEL FA ')1 '~/S NllRIH TflTAL WINO MIS fROM CURRENT MIS TO RANGF(KMI AZIM KM ERROR PCI TOWfORCE OIR

I-'() I) 14. ,",,, f .• 7"11 .00"1 -.170 .170 LOO 310 0.00 0 15.93 65 0.000 O. 0.000 aI () l4. 34 'i t .. 1'1) 'i -.047 -.12;> • 131 0.00 0 0.00 0 t5.56 65 .1,46 12 O• 0.000 a w2 (I 14.111 ~ .. R h 7 -.Oh7 -.056 .OA7 2.60 190 0.00 0 15.19 66 .061 13. 0.000 0 ~,3 0 l3 .9 l "j "" 'j '17 -.u~O .035 .OA1 2.60 190 0.00 0 11•• B2 67 .357 79. 0.000 04 0 1'\.7il) t." 1)'1) -.019 .061 .061, .50 300 0.00 0 15.37 66 .591 96. 0.000 a5 I) LI.773 f •• ?'H .OOL) • I) 'j' .uS3 1. 00 170 0.00 0 15.00 67 .636 140. 0.000 0i, I; 13.hPC; tJ.11D olJ/u -.029 .075 4.60 l20 0.00 0 15.00 71 1.099 105. 0.000 a7 0 [4.1 'i9 ~: • '/9·/ .075 -.no .150 2.60 32'5 .01, a 11,.R2 72 .1,01, 127. 0.000 0H n 1~ • 3 f j >:. • ~.: ? ') .()20 -.124 .126 1. ,0 2eo .02 40 1 1,.45 73 .456 101, 0.000 0'-I 0 1it • '17 f ~ ... 1 ;.> It -.00'/ -.100 .101 1. 50 310 .12 110 13.70 75 .651 73. 0.000 a10 n I ~ • i') 7 4. POD -. 0 ~~ i\ -. 0~1O .OR5 1. 00 290 0.00 0 13.15 18 .578 64. 0.000 011 l! 14.173 '-1.~~d -.04"> -.0'3 .069 .50 'i .02 110 12.96 79 .019 b. 0.000 012 (J 1'1.9'19 . 4.";>1, -.04 ~l -.02' .0')3 .50 liO .03 160 li'.59 81 .38B b7. 0.000 013 0 l} .';47 4.1'12 -.OH .001 .034 0.00 0 .04 190 12.04 82 .449 75. 0.000 014 () I j • I' 7 4.4 I [) -.nll> •no.', .017 .50 lID .04 250 11.11 83 .07l 92. 0.000 01 'i d H.1?[ 4.4 n -. (jt)~ .uO) .010 l.GO 210 O.uo a 10.19 84 .918 97. 0.000 0u, 0 1 J. "I I j 4. ',f. 4 -.001' .004 .(:o'! 1. 00 230 .07 320 9.82 84 .367 99. 0.000 017 (1 I L 717 4. i, tJ 2 • (JI 0 -.OOZ .010 L 00 2iO .06 200 9.;>6 AI, .559 101. 0.000 a1q d 1 1, 7 h:. 4.4 'i'1 .005 -. OO;~ .006 1.00 270 .11 ~o 8.A9 83 .452 112. 0.000 019 [I ] i. 7n It .. 4 4 r~ -.014 -.uo'! ·()] :. 1. 50 U5 .OB 330 8.33 83 .'527 95. 0.000 020 0 I I. f, '11 ".'. (),~ -. u('),j -.OIh • () 18 2.10 275 .06 350 7. 78 85 .562 90. 0.000 021 0 1 :~ • f, l.) "; 4 .14"1 -.01 I -.015 .02 , 0.00 0 .03 40 7.04 86 .703 94. 0.000 027 (j 11. " 7 « " • j I :. - .. o;:~) -.003 .02'! 0.00 0 0.00 0 6.30 87 .666 B9. 0.000 0?1 () 13.4j() " • 3 ? n -. on .006 .02j .50 240 0.00 0 6.11 91 .451 96. 0.000 024 n 1 L 4 10 4.14 7 -. (,01) .004 .010 1.00 270 .05 270 5.19 91 .866 94. 0.000 02" 0 13.411 I, • \'J 1 .011 -.Ol'i .01 fl 1.00 315 .06 230 I,.B2 96 .5 b2 9B. 0.000 a26 0 l 1. 4 i! ') 4 • ? 41 .011 -.035 .037 1. 50 25 0.00 0 4.07 100 .B30 101,. 0.000 027 0 [ .J. 4H) 4.006 -.(;2~ -.06':J .070 2.60 45 .0'1 210 3.71, 104 .367 85. 0.000 a2R 0 11. ? 40 1. 7f14 -.111 -.OUZ • H'j 4.10 ll5 .:.19 250 3.19 107 .1,37 75 • 0.000 029 () I! • ·,',4 i • '1)1) -.? ':1) .Oul .2')0 4.60 PO .11 '.90 2.14 110 .212 '5 B. 0.000 a30 lJ 11 • ':"'1' OJ. '1 I) -.? -,Il .147 .296 4. lO 1 ·,0 .on 300 2.2? 113 • 484 91. 0.000 031 () 1,).7/, i- " • f. ~) -.?d .264 .316 5.10 14 " .09 310 1. 94 117 .923 294. 0.000 012 0 1 ~). 1 ';j ':. h 71. -.171 .79:3 .321 5.70 IbO .13 21, 0 1.1,6 120 .910 186. 0.000 033 ,) 'I • " ,() f, ,(,,/1, -.0
'
,] .? 11 • ?75 '5.10 1 ~) 5 .10 240 1. 15 120 .068 276. 0.000 0

Rn~ Fl<. ,') k I,'j (' li -H) 1JT I Il I) ,. I r 1 \1 G~1HII) .61 n KM KMS fRKOR IN POSITION 7.0016 KM B.ORS



, J

PfluG" AI' J C I: [)~' I ,: , 1\ (; h Illl t,: [I I AS T MOO 6 LO 1Cie? i., )

10 lit fiG 'lfll!,A C,\&.0.7 ("1<0." '( !lANGE -),.000 rn -10.000 KM Y RANGE: 1).000 TO 30.000 KM a TRACKS

~r~~j~~~-;~~fi;~ :~.~~

I'll 1 1\ I V I) • til) () '~I '; o DCL IATIIUOI: ,'i DFG 30 HOURS
CA- • Il LI r I,,'''' •• ,)(1 r. <:. a • (\O.?/) Cia .0020
5AII f\i}\: 1\ 1 1"','1 ~III hf./ f A 11/) 70 <;IJRFACl: Ai< E A 6/24 MH2 MASS .210EtU6 MErRIC TONS
IiOlJ P I'll', '" ~ ~, [ I< 11 WW TH Vl l fhST MIS Nlh<fH I III AL WINO MIS Hll1M CURRfNf MIS rll RANGflKMI AlIM KM ERROR PCl TOWFORCE OIR0 I) - j I • 71\ ~ 9. f\(J? () • 'I () () 0.000 0.000 I. n :>50 .:l'l 30 33.15 287 0.000 o. 0.000 0 f-'i I) -3 i .? \ U ~j • 7 I' ~) .O'lcl .030 • ] 03 1. 5" 250 .06 10 32 .18 289 .923 7 6. 0.000 a w:> () -Fl.,",'I(\ Ci. ()? ;'{ • ! ?',; .05'1 .141 6. I q l'}O • O'l 90 32.22 291 .911 72. 0.000 0 N1 () - 'jl). L,O'-j 1(.1'10 • I ? 'f .OBl .. 1~? 6.10 200 .04 60 31.48 29'. .415 45. 0.000 04 Ii - )'1 • •1O? 1 () • ~) 't j • ..' 1 h .11 'j .2 I, 5 lL.33 210 .06 70 11.48 293 • 416 16 • 0.000 0,

iJ -/~/.(:7h 11.0'1". • I 1I .162 .240 11. 31 200 .04 30 30.93 2Q4 .214 21. 0.000 0f I) -~i:l.')'~-~ I I • ',l) 7 • .? 7') • 1 " 7 .312 12.36 215 .10 50 30.31 295 .323 42. 0.000 aI t' -! I • :l :17 I I • ',i)d • ? it '; .01>9 • 2~) 3 P.3/; U, • 04 '10 29.82 297 .310 26 • 0.000 0
" ,) - 'J (, • 'j<! /, 1 ? I ~, 'I .. -;'1\'-) .on .2 q 1 13.90 2Vi ) .os 110 ?9.17 298 .142 17. 0.000 0'I v -) > • 14 ri P.Pl • /t,;" .030 .2tiR 11 • i\ ') 23, .OR 70 28.'32 298 • 638 Q8 • 0.000 010 ,., -;;>',.n" 1 ? • 4 I,"j .2 c', .032 .7 ti ~ P. ~j1'1 740 .On IlO 27.70 291 1.082 122 • 0.000 a11 ) -) ~ . ! ," 1 (' •. r) H .) n .00:> .7flO 11.33 :>45 • 'J ~_i 70 21. 22 2Q'i .528 48. 0.000 0I? " -;) / • /I? I? • i, 1"1 • 7"1 ') .01 n .279 11. f) ~ ?40 .01 70 26.67 301 .514 ~ 7. 0.000 aij Ii - i j • " 1 I 1 ;~ • f, if •J • .~ i. \ ': .0 1,7 .210 10.30 225 .OJ 90 26.30 302 .330 56. 0.000 014 (I -/t"l.7:)"l I! • Al '. .1 it;') .0~4 .193 10. 30 220 .In 120 ?h.1I 302 .609 nQ. 0.000 01 ,~ u _? (). ,} ') I j 1 'j • I "', • (l~. I • 147 .E9 9. ?1 lRO .(n 270 :> 6.11 305 .853 62. 0.000 0

It" II - ~) i) • (I \ 4. 1'j. 'Ill' • ()J;4 .?O'l .?to 10.30 18<; .0" 300 26.85 306 .542 bl. 0.000 017 ,j . ' II • <, l J 14.'i~? • u"3 ,) .2?b .?3u 10.30 18') .09 300 26.67 307 .569 113 • 0.000 01I, I) - I , • I'? 'I 1 " • '"J 7 • (10/, .2/l,) .?>l5 :).2.7 170 .14 32u 27.22 30A .114 43. 0.000 0Iq (, - I J." ',' 4 ]I • I, CJ "\ • <)I,? • (:. r) .?~7 II. ? 7 170 .12 320 27.97 309 .322 36. 0.000 a2<; .) -Il.'" 1 1 7. I, I ~ - • CJJ I .2')') .2 oj I, 9.79 170 .15 310 71.97 312 .987 61. 0.000 021 <I -- l '} • ,; ~, 7 1 'I. t, (f·l • I)L, 'I .3 'll • ') 41-, '1.19 1 70 .1 f1 "340 28.15 315 .854 58. 0.000 0:>? tl - J "I I r I " . 'j ,) 1 • I: 11 .3 u ~ .371 (1. ,? 4 1 h5 .n 1'00 28.15 317 .771 19. 0.000 0n (J - ! -I. '1;' (J , 1 • " 1') ·(\'" .3'71 • ~ d C) '1.27 170 .n 3';0 2A.34 319 .630 63. 0.000 a2" \1 -1:}.;· c, 1.:' .:'? ',.'(J .1:,1 • Jut, • '1',4 r1.76 110 .20 ?O ?U.34 321 .6iJ5 69. 0.000 a2.;
" -11.'1\'1 ? , , 4 il! • ~ (; c~ .19) .44:> 11.13 ?40 .n 30 ~B.52 324 .170 11 • 0.000 0

2" d -1/-,.,. /,: ")'i .lj(1l · -\ '"") .10:1 .3?4 1>.70 270 .?4 "10 ? tJ. 71 327 .490 ~2. 0.000 01 7 Ii - I',. I ) n .-' !, • ') n!~ • ');, J • (, 44 .27 ? 4 • 12 ?7J • ~ 1 ,0 ~ B. 34 330 .486 32. 0.000 a2 ~; ) -I " .1, I j ',j /.1. \lJr. • ) 'f ~ .0 1 ~\ .300 6,70 250 • 1'I 60 n. ')9 331 .546 62. 0.000 0.? CJ n - I \.' i' c- ) ~ • '~!. r:. • .., t, '~ • Cd () .2/-.:i r,. 1(' 2~O • 1 (, bO :> 1. 04 333 • 112 10. 0.000 03u d - j " ,I ' "I " 4. 1'1 J • ? 't ') .01)'1 • 7 I, f, :).21, 21,O .10 70 26.40 334 • 411 51 • 0.000 0
Rj')S II.'t..;lll) I i I :' I , "p, 11 j II 'l,J I r r ' 1 C,1' ell ~ • ~ ,) 4 I Kr', !l M~ r:I',,111< [N PtlSITll1N 1,?~30 KM 30.nB)



PROr,RAM ICFORTF, n r,ARPFTT lA~T MO~ ~ 10 19112

I(rR~RG NB12R (A-0.20 CII-O.40 X RANGE -30.000 TO 5.000 KM Y RANGF -10.000 TO 25.000 KM a T'</I(KS
IOEVN- 34 KOFVN- 0

INIT fAL v .1'10 M/'i 1'14 OEG LATTTIIOE 56 OEG 33 I-lOURS
(A- .200 (\01- .400 CS" .0020 (X- .0020
SATl AREA 7200 KFFl ARF;' 28800 SllRF;'CE ARFA 32400 I1H2 MASS .650£+01 METRIC TONS
HOUR PO~N FAST KM NORT4 VFl EAST MIS NORTH TOTAL WIN~ MIS FROM (URRFNT MIS TO RANGF. (Kt~ I A1IM KM FRROR peT rOWFORCE OIR0 0 .762 10.900 -.010 -.]50 .150 7070 300 .02 230 10.93 4 0.000 O. 0.000 01 0 .722 10.392 -.001 -.]43 .143 Il.eo 29

8
:'.08 220 10.37 4 .046 8. 0.000 02 0 .71)2 9.1'139 .030 - .163 .166 10.30 30 ' I .10 ~OO 10.19 4 .375 203. 0.000 03 0 .910 9.220 .036 -.180 .183 10.30 30 \.00 220 9.63 5 .051 9. 0.000 0 :',4 a J • (I::' (. 8.570 .029 -.176 0179 10.30 300 .06 190 8.f9 1 .176 22. 0.000 05 0 1 .12', 7.968 .025 -.158 .160 6.70 300 .10 180 8.33 9 ol23 19. 0.000 a6 a 1.209 7.425 .021 -0146 .148 5.70 320 ' .11 190 1.18 12 .242 35. 0.000 07 0 1.2flO 6.899 .018 -.14'1 .149 6.20 320 .11 200 7.04 15 0315 38. 0.000 0B 0 1.344 6.~3n .011'1 -.110 .171 5.70 318 .17 230 6. J 1 ) 5 .449 49. 0.000 09 0 ) .368 5."43 -.014 -.216 .217 3oIO 32 .~4 250 5.19 14 .39', 42. 0.000 010 0 1.219 4.7r.7 -.061 -.256 .265 3.10 10 .::' 7 250 4.44 8 .511 60. 25.000 29011 0 .710 3.908 -.208 -.227 .30'3 5.10 360 .29 250 3. fl 9 356 .522 51. 40.000 290 1-')12 0 -.385 3.263 -.395 -.121 .414 4.60 310 .29 290 4.07 342 .650 66. 40.000 290 LV13 0 -1.9/:'7 3.053 -.446 -.011 .446 1. 50 310 .27 270 4.62 326 .3!J9 25. 40.000 210 LV14 0 -3.535 3.016 -.428 -.000 .'1,28 2.60 270 .21 260 5.56 318 .570 55. 40.000 21015 0 -5.034 3.082 -.403 .038 .405 3.60 2C15 .16 2'10 7.96 312 1.334 53. 40.000 270 I I16 0 -6.43(, 3.282 -.378 .072 .385 4.10 310 .14 300 8015 309 1.065 231. 40.000 21017 0 -7.1?7 3.586 -.334 .094 .341 4.10 330 .08 300 9.01 307 .378 39. 40.000 27018 0 -fl.fl6fl 3.941 -.307 .107 .325 3.60 340 .08 310 9.82 30r. .6f19 91. 40.000 2101'1 0 -9.935 4.325 -.284 .097 .300 2.60 350 .08 270 10.37 308 .1,31 114. 40.000 210

'.;J! ,20 0 -)0.9;:>~ 4. "40 -.269 .08? • 2 8 I 4.10 3(,0 .06 270 1 0.93 307 .453 77 • 40.000 27021 0 -11.90', 4.926 -.280 .078 .291 2.10 30 .09 280 11.48 306 .431 73. 40.000 270 /22 a -12.927 5.205 -.283 .076 .293 2.10 40 .08 270 11.85 305 .645 153. 40.000 21023 0 -13.961 5.481 -.301 .079 .311 0.00 0 .11 290 12.22 305 .739 200. 40.000 27024 0 -15.061 5.771 -.298 .079 .30(1 1.50 140 .09 270. 13033 303 .OA5 7. 40.000 21025 0 -16.145 6.049 -.314 .019 .324 3.60 140 .13 290 14.08 301 .355 40. 0.000 026 0 -17.042 6.348 -.201 .08& .218 3.60 140 .11 300 14.62 301 .275 37. 0.000 027 0 -17.591 6.639 -.097 .068 .118 2.10 140 .06 210 15.56 302 .327 42. 0.000 02fl 0 -17. Q 20 6.838 -.0',9 .044 .066 2.10 140 .10 310 16.30 302 .444 60. 0.000 029 0 -17.989 6.960 -.045 .027 .on 4.10 140 .07 300 17.04 304 .781 83. 0.000 030 0 -18.149 1.044 -.046 .020 .051 5.10 140 .08 310 17.41 306 .653 92 • 0.000 031 0 -)8.339 1.106 -.062 .014 .063 5.10 120 .10 320 t 7. 59 308 .675 106. 0.000 032 0 -18.613 7.184 -.095 .041 0103 12.90 130 .06 300 17.96 308 .15.? 41. 0.000 033 0 -1'LOli' 7. 't'16 -.128 .01\5 .153 12.40 130 .14 ]00 18.33 309 • 392 AO • 0.000 0
RHS ERROR IN cnMPUTEO ORIFT S[GHFNTS .539f> KM RHS FRRnp IN POSITION 3.1916 K~ 33.0R5



wrIW'·I~l-I~·1Wl·IWI·!WI·IWI·IW'·I~'·lwrl~n~'·lwrIW!'WrIW'·IWllWI'Wt·IWI·IWI-IWrlwrl~~\w'·\wtlWn"rIWrIWn~n~1·twn~nW'1Wnwl'WI'WnW~WI'W"W~W"WMWI·lwr'WI,wrIW'·lwnw1W rlWflWt1w rlW

MWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWM
WMWMWMWMWMW~'WMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWHWMWMWHWMWMWHWMWMWHWMWMWMWMWMW~WMWMWMWMWMWMWMWMWMWMVHWMWMWMVMVMWMWMW

PROGRAM TCEORTF, R r,"PRFTT LAST Mon ~ 10 1'182

ICFRFRG NBI<' (.A-0.20 rW-0.40 X RANGF -<'0.000 Tn ".000 KM Y RANGF. -5.000 Tn <'0.000 KM o TRACI<S

InFVN .. 34 KOEVN. I)

INITTAl V .150 MIS 1['4 OEG LATITUDE r,,,, OEG 31 I-JOlJRSC,. .200 CW- • '. 00 c<;- .0020 cx- .0020
SAIL ARFA 7<'00 KEF 1 "REA ?AIlOO SIH;:FI\CE ARE" 32400 MH2 MA<;S .h50tt07 METRIC TONS

HOUR POSN FAST KM NORTH VEL EAST MIS NORTH TOTAL wTND MIS FRUM CURRFNT MIS TO PANGElKMl "ZlM KM ERROR PCT TOWFORCE OIR
0 a .762 10.900 -.010 -.150 .150 7.70 300 .02 230 10.93 4 0.000 O• 0.000 a1 a •122 10.392 -.001 - .14 3 .143 11. 80 295 .08 220 10.37 4 .046 8. 0.000 02 0 .782 '1.839 .030 -.163 .166 10.30 300 010 200 10.19 4 .375 203. 0.000 03 0 .'110 9.220 .036 -.180 • 183 10.30 300 .08 220 9.63 5 .051 9. 0.000 04 0 1.026 8.570 .029 -.} 76 .179 10.30 300 .06 190 8.89 7 0176 22. 0.000 05 0 1.124 7.9t,8 .025 -.158 .160 6.70 300 .10 180 6.33 9 .123 19. 0.000 0f> 0 1. 209 7.425 .021 -.146 .148 5.70 320 .11 190 7.78 . 1? .242 35. 0-.000 07 0 1.280 6.899 .018 -.148 .149 6.20 320 .11 200 7.04 15 .315 38. 0.000 0A 0 1. 344 6.336 .01fJ -.170 .171 5.70 110 .17 230 6.11 15 .449 49. 0.000 09 0 1. 3hB 5.6Q -.014 -.216 .217 3.10 320 .24 250 5.19 14 .394 42. 0.000 010 0 1. 219 4.787 -.067 -.256 .265 3.10 10 .27 250 4.44 8 .537 60. 0.000 29011 0 .901 3.609 -.109 -.286 .306 5.70 360 .29 250 3.B9 356 .731 71. 0.000 29012 0 .371 2.787 -.201 -.261 .329 4.60 310 .29 290 4.07 342 1.116 113. 0.000 29013 0 -.4"a 1. 945 -.260 -.215 • 337 1.50 310 .27 270 4.82 326 1 • L18 78. 0.000 27014 0 -t,44e 1.248 -.271 -.11,f> .318 2.60 270 .21 280 5.56 31'.1 .636 81. 0.000 27015 0 -2.411 .769 -.260 -.100 .278 3.60 295 .16 290 7.96 312 2.086 83. 0.000 27016 0 -3.305 .5}7 -.231, -.044 .240 4.10 310 014 300 B.15 309 .482 105. 0.000 27017 0 -4.091 .442 -0196 .001 .196 4.10 330 .08 300 9.07 307 .'t 2 8 44. 0.000 270

I )18 0 -4.719 .503 -.156 .030 .159 3.60 340 .08 310 9.82 30R .540 71. 0.000 27019 0 -5.209 .632 -.113 .037 .119 2.60 350 .08 270 10.37 306 .220 40. 0.000 27020 0 -5.539 .747 -.073 .027 .078 4.10 360 .06 2-70 10.9'3 307 .237 40. 0.000 270 f--'21 0 -5.757 .814 -.051 .009 .052 2.10 30 .09 280 11.48 306 .361 61. O.OUO 270 w .22 0 -5.920 .808 -.040 -.012 .042 2.10 40 .06 270 11. 85 305 .21',3 62. 0.000 270 .t;:.)
23 0 -6.01',1 .7?7 -.043 -.035 .055 0.00 0 .11 2'10 12.22 305 • 335 90 • 0.000 27024 0 -6.236 .566 -.052 -.052 .073 1.50 140 .09 270 1".33 303 1.078 90. 0.000 27025 0 -6.445 .358 -.069 -.064 .094 3.60 140 .13 290 4.0fJ 301 .701 79. 0.000 02b 0 -6.749 .119 -.100 -.064 .119 3.60 140 .11 300 14.62 301 .703 95. 0.000 a27 0 -7.123 -.071 -.094 -.03(1 .102 2.10 140 • a 6 210 15.56 302 .flB 103. 0.000 028 0 -7.425 -.170 -.084 -.023 .087 2.10 140 .10 310 16.30 302 .590 8 O. 0.000 029 0 -7.754 -.242 -.097 -.013 .098 4olO 140 .07 300 17.04 304 .963 102. 0.000 030 0 -6.11b -.253 -.104 .007 .105 5.10 140 .08 310 17.41 306 .822 11 6. 0.000 031 0 -8.507 -.1'12 - .114 .025 .117 5010 120 .10 320 17.59 308 • fJ 14 128. 0.000 032 0 -8.943 -.043 -.} 29 .066 .145 F·90 130 .06 300 17.96 308 .164 'I'; • 0.000 033 0 -9.433 .283 -.142 .105 .171 2.40 130 .14 300 If'. :n 309 .4/6 Ii 7. 0.000 0

RMS J=RROR IN COMPIITFD DRIFT HGMEMTS .b~25 KM RMS F.~POR IN POSITrnN h.Q721 KM 33.0RS



.)

. I-'
4>
U1

) I

)

.)

PRflGPhM ICFORIF. R GAooFlT Lh~T MOO 6 10 1902

IURERG Nfll':) ChsO.A CW-7.4 ~ RhNC.F -5.000 TO 10.000 KM y R4Nr.E -5.000 TO 10.000 KM [) TRACKS
IOEVN- -15 KOEVN- 15

(HIrTH V .520 M/5 375 orG lhTITIIOE H. OFG 15 40lJRS
CA- .800 CW-2. 4 OO rs •• 00('(1 cx- .0020
SAIL hR~h 4000 KEEL AREh 16000 SIJRFhCE hRJ'A 13273 M**;:> MhSS .;:>20~f07 M~TRIC TONS
HOUR POSN FAST KM NORT4 vrl ~AST M/5 NORTH TOTAL WINO MIS ~RnM CURRFNT MIS 10 RANr.rIKMl AlIM KM ERROR PCT rOWFORCF DIR0 a 1. 2 I 9 -4.,'17 -.29') .426 .520 19.00 150 .12 300 5.61 145 0.000 O. 0.000 a1 0 2.648 -3.655 -.1(,9 .228 .20, 15.90 100 • 1't no 4.44 141 .250 ?l. 0.000 02 0 2.129 -2.757 -0103 • 292 .309 17.00 145 .14 330 3.39 139 .055 5. O.ouo 03 0 1. '36 2 -1.709 -.054 .280 .285 13.90 155 .14 330 7.24 131 .269 22. 0.000 04 [) 1.731 -.710 -.018 .278 .27fl 14.40 160 .13 340 1 .52 lOR .115 11. 80.000 3605 0 1.741 .5f! .017 .338 .339 15.40 165 .08 350 1.69 59 .068 5. 00.000 3606 0 1.806 1. ~ 16 .016 .363 .364 17.00 170 .10 3110 3.0'. 35 ."32 'lb. 80.000 3607 a 1. 821 3.!'t6 -.009 .315 .375 16.40 180 .13 320 4035 32 .563 42. flO.OOO 3608 a 1. 84 2 4.415 .027 .32b .328 15.00 190 .08 330 5033 29 .392 39. PO.OOO 3609 0 1. 950 5.1,2', .OH .353 .355 12.90 275 .19 330 5.96 28 .618 97. 0.000 010 0 2.237 6.188 .090 .093 .123 12.90 290 .16 340 6.19 29 .428 174. 0.000 011 0 2.589 ':>.313 .104 -.OUI .lOb 15.40 305 .10 350 6.1,,7 31 .198 37. 0.000 012 0 2.944 6.375 .097 .073 .122 13.40 300 .20 350 6.48 3't .435 Ill. 0.000 013 0 3.438 6.643 0183 .064 .194 11l.00 290 .19 360 6.67 38 .389 79. 0.000 014 0 4.138 6.721 .196 -.030 .196 18.00 300 .12 20 7.22 45 .376 37. 0.000 a1~ 0 4.B05 6.560 .176 -.050 .1 fl3 15.40 300 .10 10 7. 7A 5"1 .512 "3. 0.000 a
RHS ERROP IN COMPUTED DRIFT SEGMENTS .37''17 KM RMS ERROIl IN POSITION 1.0993 KM 15.01\5

ICFBERG N819C CA-0.60 (W-2.20 X RANGE -5.000 TO io.6()6 KM Y RANGE -5.000' Tn lo.ooo KM a TI;>ACKS

IOEVN- -15 KOEVN- 15

INITIAL V .~20 MiS 3~5 OfG LATITUOE 56 OFr, 15 HOURS
CA- .600, CY-Z.200 r. - .0020 cx- .0020SAIL AR~ 4000 KEEL APEh 1AOOO SUR~ACE AREA 13273 M•• 2 MASS .220E+07 ~ETRIC T~NS

HOUR POSN EAST ~M NORTH VEL EAST MIS NORTH TOTAL WINO MIS FROM rllPRENT MIS TO RANGEIKMI AZIM KM ERROR PCT TOWFORCE OIR0 0 3.219 -".597 -.298 .426 .520 19.00 150 .12 300 5.61 145 0.000 O. 0.000 01 0 2.672 -3.688 -.153 .221 .269 15.90 100 .14 330 4.44 I'll .265 22. 0.000 0
'I

2 0 2.190 -2.827 -.098 • '2 76 .293 17.00 145 .l't 330 1.39 139 .098 9. 0.000 03 a 1.937 -]. 030 -.051 .267 .272 13.90 155 .14 330 2.24 131 • 293 24 • 0.000 0" 0 1. 8 J 2 -.877 -.017 .264 .265 14.40 160 .13 3',0 1.52 10fl .132 13. 0.000 3605 a 1. fl1 a .016 .015 .22g .229 15.40 165 .09 350 1. 69 59 .4"5 33. 0.000 3606 0 1 .0'31 .868 .021 .252 .253 17.00 170 010 340 3.04 35 .800 49. 0.000 3607 a 1.930 L 793 .004 .259 .259 16.40 160 .13 320 4.35 32 .5B6 44. 0.000 3608 0 1.991 2.649 .039 .209 .213 15.00 190 .08 330 5.33 29 .248 25. 0.000 3609 0 2.176 3.291 .061 .141, .) 56 12.90 275 .19 330 5.96 28 .050 8. 0.000 a10 0 2. 't 2 6 3.706 .071 .080 .117 12.90 290 .16 3"0 6.19 29 .275 112. 0.000 011 0 2.738 3.868 .095 -.005 .095 ) 5. "0 305 010 350 6.67 n 0188 35. 0.000 a12 0 3.056 3.961 .086 · on .117 13.40 300 .20 350 6.48 34 .453 116. 0.000 013 0 3.497 4.260 .166 .073 .182 16.00 290 .19 360 6.67 36 .420 85. 0.000 014 0 4.146 4.380 .183 -.016 .184 18.UO 300 .12 20 7. 22 't 5 • 't 43 4". 0.000 a15 0 4.771 4.?!,? .165 -.040 .170 15.40 300 • LO 30 7.1fl 53 .510 4A. 0.000 0
RMS fllROR IN COMPUTFD nRI~T SEr.MFNTS .4035 KM RMS FRROR IN POSITION 1."399 KM 15.0RS



rRor,f( Ar' I (I !lP If. i1 G~Df'rll I ~ < I IHlf) 1 ? 10 19H7
JCF.Rr-~(, 'J'1')" (Ao).fI( r '''" 0. ' n X D~Nr,r '•• WIll T11 lO. or)') ,<,., Y PA'If; F 1.1l0n III 9.00') Y-11 r)!-v~* fl KfHVNw 0
TIIF r ALI'" I I '.OO(l. IIIF r: \,1 I I 1'1 I ? • ',Un
PHI1Al v • 1 I (l '" I <; I'll UFr, 1 q I TIIOr ')~ f)rc, I '1 'I [11 1') ,
CAw('.v0'l r \..J c • ~'O (\ r,; = .(0;:[1 ('{tot • OU2 (,
S" I I Af r: A "('1(' n J< r F I Ar r h .~ ,J () () (\ '; II Pr Ar I: Apr~ 40000 /~~*) nIl') S .100"'0' MFrRlr I'J~' ';
IU11JP P11 \/1 r ~ '; T J< M N'11< TIf Vr: I ['A',! >II) I,' nOT II Hlf" I \011 Nf) '~I 'i f'i.'ll>l (IIRRE NT MIS TO p" NG r ( I( MI h7 111 Ilr~ FPROR PCT IU..JFORCE DIR0 n 7. I'::' 1 11.1')lj • PI -.10 1

) • ) I, () 4. III 360 ·') ,; 2U5 Ll • 4 n 43 O.OflO O. 0.000 01 I) fl. (If' ? 7.'107 .Oll -.14'1 .l4<.J 7.1,[) 311 .O~ 2')0 Ll.1I1 41-, .077 11. 0.000 a(' 0 7.'170 7. ?,7 r, - • () f', '] -.1~/ .1n '; .10 30 ·') (~ /II) LO.93 47 .140 B • 0.000 03 0 7.51'1 f:.. q 4 /.. - • 1 ~\ Ij -. L33 .20tl 4.60 ':\~ .0'1 2'i1) 1r. ':\ 7 47 • L'>1 29. 0.000 0" f) I,. E: 91 (. ".r;,.., - .In - • (1 '\() .200 '3. L'j 55 .07 260 q .1, j 47 .143 1Q. 0.000 a5 0 ".7',9 I,. 7t, '1 -. 170 -.0:"'1; .1n ].10 1 r, .Ot. 310 H.G9 ',4 .Z22 25. 0.000 0f, 0 ). (dlO I: • :? 31 -. ]C. 0 -.(l(),' .150 :" t (I ?O .04 160 r. 3"1 41 .156 U. 0.000 07 1"\ <; • 11,', ".2 4 1 - oJ, 1 • (\ 1'_' • } 1 /.. 4.10 1~ .0 p 10 r. 1') 3 n .13 3 2F. 0.000 0f' (1 4.7 1,0 6.370 -.] u! .0'» • Il', 3. 1,0 411 .09 40 r. 1 'j 3<; .1 'i C 3 t'. 0.00f) 0') () '... ~ '13 (, • " I r, -.0?,) .07fJ .087 ? (,f' 40 • 14 90 f' • ~ 2 35 .4 1)3 125. 0.000 a10 0 4 ~ r 7 r:- ('. P6lJ .0 1,7 .0 ', 'i .0 !\1 ". ',0 1,0 • 1 7 1 30 e.!:>':! 36 • 7 54 12 t\ • 0.000 aiL () ',.91 (, f,. 0 50 • I ]4 .015 • ] J ') 1. 10 'If) .J! 100 n.7(, 37 .17i> 95. 0.000 012 a J. 3 ft 3 ( • ') 9 1 • 1 .I ') -.002 • 1 1n 2.60 '.. 6 .10 110 fl.r9 'I" .2(6 112. 0.000 013 (I ~ . 7" 0 (-.'1/<; • 11 7 -.0 7 7 .PO 3. 10 15 .17 llu p.eq 41 .247 53. a.ooo at I, () (:. • 1'll I • 797. .P3 ~.O47 .1 ~? 7.~0 7~ .1 b 1'0 B.70 ',7 .AL,7 69. 0.000 01:;, tl I,. (. <; 7 1,- • r: I, '.. • LJ 7 -.OB7 .H2 2.60 20 • '0 150 8.<;2 51) .3'31' 7r. 0.000 0If> a 7. 167 ('. 121 .1 " ':\ -.164 .1'17 ). (,0 3 ~i ') • /3 170 7.Q6 5<' .772 123. 0.000 0I 17 0 7. (,2" C'. 402 • 1() () -.22,1 .249 2.60 2':> .16 1110 7.78 5'.. .51:11: 177. 0.000 01 n 0 7.11', 4 4. <; 1 11 .02':\ -. 2't '5 .241, '1.10 33 .1. 'I I n O 7. 't! 5~ .r;7? 1 2 f, • 0.000 0
RMe; FPPflO TN (PMPIITfn OtHn <; I r,1-H tH S .1An, KM o M<; rppnq IN POS!TTIJN • 77', q K"1 1d. nrl ';(-

__'v'____·,··____~___~__ ____ • ____.___•.._._ .... __

1;.006 K~tenrRG '-l"<,lif\ Ie: RA~jGE -20.bOo Tn Y uAN(';E -10.000 t(1 7'; .000 tI "1 () r V'J. 3 r) ,<nfV'j· ()

( THF (A lII1TT '.rOn. T4E ~~ lt~!T 2.400
f--J
LVINITIAL V .no Mf<; 1(111 OEf, LATlTlIOE 5" orr, 1'4 HOUP'; Q')ell- .600 rw· .300 (';- .007.0 ex- .0020

.t;OOFtI1(, Mf.TRlt( SA TL APFA 13 'of) ItEr[ AR~A ~I '); II 0 SIIRFACF ARrA 3211 M**2 MASS TfJNS
HOUR P05N FAST KM NfJRTH VEL FAST MIS NORTH TOTAL WINO MIS FROM CllRR~NT MIS TO P"Nr,[{KMI AllM KM ERROR PCT TOWFlIRCE DIR0 0 -6.410 lC).727 -.032 -.22A .230 O.BO 320 .11 150 20.74 342 0.000 O. 0.000 a1 a -6.197 10.093 .]24 -.2'53 .282 7. 10 300 .16 190 19.8 ? 340 , 641 5:> • 0.000 02 0 -',.702 17. fJ9'j .120 -.299 .322 A.2D 310 .16 230 If'.71 337 1.103 74. 0.000 03 0 -':i. HI; 1 ('.786 .091 -.310 .3 t'3 8.20 315 .13 210 lA.15 335 .795 ,",4. 0.000 04 0 -5.074 15. f,79 .049 -.3u6 .310 5.10 310 • 1 >l 220 11.78 333 .1337 ll:> • 0.000 05 0 - 4.997 14.6('; -.000 -.270 • 270 7. 1'0 330 .OJ) 240 17.41 334 .933 194 • 0.000 01; 0 -5.070 13. fl1 R -.041 -.170 .17'7 j.l0 340 .03 270 17 • 41 333 .700 230. 0.000 07 0 -'5.?"3 1 3. ;\"2 -.054 -.092 • 10 7 2 • L0 JIO • iJ 1 250 1 7.41 334 • 1 i, 7 246. 0.000 0A a -5.433 13.120 -. (J',4 -.046 .Of,4 2.60 30n .O? 30 17. 0'. 315 .611 128. 0.000 09 0 -5. ~I· 8 13.02 ', -.030 -.007 .031 2.10 330 .06 70 16.30 337 .l .027 109. 0.000 010 (j - ').1 JG I 'I. () 10 .oll -.022 .025 7. 20 no • 10 60 15.74 339 .830 105. 0.000 011 0 -'j .'.');> }).{f1n • 0 ~, 1 -.)01 .113 7. 20 355 .l? 120 14. f] 2 3',0 .710 74. 0.000 012 0 -5.277 12.3't1 .06 1) - .139 .] 'i'1 ",. 10 320 .08 160 13.70 340 .620 56. 0.000 013 0 -5.017 11.875 .075 -.105 .I2\} 2.60 300 • L2 130 12.59 341 .602 53. 0.000 a14 0 -',.66', 11. 'j',2 .147 -.093 .174 7. 70 270 .oq 170 11.30 340 .966 14. 0.000 015 0 -4.003 i L l RO .190 "-.106 .217 7.70 270 .1)4 210 10.00 340 • 8 f13 68. 0.000 016 0 -1.278 10.71<' .227 - .15l1 • 277 10.30 290 .07 190 9.07 337 1.038 99 • 20.000 19517 0 -2.972 f:1.9 7 3 .012 -.58~ .584 11 • f] 0 290 .09 190 7.96 31\ .723 51. 20.000 19510 0 -2.'1111 f.,.792 .011, -."H .632 14.40 300 .10 200 6.30 331 L033 62. 20.000 19519 0 -2.747 ',.1,05 .045 -.S70 .571 1',.40 300 .03 150 4.82 311 .753 31. 20.000 19520 0 -2. !.d 4 2.621 .0°3 -.53'1 .54-7 15.40 290 .04 130 3.70 zq? .215 12. 20.000 19521 0 -;>.17fJ .7ab .077 -.526 .532 )4.40 290 .02 120 ? Q6 265 .307 H. 20.000 19522 () -1.9\ q -1.133 .07,,> -.497 .491] 1',.40 295 .07 00 2.96 223 .675 32. 0.000 023 0 -1.0A9 -2.198 .3'; 0 -.76'> .440 17.00 30n ·() (, 110 4.44 1°1 1. L76 47. 0.000 024 0 .7C)0 -3.1~1 • "1 n ') -.1' 73 .4l~ L7 .50 lOa • () f, 120 4.44 169 1. 019 f., 1. 0.000 0C'
Rf1S ~RPflR IN rnMOIlt<o OPlrl ~ f· r,t11 'IT '; .HZ;>Q KM PM' ~RRf'R IN pnSITTON 2.0221 KH 2', .OAe;



W~WMWHW~WMWMWHWMWMWHWMWMWMW~WMWMWHWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWHWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMW
MWMWMWMWMWMWMWMWMWMWMwMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMwMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWM
WMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWNWMWMWMWNWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMW

PROGRAM ICEDRTF. R GARRETT LAST MOO 6 10 1962

ICEBERG NB68B (1-0.60 [W-n.30 X RANG~

rDEVN-

-20.000 Tn

35 KOFVN- 0

10.000 KM '( RANGE -10.000 TO 7.0.000 KM o TR lICKS

INITtAl V .230 MIS 188 OEG lATITUOE 56 DEG 24 HOURS
CA- .600 CWa .300 CSa .0020 Cx- .0020
SAIL ARFA 1340 KEEL APEA 5360 SIJP~A(E AREA 3217 M+.2 MASS .500E+0~ METRIC T~NS

HOUR POSN EAST KM NnRT~ VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGE(KMI
o 0 -6.410 19.727 -.032 -.228 .230 8.80 320 .11 150 20.7~
1 0 -6.197 18.893 .12~ -.253 .282 7.70 300 .16 190 19.82
2 0 -5.702 17.895 .120 -.299 .322 8.20 310 .16 230 18.71
3 0 -5.3~5 16.786 .091 -.310 .323 8.20 315 .13 210 18.15
~ 0 -5.074 15.679 .O~9 -.306 .310 5.10 330 .18 220 17.78
5 0 -~.997 14.625 -.000 -.270 .210 7.20 330 .08 240 17.41
6 0 -5~070 13.818 -.041 -.110 .175 3.10 340 .03 270 17.~1
7 0 -5.253 13.362 -.054 -.092 .107 2.10 310 .01 250 7.41
8 0 -5.~33 13.120 -.04~ -.0~6 .064 2.60 300 .02 30 17.04
9 0 -5.568 13.024 -.030 -.007 .031 2.10 330 .06 70 16.30

10 0 -5.619 13.010 .011 -.022 .02? 7.20 330 .10 60 15.7~
11 0 -5.492 12.788 .051 -.101 .113 7.20 355 .12 120 14.82
12 0 -5.277 12.341 .068 -.139 .155 5.10 320 .00 160 13.70
13 0 -5.017 11.~75 .075 -.105 .129 2.60 300 .12 130 12.59
14 0 -4.664 11.542 .147 -.093 .174 7.70 270 .08 170 I1

J
30

15 0 -4.003 11.1BO .190 -.106 .217 7.70 270 .04 210 10.00
16 0 -3.27e 10.732 .227 -.15B .277 10.30 290 .01 190 9.07
17 0 -2.371 10.032 .272 -.222 .352 11.80 290 .09 190 7.96
18 0 -1.333 9.111 .300 -.297 .422 14.40 300 .10 200 6.30
19 0 -.277 8.0~3 .285 -.272 .394 14.40 300 .03 150 4.B2
20 0 .823 7.1~9 .338 -.221 .404 15.~0 290 .04 130 3.70
21 0 2.054 6.~29 .330 -.190 .381 1~.40 290 .02 120 2.96
22 0 3.228 5.778 .328 -.172 .370 14.~0 295 .07 BO 2.96
23 0 4.496 5.066 .381 -.243 .452 17.00 300 .06 130 4.44
24. 0 5.894 4.114 .391 -.271 .476 17.50 300 .06 120 4.44

RHS ERROR IN COMPtlTEO DRfFT SEGMENTS 1.0310 KM RMS ERROR IN POSITIO" 4.8593 KM 24.0R5

AlIM
342
340
337
335
331
334
333
334
335
337
339
340
340
341
340
340
337
331
331
311
29 2
265
223
I'H
169

KM "RROR
0.000
.6H

1.103
.795
.837
.933
.100
.747
.611

1.021
.830
.710
.620
.602
.966
.883

1.038
1.403

.583
2.079
1. 26~
1.183
1. 28 I
1. 4 87

.997

PCT TOl,,/FORCl' DIR
O. 0.000 0

55. 0.000 0
74. 0.000 0
94. 0.000 0

115. 0.000 0
194. 0.000 0
230. 0.000 0
246. 0.000 0
128. 0.000 a
109. 0.000 0
105. 0.000 0
74. 0.000 0
56. 0.000 0
53. 0.000 0
74. 0.000 0
68. 0.000 0
99. 0.000 195
99. 0.000 195
35. 0.000 195
86. 0.000 195
71. 0.000 195
69. 0.000 195
60. 0.000 0
60. 0.000 0
59. 0.000 0

I-'
W
-...J



PR()(';IHM I U OR I F. " r, liP IH I T I h<:;T Mnn 6 10 19B?

ICfR'Pf, PIJ(l4 Chon.?o cw.n.10 X PIING[: -[0.000 Tn 10.000 K'I Y PhNGE -10.000 Tn 10.000 K'1 o TI:IIICKS
IOFVN. () KnFVN- en

INTT!IIL V .ORO M/~ 2?'i nEG LATlTlIOF '5'i !lEG ?F, HntJI:I S
CA- .200 rw- .100 (~ . .oo?n (X- .0070

/SII 11 AR FII ? 1+1) KF f L hRF II °bO SI'lH AC E APrh ?630 I1H? MA,S .250'+05 METRIC TnNS
HfllJR POSN FIIST KM NnpTH VEL [ II SI MIS NORTH TilTH WI"'[) MIS [POM CURRENT MIS TO PIING[(KM) 117I"1 Kt1 ERPOP PCT TOWFnRCE OIR0 0 ':>.44? ':>.908 -.057 -.057 .OPO 5.10 "0 .10 210 9.45 43 O.uOO O. 0.000 01 0 6.0'11j 6.7il -.15'5 -.043 .] (, 1 5.70 60 .OB 210 7.41 16 1.716 79. 0.000 a2 0 5.3tJ? 6. h17 -.210 -.010 .211 6.70 65 .10 230 5.93 34 1.019 6~. 0.000 a3 o· 4. f, ~ 4 6. '51' -.17'1 -.0?6 .1fl0 5.10 70 .06 220 4.21\ 2'1 1.235 71. 0.000 04 0 4.013 b.334 -.195 -.121 .229 'l.80 10 .06 200 2.76 5 1.:176 67. 0.000 a5 0 3.3'17 5.f!80 -.1f,0 -.101 .1(19 4,[0 20 .05 ::'10 1.96\. 333 .718 4 (J. 0.000 a/) 0 '..8'9 5.5':>8 -.137 -.08fl 0163 6.20 20 .Of, 170 2;:32 297 .760 56. 0.000 0 ".,7 0 2.328 'i.ln -0143 -.139 .199 7.20 30 .16 170 3.07 276 .596 4(1. 0.000 afl 0 1. R3 2 ',.562 -.I?? - .197 .235 7. 70 30 • 21 160 3.96 268 .452 4 4. 0.000 09 a 1 • 377 3.815 -.131 -.207 .245 7070 30 .17 ]60 4033 261 .259 42. 0.000 a i-'10 0 .041 3.074 -,103 -.212 .23l> 7.70 20 .19 150 4.50 256 .4111 115. 0.000 0 w')11 0 .~qO 2.2?4 -.099 -.260 .2lJ6 8.20 30 .29 160 4.91 252 .425 B1. 0.000 a12 0 .1~6 1.173 -.14 '1 -.30ry .339 6.80 17 .?1 170 '5.I 3 248 .731 176. 0.000 a co

13 0 -.4 'j 9 • 071 - .192 -.304 .360 6.60 20 .21 lflO 5.43 242 .751 120. 0.000 014 0 -1.179 -.915 -.202 -.22fJ .304 B.BO 20 .09 lAO 5.93 239 • 645 Ul • 0.000 0 I )] 5 a -1.fJb7 -1.679 - .175 -.U3 .20 "3 9.3() 360 .09 170 6.67 234 .388 42. 0.000 016 0 -2.439 -2.4f,7 -.147 - .197 .245 '1.30 360 .01 110 n.33 235 .865 52. 0.000 017 0 -2.71~ -3.038 .037 -.146 • 1 'i 1 9.30 255 .05 130 8.43 2'.9 .764 67. 0.000 016 a -2.198 -3.652 .05 1, -.206 .213 B.no 350 • 09 110 9.59 227 1.053 87. 0.000 019 a -2.333 -4.';04 .02'; -. no .261 8.80 3'10 .1 'j 120 10.37 226 • 5 it 3 613. 0.000 020 0 -2.20 R -5.500 .n2? -.287 .28A 1"1.20 350 .1f} 130 10.93 226 .fl05 l4 5. 0.000 021 0 ,- 2 • 11:.8 -6.470 -.00'1 -.240 .240 1.70 355 .12 120 1l.4fl 227 .'Bl 158. 0.000 022 a -2.?(15 -7.273 -.0513 -.216 .224 6.20 350 .06 no 11.85 2'21 • ') 71 154. 0.000 023 a -2.5"0 -0.013 -.Od', -.In .210 6.70 3 5 0 • .)5 160 12.41 225 .167 7. 4. 0.000 a24 a -'. flO} -f.blS -. U)1 -.17R .20fl 7, 70 355 .')3 150 12.':>9 224 • itl 3 122. 0.000 a25 0 -3.318 -9. 3 25 -.129 -.188 .22 R 8.flO 350 .01 190 13.06 222 .509 87. 0.000 026 0 -3.76R -lo.n23 -.113 -.200 .230 A.flO 150 .05 130 13. ') 2 ?20 .497 76. 0.000 0
RM~ FPROP IN Cll"1PlITfO [)PlFT ~fr,MHlf'i • 196f, KM ~ MS FQQOQ TN PO'TTTON 5.6496 KM ('f,.ORS



P~OGPA~ TrI'orntt 11 r,AllIHTT LAST NnD 17 10 1Qn2
tCFllrpG t>n211 TO\4 ~OT l( RH'(:, ~10.f)I)O TO 20.000 1<'1 Y PANG!' -10.000 Tn 'o.non KM "rVN- 3·~ Korvy. ')
INITIAL V .570 M/' 6[1 Df:G LATITIIOF 5'1 OF\, n HOUDS
CA-l.700 i:\oI-7.100 rs- .0020 cx- .0020
S AII. ARFt. ]1:'00 KEFI ARFA 1'3700 SIIRFACE ARrA "?OOO MH7 MASS .1101'+07 M!'TRIi: TONS
HOUR POSN FASI KM N~QTH VEL FAST MIS NORTH T[JTAl WINO MIS FROM i:IIRRENT MIS TO RANGEIKM) AlIM KM EPROR PCT TOWFORCF DIR0 a -9.788 -3.955 .52B .?14 .~70 7.20 100 .22 80 10.56 24[1 0.000 O. 0.000 01 0 -9.020 -3.742 .205 .021 .20f> It. 10 330 .n 70 9.45 24f> .404 35. 40.000 1472 I) -B.02" -3.98V .264 -.062 .271 3.60 340 .20 60 fl.89 244 .405 ~3. 40.000 1473 a -7.115 -4.2?? .244 -.069 .253 3.60 340 ol8 60 fl. 33 241 .228 32. 40.000 1474 a - 6.259 -4.410 .233 -.033 .236 2.10 340 .19 50 7.4 } 237 .293 27. 1.0.000 1475 0 -';.320 -4.591:' .2 0 3 -.076 .302 1. 50 10 .,23 70 6.6 233 .?17 24. 40.000 1476 0 -4.2~1 -4.871 0309 -.074 .317 0.00 a • 24 70 5.93 2n .263 27 • 40.000 1477 0 -3.0ln -5.199 .327 -.1 11 .345 .50 220 .25 80 5.37 219 .272 28. 40.000 1478 0 -1.910 -5.607 .326 - .114 0346 1. 00 2('\ .25 80 5.00 ?ll .476 59. 40.000 1479 a -. 7 1t fc -6.084 .319 -.153 .354 0.00 () • 2'1 90 4.'-'3 197 .340 28 • 40.000 14710 0 .309 -6.525 .265 -.08'1 .278 2.60 170 .19 70 4.63 186 .]22 36. 40.000 14711 0 1.229 -6.800 .247 -.07B .<'59 3.60 1'30 .18 70 4.63 In .n8 "5. 0.000 a12 a 1.831 -6.625 • lit 7 .096 .176 3.60 I !i0 ole 70 '1.82 158 .960 61. 0.000 a13 0 2.370 -6. no .153 .099 .H2 1. 50 150 .1 e 60 4. f' 2 !'tb .369 37. 0.000 a

I-'14 0 2. ROO -5.7 1.2 .Of.-~ .221 .229 7. 70 160 .14 30 4. fl2 HI .293 70. 0.000 a15 0 2.967 -'1.'HO .044 .232 .236 7.70 IbO .14 30 4.72 131 .412 49. 0.000 a w1& a 3.0B4 -3.99? .01B .21l1 .282 9.80 160 .15 20 4.63 121 .353 43. 0.000 a \.017 0 3.147 -2.981 • 019 .277 .278 9.30 160 • 15 20 4.63 110 • 'Hl2 43 • 0.000 a18 0 3.336 -<'.17.6 .092 .176 .199 10.30 160 • 1 '5 ~o '1.69 107 .614 246. 0.000 019 a 3.61:'5 -1.242 .099 .3'15 .359 13.90 170 .19 40 '1.b3 100 .440 77. 0.000 020 0 4.1 ?2 -.152 0145 .249 .2A8 10.30 170 .19 60 4. fl2 92 .491 72. 0.000 a21 0 4.f;60 .7A6 .151 .279 .317 12.40 170 .20 "0 5.09 p<, .312 34. 0.000 a22 0 5.H9 1.1:'99 ol 30 .340 .364 14.40 )70 .20 50 5.7'1 74 .241 24. 0.000 023 0 5.737 2.959 .190 .24'1 .309 11.30 170 .23 70 6.67 68 .174 15. 0.000 024 0 ".381 3.R04 .161 .27.9 .280 11.30 170 .19 70 7.78 62 .312 23. 0.000 025 0 6.796 4.640 .064 .236 .244 11. 8 a 147 017 bO ~.89 59 .349 29 • 0.000 026 0 7.015 5.530 .067 .261 .269 10.80 17() .13 40 10.00 55 .'143 34. 0.000 a27 a 7.2'12 6.455 .OBB .251 .266 11. 30 190 .09 30 11 .II 52 .339 27. 0.000 a2 R 0 7.51.I 7.1.90 .033 .214 .217 6.70 )60 .12 70 1?.41 49 .600 '12. 0.000 a29 0 7. (\ J 1 8.096 .152 • 2/i 1 .285 4.60 190 .25 40 13.70 49 .690 53. 0.000 a30 a " .', 17 8.(197 .223 .196 .297 1. 50 no .28 50 14.82 49 0151 14. 0.000 a31 a 9.356 9.603 .236 .209 .315 3. 10 220 .28 40 15.93 '50 .261 ?3. 0.000 a32 a 10.751" 1 (). 359 .275 .196 .33'3 3,"0 270 .29 50 17.04 50 .Ob6 6. 0.000 a33 a 11.223 10.956 .242 .12 f1 .273 3. 60 50 .29 60 17.96 51 .2'50 26. 0.000 a34 a 17..051 I1.3'i'l .741) .116 .267 0.00 a .29 60 19. 'I '5 51 .620 42. 0.000 a35 0 12.937 11.762 .252 .092 .268 "2.60 330 .26 60 20.37 51. .1l3 11. 0.000 036 a 13.A32 12.081 • ? 1,5 .098 .264 0.00 a .28 60 21.67 51 .7'33 58. G.OOO a37 0 14.712 12.459 .2 1, "'I .10R .260 0.00 a .'0 AI) 22.78 ';? • 731 20. 0.000 0
PMS FRROP IN COMPUTro I)PTFT SEGHFNT~ .ld '>2 I<M PHS EPQor IN PO,ITION 1.9411 KM 17. nn ~

,"



~"w"wnwnWI,wnwnwnwnw"~nw"wnwnwnwnwnwnwn.ninW"wnWnWnwMWnWMWnWnWMWnWMWnWMWnWMWMWnWnWMWnWnWMWMwMWMwnWMwnWnWMWMWMwnWMWMW
NWMWMWMWMWMWMWMWMW~W WMWMWMWMwMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMW~WMWMWMWMWMWMWMWMWMWMWMWHWMWMWMWMWMWM~MWMWMWMWM
WMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWM4MWMWMWMWMWMWNWMWMW

PROGRAM ICEoRIF. fl r,ARRFTl LAST Mon 6 10 1982

ICEBERG Rfl27.X CA-1.70 CW-;:>olO X RANGE -10.000 TO 20.000 KM Y RANGE -10.000 TO ?O.OOO KM o TRIICI(S

InFVN- 155 KOEVN- 0

INIT TAL V .570 MIS 68 oFG LATITtlflF 55 OFf; 37 HOUPS
(A-1.700 CW-2.100 CS- • 0020 CX .. .0020
SAIL AREA 31100 KE rL ARFA 15700 SIIRFACE ARFA noaa MH2 MASS .110F+07 MFTRIC TONS

HOUR POSN FAST KH NORTH VEl EAST MIS Nr.lRTH TUTAL WIND MIS FROM CURRENT MIS TO RANGfll<MI Al 1M KM ERROR PCT TOWFORCE OIR
0 a -9.788 -3.955 .526 .214 .570 7. 20 100 .22 60 1(\.56 24A 0.000 .0. 0.000 a1 0 -9.020 -3.742 .205 .021 .206 4.10 330 .n 70 9.45 246 .40'1 35. 0.000 1472 0 -8.2::19 -3.695 .203 .023 .204 3.60 340 .20 60 13.89 244 .175 27. 0.000 147
3 0 -7.559 -3.l>09 .1 ]q .020 .180 3.60 340 018 60 e.33 241 .230 32. 0.000 1474 0 -6.952 -3.470 .160 .063 .172 2.10 340 .19 50 7.41 237 .487 45. 0.000 1475 0 -6.344 -3.237 .U:17 .060 .197 1.50 10 .n 70 6.67 233 .351 4O. 0.000 1476 0 -5. ~ 14 -3.027 .213 .061 .222 0.00 0 • ;:> 4 70 5.93 227 .353 It • 0.000 1477 0 -4.803 -2.819 .238 .048 .243 .50 220 .,5 80 5.37 219 .369 ::Ie • u.OOO 1478 a -3.921 -2.6132 .247 .030 • 249' 1. 00 20 .25 80 5.00 211 .261 32. 0.000 1479 0 -3.032 -2.615 .247 .004 .247 0.00 0 .24 90 4.(,3 197 .393 32. 0.000 14110 0 -2.196 -2.584 .206 .036 .209 2.60 170 019 70 4.63 Ifl6 .2tO <' 4. 0.000 14711 0 -1.539 -2.316 .160 .097 .lflfl 3.60 150 .18 70 4.63 177 .296 4 I • 0.000 a

H 0 -.991 -1.957 .150 0100 0180 3.60 150 .18 70 4.82 158 1. 033 66. 0.000 00 -.448 -1.600 .153 .099 .182 1.50 UO .16 60 4.82 146 .364 36. 0.000 a14 0 -.017 -1.071 .062 ,221 .229 7. 70 160 .14 30 4.82 141 .294 70. 0.000 015 0 .I 51 -.239 .044 .232 .236 7070 160 014 30 4.72 131 .412 49. 0.000 0
19 0 .267 .l>76 .016 .281 .282 9.60 160 .15 20 4.63 121 • 353 43 • 0.000 0 I-'

0 .330 1. 6P? .019 .277 .;> 78 9.30 160 ,J5 20 4.63 110 • 382 43 • 0.000 0 J:>.
18 0 .lS20 2.515 .092 ,} 76 .199 10.30 160 .15 80 4.69 107 • 614 246 • 0.000 a 0

~6
a .666 3.428 .099 .345 .359 13.90 170 019 40 4.63 100 .440 17. 0.000 a0 1.306 4.519 .145 .249 .268 10.30 170 019 60 4.82 92 .491 72. 0.000 021 0 1.643 5.457 0151 .279 .317 12.40 170 .20 60 ~.09 82 .312 34. 0.000 a22 0 2.352 6.569 .130 0340 .364 14.40 170 .20 50 5.74 74 .2 iiI 24. 0.000 023 0 2.920 1.630 0190 .2',4 .309 11.30 170 .:n 70 6.(,7 68 .174 15. 0.000 024 0 3.564 6.4H .161 .229 .28.0 11.30 170 019 70 7. 78 62 .312 23. 0.000 a25 0 3.979 9.3 • 064 .236 • 2't 4 p.oo 147 017 60 8.lJ9 59 .349 29. 0.000 026 a 4.196 10.201 .067 .261 .269 0.80 170 .13 40 10.00 55 • it4 3 34. 0.000 027 0 4.476 11.125 .088 .251 .266 11.30 190 .09 30 11.11 52 .339 27. 0.000 02fl 0 4.704 11.961 .033 .214 .217 6.70 160 .12 20 12.41 49 .600 42. 0.000 029 0 4.994 12. H7 .152 .2'11 .285 4.60 190 .25 40 13.70 49 .690 53. 0.000 a

30 0 5.700 13.568 .223 .196 .297 1.50 210 .26 50 14.82 49 • 151 14. 0.000 031 0 6.539 14.274 .236 .209 .315 3010 220 .28 40 15.93 50 • 261 23 • 0.000 032 0 7.442 15.029 .275 .} 96 .336 3.60 250 .29 50 17.04 50 .066 6. 0.000 a33 a 8.406 !li.626 .242 .128 .273 3.60 50 .29 60 17.96 51 .250 26. 0.000 034 0 9.235 H.029 .240 .116 .267 0.00 0 .29 60 19.45 51 • 620 42 • 0.000 035 0 10.120 16.432 .252 .092 .268 2.60 330 .26 60 20.37 52 .113 11. 0.000 036 0 11.0B 16.751 .245 .096 .264 0.00 0 .26 60 21.67 51 .783 58. 0.000 037 0 11.R95 17.129 .243 .10R .26l> 0.00 0 .n 60 22.78 52 .231 20. 0.000 0

RMS ERROR IN COMPIJTFO DRIFT SEGt1f:NTS .4202 KM PHS FRROR IN POSITION 5.0785 K~ H.OJ1S



....,.,.r

"PROGRA" TCi:DPIF. ~ r,ADDr:T T LA~ r 11'10 I, TO 10112

lCEfJFRG PB30 rAe • ;> CIJ = • 1 )( DANGE -;>0,000 TO 10.00n K'1 Y DA"lGF -Lo.non Tn 20.000 101 o TRhCKS
rnrVN- a KflfVN- ()

I"lfTTH V .lOO~/~ SA orG thTHunE 5 ,; 0 FG 27 WllJ Q <;
Ch- .200 (We .100 r'" .0070 r:)( • .n020
SAIt APFh III ()() KFFl Ap FA 7;'00 S"pFACF. APr A 1,360 M**2 I' AS S .37()FtO~ MFTRIC T'1NS
Hntll~ rqs"l rA~T KM NnPT'1 111'1 EAST MIS N[lRTH TOTAL WPH) ~1I S FRON CIJQP FNT NIS TO RANGFIKNI AZ I M I<M ERRno PCT Tnl/FORCE DIR0 a -JS.3 0 2 -9.~18 .25~ • ) ~ 9 .300 10.!JO 170 .13 ~o 1 p .15 238 0.000 o. 0.000 a1 a -1~.f,lq -p. fl13 .1'17 .270 .33~ 1 J • 30 190 .09 30 17.22 239 • 1% 16 • 0.000 02 0 -13.9A9 -7.P~7 • 157 • ? 'j 1 .296 6.70 160 d2 20 16.30 2~0 • ? ~ 3 25. 0.000 a3 0 -13.~23 -b.954 • I ~ 1 .25t> .30? 't.60 190 .:? 5 'to 15.51, 24) .:?89 37. 0.000 04 a -12.776 -6.01'5 .200 .;>5(1 .Pf, J .50 UO .28 50 ) 4. "3 24J .516 56. 0.000 0'5 0 -12.002 -".109 .27" .2~" .33~ 3. ) 0 ~;>O .28 40 1],89 2~5 .I,4A '52. 0.000 a<' 6 a -11.J46 -~.245 .254 .? 33 .345 3.60 ;> 5·0 .29 50 12.41 247 • 3~ 8 n. 0.000 07 0 -10.193 -3.450 .270 .204 .339 3.60 50 .29 60 11.30 247 ,368 33. 0.000 aR a -9.n 7 - 2.7611 .275 • J 79 .32iJ o.on a .29 60 9.63 252 ,':101 42. 0.000 09 0 -8.212 -2.) 66 .2B2 .1'51 .370 '..60 330 .26 60 8.52 257 ,4(10 35. 0.000 a

C' 10 a -7, 204 -],"79 .276 • ) 25 .303 0.00 a .28 60 7. 2 '. ?60 • ? '51 1 B. 0,000 011 I) -6.2 J? -J .'.49 .264 .11'1 .21'7 0.00 a • '. 7 60 5.7'i 26 Q • 7(,3 43. 0.000 0 I-'12 a -5.323 -. Ar;5 .235 .106 .257 4.10 90 .26 60 4.87 276 0316 28. 0.000 0 ~13 a -4. ';>3 (; -.~Ill .17 9 .102 .205 4.10 50 .26 50 4.07 796 1.004 58. 0.000 a I-'('\ 14 a -4.033 -.110 • l79 .) 01, .167 ~.60 40 .'.6 50 3.98 312 • 531 47. 0.000 0 ' \15 0 -3.65f- .291, .075 • 123 • 144 6.70 70 .25 50 4.54 335 L 235 69. 0.000 a11:> a -3.57' .810 -.005 .169 .11,9 8. (lO fJn .27 40 5.28 346 .711 '59. 0.000 017 0 -3.660 1.545 -.062 .239 .247 10.30 90 .27 40 6.30 35'. • fJ 56 66. 0.000 0~) 18 0 -3.fJ37 2.48fl -.017 .275 .275 8.20 90 .21l 50 7. 59 360 .921 "2. 0.000 019 0 -3.782 3.505 .040 • 29 3 .296 7. 10 110 .27 50 8.70 3 .409 34. 0.000 020 a -3.615 4 • 5 "4 .0't2 .302 .30(i 7. 70 90 .21 40 10.56 7 • '11,9 49 • 0.000 a21 a -3.447 5.661 .065 .291, .303 6.20 100 .27 50 12.04 10 .70't 44. 0.000 022 0 -3.145 6.709 .091 .287 .302 6.70 80 .32 50 13.15 J 2 .343 29. 0.000 a23 0 -?79'i 7 • 74/, .094 .295 • 310 5.70 90 .32 40 14.45 15 .657 44. 0.000 a24 a -2.443 8.'140 ol07 .311 0329 5. l() 50 .39 40 ) 5.56 18 .760 56 • 0.000 025 0 -?O?6 9. 9'J 2 • 170 .326 .3',7 5.70 70 .41 'iO 17.04 20 .608 3 B. 0.000 026 0 -J .619 J) .192 .101 .345 .360 7.70 80 • '. J 40 J 8. ) 5 21 .186 33. 0.000 a27 0 - J • 3'i ~ 17.(,59 .0'• ., .356 .3AO 10.30 AO .41 '.0 19.0 fJ U ."40 65. 0.000 0
RMS ERP,fJP IN cnMPUTrn nRIFT SEGMFNTS ."457 I<M RMS FPROP, TN PUSTTION 5.5'199 K~ 27. on S



f'Rllr,"~'" IUIl!;'lr, f' r:~'ipr'l I A\ T Pno I 10 1 Q fl ?

TCtflrpc; PI"\1 JI,n (A=7.110 C'J~1.I,n ~ 0 i.~'(.f -~.ono Til 10.000 MM Y RANGr -~.oun Tn 10.0uO K~ o TR ArKS

InrVN. 17 KorUM. 0

INITIH V •'. zn "'IS Z', 'l I) FG I.AflTllnr )5 orr, 1° qnllPS
Cll-Z.UO n C\4·I.(,00 r<-;- .001.0 ex • • 007.0
SA Jl ARTA 1'00 "'HI A'IfA l?on S"PFACt ARfA qooo '1** 7 'jh <; S .400Ho':> ~lrTRTC TnNS

Hnl)p P[)~N fACT KM ''''lpT'I VFt r A <; T " I S II(1oTH HII At. WPill tl/<; FRf) M r. II P RFtH 11/ S TO IHNGF(I<MI A1 p~ K'1 FRROR PeT fOI/FORCE OIR
U I) 7. 009 -Z. PI -. V)Z -.151 .4?0 1•• 60 15lJ • 14 16U 7.59 111 I).UOO O. 0,000 0
1 0 (->.533 -?350 -.1112 • 16 fJ .1 fl3 4.60 1 I, (' .10 40 ~.4B 114 .675 '5 f' • 0.000 a
2 0 " • ':l f, B -1.719 -.016 .17':> .IBO 4.10 150 • 10 30 5.5f) 110 .54(, :; 4. 0.000 0
3 0 b.? I,,, -],05" -.02' • 1'j 'J .?OO ',.60 HO .t? 40 ".00 104 .2:08 33. 0.000 0
4 I) ".1 no -.'']0 -.OU .2'0 .222 'j • 70 150 • L? ',0 4.61 69 .5'53 42. 0.000 0
'i 0 1>. f) 7" • t'i (,7 -. f121] .19'] .?01 'j. 10 150 .10 40 4.94 00 • 34(, 43. 0.000 0
6 0 S. '172 1.0'76 -.U67 • 13', .1',9 4. 10 1'.0 .08 340 5.19 67 .5" 1 4fl. 0.000 a
7 0 '5.

'
,4 '5 1. "1 p -.071 .122 .142 5.10 1'.0 .04 20 ~.5':> (,9 .R39 202. 0.000 a

R a ~ .1'1} 1. t19 3 -.on.; .on .114 '•• 1-,0 150 .0(1 ?'10 '5.7 'i 6'. .2 'll 53. 0.000 a
9 I) 'i.024 2.1.?') -.1 D .')hZ .1'8 ',.1 n 1',0 • :)'1 300 5. n 3 6;> .349 157. 0.000 a

10 0 4.S'H 2.3',4 -.1 '. ') .057 .160 4.1.0 140 .14 3110 5. I, 5 67 • '127 <'31. 0.000 a
1 t 0 3.°39 2.579 -. 1'..1'; .oeo .210 4.60 140 .17 310 5.56 5'l .396 lZ'l. 0.000 a
12 0 3.1'53 2.991 -.740 • 157 .287 5.10 130 .71 340 5.37 48 .321 30. 0.000 a
13 0 2.339 ? .5'54 -.204 .J31 .242 4./:10 140 .16 3?0 4.44 40 • '1l7 71. 0.000 a

\, ' 14 a 1.1;10 4.037 -.207 .153 .?'if) '5. 10 1 'I () .17 3'.0 4.17 23 .503 39. 0.000 a
15 0 .775 'i. 737 -.263 .?44 .359 7. 20 130 .24 350 5.00 4 .634 37. 40.000 350
16 a -. t 3 '3 f:'.71,5 -.234 .Hl ./54 6.::>0 140 .21 360 6.4fl 355 • 558 32. 40.000 350
17 a -1.020 'l.052 -.260 .660 .710 7. 70 151) .32 3611 fl. 15 350 .721 40. 0.000 0

( , lA 0 -l.An 10. '.77 -.207 .13/ .191> fl.20 1'50 .'1 3'>0 9."2 351 .725 43. 0.000 a
RMI'; [DPOP IN (O'1r>IITff'l I)lllrr ~F(;f1pn'i .557? KM PHS [RRIll;> IN POSITION .'l"i16 K'1 lA.nl\S

(~,

)CEBERG RB1760 cA·Z.OO 01-1.60 ~ PllNbF -5.000 TO 10,000 KM ' V QANGE -5.000 TO 10.000 KM a TRACKS

I f)EV~J- H K(lEVN- 0 I-'
oJ::>
N

INJTtAl I) .4?0 MIS 249 DEG LATlTtlDE 55 OEG lA HOORS
CA-2.000 CW·1.600 CS" .OO?O CX, .OO?O
SAil "PFA ROO Kr:H AREA 3200 SlIPFACE ARH 8000 M**2 M""S .400Ft06 METRIC TONS(
HOUR POSN FAST KM NllllTH VEL FAST MIS NORTH TOUl WINn MIS FROM CURRENT MIS TO RANGElKMl AZIM KM ERROR PCT TOWFORCE OIR

o a 7.089 -2.721 -.392 -.151 .420 4.60 150 .14 360 7.59 111 0.000 O. 0.000 a
(;

1 0 6.~33 -2.350 -.072 .166 .183 4.60 150 .10 40 6.48 114 .675 58. 0.000 02 0 6.366 -1.719 -.036 .176 .160 4.10 150 .10 30 5.56 110 .546 54. 0.000 a
3 0 6.256 -1.055 -.022 .196 .200 4.60 160 .12 40 1.'.00 104 .258 33. 0.000 04 0 6.160 -.298 -.021 .220 .22? 5.70 150 .12 40 4.63 89 .553 42. 0.000 05 0 6.075 .467 -. ()?8 .I 99 .201 5.10 150 010 40 4.94 80 .346 43. 0.000 0

C. 6 0 5.927 1.076 -.067 .134 .149 4.10 140 .OB 340 ~. 19 67 .561 4e. 0.000 07 0 5.645 1.'i16 -.011 .122 .14<' 5.10 140 .04 20 5.56 69 .839 202. 0.000 08 0 5.381 1.893 -.084 .077 .114 4.60 150 .06 290 5.74 64 .281 53. 0.000 09 0 5.024 2.129 - 0113 .062 .12'1 4.10 140 .09 300 5.63 62 .'349 157. 0.000 a( , 10 0 4.550 2.344 - .149 .057 .160 4.10 14 a .14 300 5.65 62 .427 ?31. 0.000 a11 0 3.938 2.579 -.195 .060 .210 4.60 140 • l'l 310 5.56 59 .396 129 • 0.000 012 0 3.153 2.991 -.240 .151 .287 5.10 130 .7.1 340 5.37 48 .321 30'0 0.000 a13 0 2.339 3.554 -.204 .pl .2'12 4.60 140 .1'> 120 4.44 40 .817 71. 0.000 014 a ], 610 4.037 -.207 • 53 .258 5.10 130 011 340 4.17 23 .503 39. 0.000 a15 0 .715 4.737 -.263 .?44 .359 7.20 130 .24 350 5.00 4 .634 3 7 • 0.000 35016 0 -.155 5.729 -.241 .301 .• 386 6.20 140 .27 360 6.46 355 .478 28. 0.000 35017 a -1.022 6.945 -.249 .377 .45? 7, 70 150 .32 360 8.15 350 .352 20. 0.000 0lA 0 -L.8l;8 P.?';7 -.708 .3':\7 • 391, A.20 150 .21 360 9.1'2 351 .799 4 fl. 0.000 a
RMS ERROP IN COHPIITrO ORTFT ~F.(;'1ENTS .53 fl6 KM RMS FPRQR TN POSITIQN 1.00A5 K'1 lA.OAS



\'

PROGRAM ICEDRIF, A r,A~RETT LAST Non 6 10 1982

ICE8ERG F02i' CA-0.5 CW-1,7 )( RANGE -5.000 TO 15.000 KM Y RANGE -10.000 TO 10.000 KM o TRACKS
IDEVN- a KOFVN- 0

tNITIAl V .320 MIS 340 OEG LA T!TUOE 54 OEr, 30 HOU~S
CA- .500 CW-l.100 cs- .0020 ex- .0020
SAIL AREA 1180 KEEL AREA 1120 SURFACE AREA 6400 MH2 MASS .400~+06 METRIC TONS
HOUR POSN EAST K~ NORTH VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGE(KMI lIZ 1M KM ERROR PCT TDWFDRCE OIR0 0 6.015 -5.866 -.109 .301 .320 14.00 110 .12 340 8.45 134 0.000 O. 0.000 a1 0 5.185 -5.034 -.098 .206 .228 13. 00 170 .1 ? 310 7. 59 135 .533 62. 0.000 a() 2 0 5.437 -4. 29 i -.088 .209 .221 13.00 110 .11 320 6.61 132 • 119 18 • 0.000 03 0 5.205 -3.53 -.036 .214 .217 13.00 110 .09 350 6.04 128 .039 5. 0.000 04 0 5.]30 -2.715 -.001 .205 .205 14.00 170 .01 10 5.44 121 .158 17. 0.000 a5 a 5.162 -2.058 .026 .193 .195 13. 00 180 .0 7 20 5.31 113 .244 32. 0.000 0n 6 0 5.259 -1.424 .023 0157 .159 12.00 180 .04 20 5.37 106 .206 44. 0.000 a1 a 5.345 -.660 .027 .159 .161 11. 00 175 .06 30 5.44 102 .137 24. 0.000 a8 a 5.484 -.365 .053 .112 .124 11.00 180 .05 90 5.61 96 .127 21. 0.000 a9 a 5.621 .001 .019 .098 0100 11.00 1BO .01 160 5076 92 .035 8. 0.000 0 f-'0 10 0 5.651 .326 -.002 .018 .018 12.00 190 • a 5 220 5.67 90 .163 74. 0.000 a ..".11 0 5.A41 .576 -.002 .062 .062 11. 00 200 .06 230 5.83 80 .768 76. 0.000 a w12 0 5.702 .943 .039 .150 .155 11.00 200 .06 360 5.83 74 .303 50. 0.000 013 a 5.051 1. 549 .039 .} 83 .} 87 12.50 210 .09 340 5.89 67 .3n 48. 0.000 aI) 14 0 5.961 2.155 .022 .149 .151 11.50 200 .05 330 6.28 59 0359 38. 0.000 015 0 6.058 2.689 .034 0150 0154 9.00 210 .08 350 6.85 55 .211 29. 0.000 016 0 6.219 3.195 .057 .127 0139 8.00 200 .06 30 6.85 53 .434 182. 0.000 017 0 6.498 3.543 .101 .063 .119 9.00 200 .08 L10 7019 51 .174 42. 0.000 0Cl 18 0 6.8e8 3.846 .108 .119 .160 8.00 210 .09 40 7.54 52 .1'38 50. 0.000 019 0 7.280 4.355 .112 .158 .194 9.00 190 .12 50 7.87 52 • 330 99 • 0.000 020 0 7.638 4.864 .081 .118 .144 9.00 190 .06 60 (l.U 52 .381 141. 0.000 a21 0 7.837 5.135 .029 .026 .040 8.00 180 .06 170 8.22 52 .248 268. 0.000 0C 22 0 7.882 5.263 -.001 .054 .054 1.50 180 .02 230 8.19 51 .161 113. 0.000 0

' I

23 0 7.816 5.491 -.037 .074 .083 8.50 170 .04 260 8.19 49 .119 42. 0.000 024 0 7.603 5.lI59 -.OBI .131 .154 8.50 160 .09 310 8.33 45 .117 30. 0.000 025 0 7.132 6.461 -.193 .202 .279 10.00 100 .22 330 8.63 40 0111 21. 0.000 0(', 26 0 6.541 7.212 -.119 .209 .241 10.00 155 ol4 330 9.45 31 .750 80. 0.000 027 0 6.212 7.948 -.070 .197 .209 10.00 160 .11 HO 10.19 34 .380 42. 0.000 028 0 6.067 6.621 -.008 ,]77 .I 71 11.50 165 .01 20 10.19 33 .515 324. 0.000 029 0 6.079 9.201 .008 .144 .145 11. 00 170 .04 30 10.56 33 .329 69. 0.000 030 0 6.099 9.707. .001 .136 .136 11.00 162 .04 40 10.'n '32 .090 22. 0.000 0
RMS FRROR IN COMPUTEO ORIFT SEr,NENTS .3321 KM RMS ERROR IN POSITION .<)700 KM 30.DRS



PROGRAM ICEORIF. (l (;ARPE TT LAST MOO b 10 lQ82

ICEflERG KOl3 (A-0.6 (W-0.7 \( RANGE -10.000 TO 10.000 KM '( RANGE -10.000 TO ~O.OOO KM o TpA(K5
IOEVN- -1~ KOFVN- l'i

INITIAl V .200 ~/S 210 nEG LATITUOE 59 nFG 16 HOURS
CA- .600 C\I- .700 cs- .0020 cx- .0020
SAIL AREA 11100 I(EFl ARFA 7AOO SURfACE ARFA 1200 MH;> MASS .800~+06 METRIC TONS
HOUR POSN EAST KM NORTH VEL fAST MIS NORTH TOTAL WINO MIS FROM (URRENT MIS TO RIINGE(KMI AZIr1 KM ERROR PCl TOWFORCE 01R0 o 8.414 5.055 -.100 -.173 .200 7.00 3,0 .23 220 9.82 59 0.000 O. 0.000 01 0 7.933 4.358 -.139 -.17~ .224 6.00 B~ .11 220 9.63 60 .613 2't 4 • 0.000 a2 0 7. 469 3.802 -.127 -01't2 .190 7. 00 340 .11 240 8.89 62 • 090 ll. 0.000 03 0 6.Cl14 3.223 -.202 -.194 .280 9.00 10 .21 230 (1.15 65 .177 20. 0.000 04 0 5. Q 3 2 2.436 -.346 -.234 .417 9.00 360 .38 240 6.85 70 .315 22. 0.000 a5 0 4.502 1. 593 -.432 -.231 .490 9.00 340 .45 244 5.74 81 .895 55. 0.000 06 0 2.lH9 .771 -.466 -.226 .517 9.00 340 .47 245 4.63 n .6?6 42. 0.000 07 a 1.237 -.118 -.434 -.280 .516 9.00 340 .42 230 3.52 107 0381 25. 0.000 08 0 - .173 -1.069 -.343 -.220 .408 11.00 330 031 250 2.41 135 .375 2l. 0.000 a9 0 -1.280 -1.777 -.281 -.184 .336 10.00 330 .27 250 2019 Ib2 .342 31, 0.000 010 0 -2.2"8 -2.379 -.21b -.146 .312 10.00 345 .25 260 2.96 207 1.033 49. 0.000 a11 0 -3.237 -2.'J95 -.254 -.219 .335 12.00 340 .23 240 4.b3 225 .9bO 47. 0.000 012 a -4.046 -3.787 -0191 -.199 .276 10.00 3140 .14 240 5.56 231 .615 5e. 0.000 a13 0 -4.754 -4.579 -.229 -.260 .346 13.00 360 .ZO 230 7.04 234 .687 45. 0.000 014 0 -5.62? -,.665 -.231 -.348 .417 12.00 320 .33 220 6.33 229 0366 25. 0.000 015 0 -6.514 -6.984 -.286 - 037 2 .469 13. 00 320 .42 230 9.63 225 .372 26. 0.000 016 0 -7.657 -fl.344 -.341 -.384 .514 13.00 325 .44 230 10.74 227- .7813 64. 0.000 0
RM5 ERROR TN COMPUTED ORI~T SFGMENTS .~043 KM RMS ERROR IN POSITln~ 1.20131 KM 1b.nflS

ICEBERG LRI CA-0.2 CW-l.3 )( RANGE -10.000 TO 10.000 KM Y RANGE 0.000 TO 20.000 KM o TRACKS

IOEVN- o KOEVtl- 0
I

I-'
.s:::.

lNITIAL V .120 MIS 320 DEG. LATITU08 ~4 n~G 213 HOURS .s:::.
A- .200 (\1-1.300 CS-. 020 cx- • 020

MASS .2001'+07 METRIC T~NSSAIL ARFA 2520 KEEl AREA 1001'10 SlJRFII(E AREA 10000 MHZ

HOUR POSN EAST KM NORTH VEl EAST MIS N[lRTH lOTAl wIND MIS FROM CURRENT ,US TO RAN!;E (KM I AZIM KM ERROR PCT 'OWEORCE DIR
o 0 2.357 2.157 -.077 .092 .120 10.50 135 .11 60 3.33 4, 0.000 O. 0.000 01 0 2.328 2.711 .020 .094 .09b 11.00 120 .07 75 3.41 38 .231 55. 0.000 a2 0 2.426 3.052 .036 .103 .109 10.50 130 .11 "0 3.41 33 0319 128. 0.000 03 a 2.530 3.310 .001 .006 .OOb 14.50 115 .13 190 3.43 30 .<:'89 Ibl. 0.000 a4 0 2.443 3.266 -.027 -.002 .027 14.50 117 .09 120 3.43 26 0199 83. 0.000 05 0 2.307 3.1b2 -.06't .059 .08b 13.50 115 .05 343 3.46 10 .800 83. 0.000 0) 6 0 1.953 3.b2'3 -.134 .074 0153 13.00 115 015 270 3.80 0 • 274 38 • 0.000 07 0 1.360 3.876 -.173 .Ob7 • 186 12.00 120 .13 270 4.44 357 .5Zl 76 • 0.000 08 0 .721 4.171 -.195 .107 .222 13.50 125 .15 300 6.00 341 1. 418 67. 0.000 09 0 .034 4.620 -.170 .130 .221 13.00 135 .13 290 6.56 341 .512 92. 0.000 a10 0 -.573 5.083 - .163 .12 fl .207 13.00 135 .13 (91) 6.56 341 .764 O. 0.000 a11 0 -1.119 5.,}39 -.136 .124 .184 12.50 150 .10 290 6.93 343 .657 15 O. 0.000 012 0 -1.517 5.975 -.082 .1I9 .143 12.00 165 .05 300 7.22 342 .270 84. 0.000 013 0 -1.713 6.416 -.029 .132 • 135 11.50 1b5 .06 10 7.59 344 .33b 14 • 0.000 014 0 -1.805 6.865 -.041 0103 .111 13.50 165 .10 270 7.59 346 .515 19y' 0.000 015 0 -2.010 7.700 -.061 .092 .110 13.50 In .06 270 7.59 347 .451 34 • 0.000 a16 0 -2.166 7.605 -.015 .143 .144 13.50 190 .08 12 7.96 348 .208 53. 0.000 017 0 -2.ll7 8.167 • 031 .153 .157 14.00 1fl5 .05 a 8.52 34~ .165 30 • 0.000 018 0 -2.048 8.797 -.011 .215 .215 13.00 185 .27 340 8.89 346 .561 117. 0.000 a19 0 -2.243 9.734 -.095 .29:3 .313 12.00 185 .3& 130 9.63 347 .253 33. 0.000 020 a -2.621 10.917 -.098 • 35') .369 13.00 185 .JO 140 10.19 3't 5 .733 112 • 0.000 021 0 -2.fl29 120174 -.002 .325 .325 14.00 190 .20 10 10.00 346 1.455 569. 0.000 022 a -2.729 13.310 .035 .31b .311l 15.00 200 • 25 350 12.04 346 1.029 51 • 0.000 023 a -2.4&0 14.31l .152 .202 .253 14.50 200 .20 ~O 12.96 347 .278 29. 0.000 024 0 -1.676 14.1It7 .262 .050 .2b6 13.00 200 .26 110 13.52 350 .326 37. 0.000 025 0 -.693 14.524 .210 -.191 .331 13. 00 205 .41 150 13.09 354 .728 71. 0.000 026 0 .090 13.456 .140 -.384 .409 13.00 210 .48 IIlO 13.09 356 1.150 237. 0.000 a27 a .411 11.957 .069 -.431 .43& 12.00 310 .37 180 13.33 159 1.053 116. 0.000 a28 0 .4RO 10.4% -.061 -.3AO .16A 6.')0 100 .10 no 13.11 2 1.'593 22fl. 0.000 0

PM<; ERROR IN COt1PlJlFO 01111" SFr,MFNTS .7215 KM RMS FPROR IN PO<;ITION 1.~048 KM 29.0R<;



PROGRAM lCFORJF, f\ GARRF TT LAST MOO 6 10 19B2

ICEBfRG L6X rA-0.6 CW-l.0 60,-(,0 )( RAN(;!' -5.000 TO 10.000 Kf1 Y RAN(;!: -15.000 TO 0.000 KM o TRACKS

IfHVN- 60 KOFVN- -"0

INITIAL V .110 Mle; 260 DEG UTlTliOE 5'. OFG 46 HOllP.<;
CA- .600 (W-l.000 cs- .0020 cx- .0020
SAIL AREA 57?0 \<EFt ARF A nASO SURFACE ARFA 15000 MH2 ~'A SS .1811'+07 MFTRTC TONS

HOUR POSH EAST KM NnRTH VEL FAST MIS NORTH TDTAL WINO MIS FROM CURRENT MIS TO RANGElKMI AZIM KM ERROR peT TOWFORCF OIR0 0 9.032 -2.762 -.108 -.019 .11 0 5.00 150 .10 250 9.45 107 0.000 O. 0.000 a1 0 tl. 723 -2.967 -.0136 -.075 .114 4.50 145 .ll 260 9.07 106 .466 115. 0.000 02 0 B.379 -3.255 -.106 -.OB1 .p3 '•• 00 145 .11 275 8.B9 105 .531 219. 0.000 03 0 7. 961 -3.515 -.125 -.059 • 38 4.50 155 • 09 290 8.70 104 .533 221 • 0.000 a4 0 7.486 -3.666 -.139 -.025 .) 41 5.00 155 .08 310 B.70 103 .592 3B9. 0.000 a5 0 6.980 -3.729 -.141 -.017 .142 5.00 140 .08 310 9.07 106 .889 141' 0.000 06 0 6.525 -3.749 -.104 .015 .10'5 5.00 150 • 03 20 9.35 101 .709 22 • 0.000 07 0 6.1fl9 -3.631 -.090 .047 .102 '5.00 140 .06 40 9.35 111 .746 114. 0.000 08 0 5.929 -3.445 -.0't5 .050 .06B 4.50 150 .04 110 9.26 114 .601 121. 0.000 a9 0 5.809 -3.281 -.030 .042 .051 5.00 140 .05 110 9.07 llil .134 110. 0.000 a10 a 5.719 -3.180 -.020 .007 .021 4.50 120 .04 170 8.70 121 • '51)3 95 • 0.000 a11 0 ') .614 -3.237 -.046 -.037 .059 5.00 125 .05 240 8.15 123 .532 85. 0.000 a12 0 5.443 -3.424 -.03" -.063 .072 4.50 105 .06 '.10 7.59 12& .5 't 5 79. 0.000 013 a 5.340 -3, &BO -.02& -.079 .083 5.50 120 .08 205 7.04 130 .678 90. 0.000 a, ; 14 0 5. ] 9] -3.969 -.064 -.077 0100 6.50 140 .01 230 6.48 132 .637 106. 0.000 015 0 4.656 -4.255 -.122 -.01l9 • 151 6.50 135 .11 268 5.93 135 .523 81. 0.000 016 0 4.398 -4.577 -.121 -.081 .146 5.50 135 .OB 270 5.19 134 .910 122. 0.000 017 0 4.037 -4.852 -.075 -.077 ,] 07 5.00 130 .013 235 5.00 133 .548 267. 0.000 018 0 3.1305 -5.121 -. 061 -.0&9 .092 3.50 155 .08 250 5.28 13 ? .519 178. 0.000 019 0 3.579 -5.332 -.066 -.046 .080 3.50 195 .OB 270 5.74 ] 31 .636 135. 0.000 020 0 3.331 -5.431 -.072 -.008 .072 3.00 220 • 06 315 6.30 132 .690 122 • 0.000 021 0 3.092 -5.392 -.055 .024 .060 5.00 230 .06 285 6.67 138 .781 101. 0.000 0( \ 22 0 2.971 -5.263 -.01)& .051 .052 5.50 275 .03 330 6.05 140 .429 143. 0.000 0 I--'
23 0 2.955 -5.079 -.022 .049 .054 5.00 205 .0 " 320 7.04 143 .575 I'll. 0.000 0 J::o
24 0 2.809 -'i.900 -.050 .04B .069 4.50 205 .04 310 7.04 152 1.102 100. 0.000 0 U125 0 2.6?7 -4.762 -.049 .026 .056 &.50 1'15 .05 230 7.04 ]59 • 777 9 v • 0.000 0'J 26 0 2.502 -4.691 -.013 .019 .023 4.00 180 .05 170 6.95 162 0273 72. 0.000 027 0 2.497 -4.634 .003 .009 .009 4.50 165 .06 185 6.67 166 .535 97. 0.000 a21l 0 2.469 -4.660 -.025 -.027 .037 5.00 145 .0 7 230 6.39 168 • 355 99 • 0.000 029 0 2.3H -4.A.31 -.019 -.065 .068 5.00 145 .11 210 6.30 174 .589 B8. 0.000 01'\' 30 0 2.263 -5.105 -.052 -.084 .099 5.00 140 .10 245 6.02 175 • 541 162 • 0.000 031 0 2.021' -5.434 -.070 -.098 .]20 4.00 ]30 .11 250 5.74 175 .641 231. 0.000 a32 0 1.685 -5.792 -.136 -.094 .166 6.50 135 .10 290 5.74 174 .576 575. 0.000 033 0 1.117 -6.091 -.166 -.075 .183 5.50 110 .11 310 5.46 171 1.025 2'i4. 0.000 0( , 34 0 .499 -6.335 -.l78 -.058 .187 7.00 110 .10 330 5.56 1 I) A. .941 ' ,HI. 0.000 035 0 -.137 -6.487 -.173 -.026 .175 6.00 130 .09 330 5.93 168 .744 201. 0.000 036 0 -.703 -6.494 -.137 .025 ,] 40 6.00 170 .05 34 a 6030 ] 6A • 734 198 • 0.000 037 0 -1.135 -6.381 -.108 .025 .1l1 5.00 115 .05 5 6.85 171 .7 Ii A 114. 0.000 0( 1 38 a -1.462 -6.299 -.069 .0213 .074 4.00 110 .05 60 6.95 178 .563 66. 0.000 039 0 -1.608 -6.1M -.011 .046 .048 1. 50 130 • 06 105 7.04 181 .318 84 • 0.000 a40 0 -1.550 -6.016 .042 .025 • 049 3.00 60 .OB 150 7.22 186 .751 116 • a.ovo 041 0 -1.348 -6.045 .063 -.047 .079 7.00 85 013 150 7.41 190 .737 136. 0.000 0() 42 0 -.981 -6.300 oJ 5'\ -.097 .186 8.50 45 .20 150 7. 59 194 .937 169. 0.000 043 0 -.403 -6.770 .127 -.155 .200 7.50 55 .11 185 7.78 195 .818 358. 0.000 044 0 .014 -7.388 .130 -.185 .226 8.00 35 .15 185 7. 96 196 .765 332. 0.000 0

n 45 0 .455 -8.132 .092 -.231 • 249 12.50 35 .08 230 8.33 19B .948 203 • 0.000 046 0 .706 -9.073 .05'> -.291 .296 15.00 10 .12 260 A.A9 197 .457- 7Q. 0.000 0
RMS ERROR TN COMPlJTFO ORI FT SI=GMENTS .6Al'i KI1 RI1S ERROR TN POSITION 1.0046 KM 46.0pS





PROGRAM ICEORTE, R GARRETT lA~T MOO 6 10 1092

iCEBFRG SK024 ell-o.3 1 CII-0.2 X R" NGE -10.000 TO 20.000 KM Y RANGE -15.000 Tn 15.000 KM a TRACKS
T"EVN- a KOFVN- 0

tNlT tAL V .150 MIS 280 OEG UTlTUnE 5A OEG 50 HOURS
CA- .300 CW- .200 (s- .0020 CX- .0020
SAIL "REA 1200 KEF!. ARU 4800 SlJRFIICE ARFA 4200 M++7 MASS .300Et06 ~FTRIC TONS
HOUR POSN EAST KM NORTH VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGE(KH) All"., KM ERROR PCT TOI/FORCE OIR0 a 9.649 9.QQ2 - .141'\ .026 .150 'j.70 260 .10 196 13.89 44 0.000 O. 0.000 01 0 9.444 9.995 .008 -.030 .031 6.20 285 .10 21Q 13.52 43 .249 56. 0.000 02. 0 Q.556 9.669 .031 -.163 .166 6.70 310 .n 214 12.96 44 .403 67. 0.000 03 0 Q.664 8.882 .037 -.257 .259 8.20 287 .n 201'\ 12.04 47 • 451 4 O• 0.000 04 0 9.789 7.899 .022 -.284 .21'15 6.70 2Q5 .21 208 11.30 53 .438 31. 0.000 05 0 9.832 6.887 .011 -.271 .271 10.30 300 .15 233 10.Q3 57 .191 22.. 0.000 06 0 9.869 5.905 .003 -.2El7 .2El7 12.40 320 015 245 10.56 60 .314 47. 0.000 a7 0 9.870 t, .854 .008 -.286 .286 13.40 330 .05 270 10.28 64 .294 3 e. 0.000 08 0 9.903 3.830 -.001 -.289 .21'\9 13.40 340 .05 265 10.00 64 • 946 341 • 0.000 a9 0 9.926 2.808 .030 -.274 .275 12.90 330 0.00 a 9.63 67 .427 67. 0.000 010 0 10.059 1. e 73 .026 -.245 .246 11.30 330 .05 274 9.07 67 .965 174. 0.000 011 0 10.078 1.028 -.016 -.228 .229 9.30 340 .05 244 8.70 69 .4E16 100. 0.000 a12 0 10.005 .285 - .011 -.179 .p9 7.70 300 .05 248 7.78 71 .716 74. 0.000 013 0 9.982 -.286 -.013 -.144 • 44 6.20 346 0.00 0 7.04 73 .609 78. 0.000 014 0 9.806 -.750 -.040 -.112 .119 4.60 5 0.00 0 6.67 79 .334 41. 0.000 015 a 9.712 -1.245 -.051 -.19'5 .201 7.70 360 .21 195 6030 85 .249 32. 0.000 016 0 9.415 -2.235 -.148 -.334 .366 9.30 10 .26 233 6.04 93 .137 15. 0.000 017 0 6.603 -3.323 -.286 -.234 .370 6.20 20 .25 264 5.89 101 .629 74. 0.000 018 0 7.613 -3.870 -.223 -.074 .235 4.60 10 .05 302 5.87 107 • 825 134 • 0.000 a19 0 6.980 -3.Q38 -.150 .029 .153 4.10 15 .15 340 5.80 113 .598 97. 0.000 020 0 6.508 -3.735 - .107 .069 .127 4.60 360 .10 0 6.11 117 .920 176. 0.000 021 0 6.2<'0 -3.495 -.054 .060 .081 4.10 320 .05 0 6.67 125 1.324 126. 0.000 0 f-'('.', 22 0 6.106 -3.318 -.014 .037 .039 4.10 330 .05 21 7.04 126 .714 138. 0.000 a oJ:>,23 0 6.091 -3.244 .003 .003 .00ft 4.60 345 .05 313 7.59 12'1 .639 H2. 0.000 0 -...j24 a 6.09ji -3.303 -.005 -.036 .036 4.10 Ii 0.00 0 7.22 130 .420 107. 0.000 025 0 6.048 -3.497 -.021 -.070 .073 3.60 5 .05 197 6. 'l5 134 .562 91. 0.000 a(') 26 0 5.934 -3.799 -.046 -.095 .107 2.60 10 .10 24'; 6.67 136 .324 108. 0.000 027 0 5.679 -4.165 -.095 -.10& .143 2.60 350 .15 255 6.43 131 • 462 173 • 0.000 028 0 5.265 -4.533 -.129 -.091 .1'58 2.60 350 .10 263 6.33 140 .239 69. 0.000 029 0 4.801 -4.759 -.120 -.026 .123 1.50 360 .::15 330 6.57 143 .309 94. 0.000 0n 30 0 4.418 -4.721 -.096 .043 .106 1.00 35 .10 34f:J 6.65 143 .439 593. 0.000 a31 a 4.113 -4.471 -.070 .091 .115 1.00 0 .10 6 6.85 147 .688 134. 10.000 16032 0 4.263 -5.208 .071 -.267 .296 5.10 120 .15 3 7.22 150 .354 68. 10.000 16033 0 4.'ii34 -6.404 .083 -.400 .409 3.10 160 0.00 0 7.78 1'52 .627 102. 10.000 180

(I 34 0 4.490 -7.641 -.044 -.358 .361 2.60 160 .10 20 8.f19 155 .289 24. 10.000 19035 0 4.164 -8.975 -.107 -.282 .301 2.60 170 .15 16 9.45 160 • 374 3f' • 10.000 19036 0 3.776 -10.0l!l -.107 -.311 .329 3.60 160 .10 31 10.56 167 .594 36. 10.000 19037 0 3.370 -ll.220 -.122 -.354 .374 5.10 160 • I) 5 39 10.93 167 .973 263. 10.000 19038 0 2.883 -12.572 -.149 -.396 .425 4.10 160 0.00 0 11.48 167 1. 016 183. 10.000 18039 0 2.503 -14.062 -.081 -.419 .428 5.10 1~5 0.00 0 12.04 168 .952 161. 10.000 18040 0 2.203 -15.580 -.OB1 -.425 .432 4.10 165 0.00 0 12.41 168 1. 215 328. 0.000 041 0 1.900 -16.225 -.0'10 -.057 .106 5.70 150 0.00 0 12.59 16fl .716 311. 0.000 042 a 1.545 -16.161 -. 106 .089 .138 7.20 150 .0 5 327 12.96 167 .754 174. 0.000 0t,3 0 1.160 -15.608 -.105 .215 .240 7. 20 155 015 343 12.96 168 .624 276. 0.000 044 0 .833 -14.716 -~070 .261 .270 5.70 130 .15 4 12.96 170 .985 218. 0.000 045 0 .'i98 -13.737 -.074 .291 .300 7.20 120 .21 2 12.96 16f' 1.122 248. 0.000 a46 0 .303 -12.588 -.083 .350 .359 6.70 1 t.5 .26 355 11.48 171 .633 39. 0.000 047 0 .022 -11.236 -.073 .396 .402 7070 145 .26 154 12.04 171 I. 936 348. 0.000 048 0 -.} BQ -9.B21 -. 037 .378 .379 7.20 140 .21 7 11. 30 173 .795 94. 0.000 049 0 -.289 -8.469 -.027 .387 .388 7.70 141 .26 5 10.93 174 1. 015 243. 0.000 050 0 -.417 -7.0'i5 -.051 .3fJ8 .':\92 9.30 130 .21 <,. 10.37 176 .939 141. 0.000 0
RHS ERROR IN [O~PUTEO ORTET SEGMENTS .7276 KM RM~ ERROR IN POSITION 2.?603 KM 50.0flS
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PROGRAM ICEORJF, B GARRETT LAST MOD 6 10 1962

ICEBERG SK042 CA-2.0 rW-1.2 X RANGE -5.000 TO 15.000 KM Y RANGE -10.000 TO 10.000 KM o TRACKS
IOEVN- 20 KOEVN- -15

INITIAL V .200 MIS 335 DEG LATITUDE 56 OEG 45 HOURS
CA-2.000 CW-l.200 CS- .0020 ex- .0020
SAIL AREA 22'10 KEEl AREA 9000 SURFACE AREA 14000 Mtt2 MASS .500Et06 METRIC TnNS

HOUR POSN EAST KM NORTH VEL EAST MIS NORTH )OTAL WINO MIS FROM CURRENT MIS TO RANGE (KM) AZ 1M KM ERROR PCT TOWFORCE DIRo 0 15.993 -3.966 -.065 .181 .200 12.90 105 .36 333 16.46 104 0.000 O. 0.000 01 0 14.132 -3.091 -.550 .272 .613 13.40 95 .41 342 15.93 101 1.504 148. 0.000 02 0 12.225 -2.078 -.508 .291 .585 12.90 105 .36 343 15.00 96 1.129 92. 0.000 0 ..._~3 0 10.523 -1.033 -.437 .2e9 .523 10.80 100 .36 346 14.26 97 1.219 156. 0.000 04 0 9.121 -.108 -.341 .219 .406 8.60 ]00 .26 340 13.70 95 .978 132. 0.000 05 0 8.506 .568 .014 • ] 57 .156 7.70 105 .26 71 13.3·3 96 .903 206. 0.000 06 0 6.373 1.137 -0119 .167 .205 6.20 110 015 22 12.96 96 .560 156. 0.000 07 0 7.874 1.666 -.147 .119 .189 6.70 105 .10 22 12.96 95 .604 267. 0.000 06 0 7.494 2.066 -.057 .110 ,] 24 3.10 110 .10 36 12.59 95 .368 99. 0.000 09 0 7. 423 2.457 .011 0105 .106 0.00 0 .10 44 If·22 96 .652 152. 0.000 010 0 7, 501 2.154 .021 .044 .049 0.00 0 0.00 0 1 .30 96 1. 019 II O. 0.000 011 0 7.494 2. 758 -.033 -.039 .051 0.00 0 .10 246 10.56 97 .759 99. 0.000 012 0 7.374 2.614 -.007 -.016 .018 3.10 260 .05 286 9.63 96 .667 9'1. 0.000 013 a 7.104 2.543 -.160 -.043 .165 0.00 0 .26 279 6.52 '12 1.114 67. 0.000 014 0 6.209 2.332 -.303 -.070 .311 0.00 0 .36 279 7.41 89 .671 57. 0.000 015 0 5.048 2.162 -.324 .014 .324 0.00 0 .31 303 6.46 65 .623 60. 0.000 016 0 4.046 2.504 -.216 .163 .271 0.00 0 .26 342 6.02 79 .523 65. 0.000 017 0 3.465 3.253 -.096 .243 .262 1.00 145 .26 11 5.93 75 .524 123. 0.000 016 0 3.322 4.101 .004 .203 'i 04 2.10 160 .15 37 5.74 73 .706 257. 0.000 0 I-' )19 0 3. 398 4.662 .025 .106 • 09 2.10 160 .05 59 5.57 71 .518 200. 0.000 0 ...".20 0 3.561 4.969 .082 • 077 .112 3010 150 .15 101 4.85 72 1. 029 141. 0.000 a 0021 0 3.690 5.227 .067 .061 .106 2.60 165 .10 109 5.09 73 .278 109. 0.000 022 0 4.213 5.303 .096 -.030 .101 2.10 160 015 152 4.83 75 .612 196. 0.000 0 I )23 0 4.449 5.127 .016 -.055 .057 2.60 140 .10 197 4.20 75 .844 13'1. 0.000 024 0 4.266 4.933 -.102 -.056 .116 4.10 115 .10 219 3.41 69 .790 69. 0.000 025 0 3.830 4.695 -.137 -.073 .156 2.10 120 .15 246 2.59 63 .464 53. 0.000 026 0 3.240 4.394 -.207 -.100 .229 2.10 94 .26 264 2.13 43 .730 78. 0.000 027 0 2.439 4.060 -.204 -.073 .217 2.10 85 .15 270 1.85 24 .488 69. 0.000 028 0 1.806 3.622 -.152 -.062 .164 0.00 0 .15 256 2.04 9 .562 106. 0.000 029 0 1.216 3.646 -.150 -.017 .151 .50 360 .15 303 2.04 0 .294 92. 0.000 030 0 .ll5l 3.606 -.061 -.041 .074 3.60 20 0.00 0 1.94 355 .263 133. 0.000 031 0 .623 3.413 .037 -.046 .059 3.10 345 .05 80 t.72 350 • 112 41 • 0.000 032 0 1.111 3.189 .123 -.089 .151 4.10 340 .10 116 1.26 344 .426 87. 0.000 033 0 1.573 2.845 .120 -.097 .154 3010 350 .10 128 .94 330 .569 143. 0.000 034 0 2.062 2.410 .164 -.153 .224 5.10 350 .15 130 .63 309 .680 199. 0.000 035 0 2.473 1.607 .031 -.269 .271 4.60 350 .21 214 1.02 290 .917 258. 0.000 036 0 2.286 .638 -.124 -.266 0311 7070 345 .26 259 1.4~ 278 .935 i8 3. 0.000 037 0 1. 840 -.255 -.107 -.201 .226 6.70 355 .15 272 2.17 274 .661 23. 0.000 036 0 1.496 -.661 -.088 -.151 .174 5010 340 .15 273 2.76 274 .720 118. 0.000 039 0 1.166 -1.433 - 0102 -.163 .1'12 5.70 ''l'i 5 .15 274 3.33 276 .736 131. 0.000 040 0 .744 -1.974 -.132 -.133 .187 5.10 5 .15 265 3.89 276 • 613 110. 0.000 041 0 • 396 -2.415 -.045 -.115 .123 4.10 350 .05 261 4.07 273 .289 104. 0.000 042 0 0371 -2.624 .021 -.112 .114 5.10 3130 .05 266 4.26 270 .256 89. 0.000 043 0 .542 -3.162 .077 -.063 .113 5 010 3 20 0.00 0 4.52 264 .422 60. 0.000 044 0 1.054 -3.630 .212 -0161 .?79 6.70 330 .15 141 4.69 258 .603 118. 0.000 045 0 1. (,93 -4.224 .1'5 -.138 .18.6 3.10 330 .10 160 4.1l2 253 .61l0 157. 0.000 0
RMS ERROR IN COMPUTED DRIFt SEGMENTS .1262 KM RHS ERROR IN POSTTION 4.1023 KM 46.0BS



P~OGR"M IC"ORTF. o G~RRETT LAST Mno 6 10 1982

ICE~FRG SK04~ f"-0.20 (\/"0.60 ~ RANGF -15.000 TO 20.000 Kr1 Y RANGE -15.000 Tn 20.000 KM o TR HKS
IOFV"l- a KOEVN- 0

INITIAL V .2~0 MIS 760 OEG LAllTllf)E ~~ OEr, 39 HOURS
CA· .200 (\/- .AOO cs- .0020 x- .0020 .
SAIL AREA 900 KEEL AR FA 3(-.00 SIIRFACE AR"A 2500 MHZ MASS .150E+06 M~TRIC TONS
HOUR POSN EAST KM NORT4 VEL EAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGEIKMI AlI'l KH ERROR PCT TOWFORCE OIR0 0 12.351 5.499 -.276 -.049 .Z80 9.80 156 0.00 0 13.52 66 0.000 O. 0.000 01 0 12.018 5.806 -.046 .162 .11'>9 9.30 154 .10 4 12.59 65 .774 81. 0.000 02 0 11.840 h. lq9 -.066 .223 .233 9.30 145 .15 345 12.22 61 .556 59. 0.000 03 O· 11.541 7.266 -.100 .178 .204 9.80 140 .10 318 11.48 57 .869 76. 0.1)00 04 0 11.126 7.608 -.129 el26 0160 8.20 127 .10 299 p.ll 53 .357 41. 0.000 05 0 10.650 8.199 -0130 .094 ,161 10.80 125 .05 281 0.93 51 .222 52. 0.000 06 0 100199 8.560 -0117 .115 d64 11 030 125 .05 333 10.56 47 .323 39. 0.000 07 0 9,£119 9.123 -.090 .209 .228 13.40 155 010 343 10.19 43 .502 62. 0.000 06 0 9.515 19 ,'115 -.091 .155 .179 11.60 130 .05 334 10.00 39 .509 70. 15.000 3009 0 8.399 0.730 -.307 .258 .401 9.80 135 .05 15 .9.82 31 .300 22. 15.000 300 II-'10 0 7.331 11. 650 -.288 .2li2 .383 8.80 140 .05 33 10.00 20 .570 30. 15.000 300 .t:>.)11 0 6.308 12.';63 .... 200 .256 .380 8.80 165 .05 34 10.74 14 .230 18. 15.000 30012 0 5.336 p.483 -.259 .255 .363 10.60 165 ,05 56 11.67 9 .269 20. 15.000 290 ~

12 0 4.336 4.161 -.272 .163 .317 10.60 215 .05 104 12.41 3 .259 18. 15.000 2500 3.330 13.959 -.263 -.071 .273 17.00 240 .05 A2 12.7a 357 .652 4a. 15.000 25015 0 2.313 13.592 -.301 -.13fl .331 1'5.90 265 0.00 0 12.59 353 .1 fl4 20. 0.000 016 0 2.506 13.168 .154 -.167 .227 11.30 337 .15 120 12.59 354 .450 205. 11.000 25017 0 1.869 12.177 -.202 -.331 .388 6.20 345 .26 146 H. ?2 354 .920 246. 15.000 250'.
\ 18 0

1 :86~' 10.921 -.276 -.3li8 .452 12.90 350 .H 164 11.67 310 .599 60. 15.000 25019 0 9.428 -.280 -.483 .558 17.00 340 .31 172 10.37 343 .079 4. 15.000 30020 0 -1.091 8.642 -.336 -.192 .3fl7 ]9.00 345 .31 1'35 8.52 340 1.654 86. 0.000 021 0 -1.379 7.177 -.045 -.419 .421 15.90 345 .26 198 7.04 338 • 56"J 3 e. 0.000 022 0 -1.71)4 5.662 -.199 -.434 .t,77 16.40 355 .36 222 5.41 330 .470 "5. 0.000 023 0 -2.714 4.293 -.302 -.312 .434 ]1.80 355 .36 242 4.41 318 .685 48. 0.000 024 0 -3.776 3.366 -.268 -.196 .332 10.80 350 .26 255 4.07 308 • 813 100 • 0.000 025 0 -4.472 2.940 -.101 -.0'19 .112 7.20 350 .05 323 4.26 300 .228 37. 0.000 026 0 -4.711 2.953 -.059 .055 .081 4.60 310 .15 331 4.72 301 .314 67. 0.000 027 0 -4.f)9'; 3.226 -.037 .085 .093 3.60 260 .10 343 5.19 303 .167 34. 0.000 028 0 -4.903 3.563 .048 ,] 02 .113 6.10 260 .10 29 5.46 308 .210 39. 0.000 029 0 -4.5('2 3.988 .123 .146 .191 5.10 240 .2 1 28 5.46 313 .070 15. 0.000 030 0 -3.985 4.539 .208 .13 3 .247 6.20 275 .21 67 5.39 316 .'316 176. 15.000 24531 0 -4.146 " 0173 .010 -.190 .190 7.20 255 .16 101 5.22 310 • I fl1 31. 15.000 24532 0 -4.211 3.1'31 -.058 -.359 .364 7.20 255 .36 131 5.07 299 .3135 39. 15.000 24533 0 -4.574 1.721 -.]45 -.444 .467 8.20 255 036 150 5.22 2e6 .491 42. 15.000 24534 0 -5.185 -.071 -.192 -.555 • 5i A7 7.20 255 .45 162 5.94 269 .399 22. 15.000 24535 0 -6.062 -2.021 -.299 -.512 .593 4.60 340 .36 171 7.04 258 .593 36. 0.000 036 0 -6.282 -3.098 -.029 -.147 .a 50 3.60 225 .05 215 7.41 253 .376 51. 15.000 27037 0 -7.1)25 -1.375 -.580 -.101 .589 2.60 220 .26 240 6.70 252 .512 39. 15.000 27038 0 -9.929 -3.537 -.519 .032 .520 0.00 0 015 282 10.19 251 .799 5" • 0.000 039 0 -10.808 -3.309 - .197 • 011'1 .216 0.00 a .:n 106 10.56 251 .634 171 • 0.000 0
RMS ERPOR IN CO"lPllTEO ORTFT SEGMENTS .5'?6 KM PMS FRROR IN POSITI0"l 2.4409 KM 40.nos



MWMWMWMWMW~WMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWM
WMWMWMWMWMWMWMWMWMWMWMwt'W~WMWMWMWMWHWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMWMW~WMWMWMWf'WMWMWMWMW

PROGRAM TCEDRTF. " GARflH T LAST MnO (, 10 196('

ICfRERG SKU4~ (A·O.('O (W"0.60 '( RANl;E -15.000 TO 20.000 Ki'I Y RANGE -1".000 TO ('0.000 Kr1 o TPACKS

IOEVN· o KOF:VN. (l

INITIAL V .2AO M/, 260 (HG LATITlIOE 58 OEG 19 HOUR)
0- • <!OO CW· .600 r,· .0020 cx. .0020
SAIL ARFA 90() Kr-rL ARE A 31:>00 ,\lREAct AREA 2·500 M+t(' MASS .150r:+()~ M~TRTC TONS

HOUR PQSN EAST KM NnRT~ VEt FAST MIS NORTH TOTAL WINO MIS FROM CORRENT MIS TO RANGE (Ktll AlIM KM ERROR peT TOWEnRCE DIR0 0 12.351 5.499 -.276 -.049 .200 9.60 156 0.00 a 13.52 60 0.000 O. 0.000 a1 0 12.01Fl 5.606 -.046 0162 '}('9 9.30 154 .10 4 12.59 65 .774 U-1. 0.000 02 a 11.840 6.519 -.Of.>b .723 .233 9.30 145 .15 345 12.22 61 .556 'j9. 0.000 03 ° 11.541 7.266 - .100 .178 .204 9.60 140 • 10 316 11 .46 51 .f:l69 76. 0.000 04 a 11.17.6 7.800 -.1'6 .126 .180 8.20 127 .10 299 11.11 53 .351 41. 0.000 05 0 10.650 8.199 -.130 .094 .1', I 10.80 125 .05 281 10.93 51 .222 52. 0.000 06 0 10.199 fl.560 -0111 • 115 .164 11.30 125 .05 333 10.56 41 .323 39. 0.000 07 0 9.819 9.123 -.090 .209 .220 13.40 1'j5 .10 343 10.19 43 .502 62. 0.000 0A 0 9.51<; 9."15 -.091 .155 .179 11. B0 130 .05 334 10.00 39 .509 70. 0.000 3009 0 9.222 10.310 -.061 .130 .144 9.80 135 .05 1') 9.82 3l .956 69. 0.000 30010 0 9.069 10.765 -.027 .122 .125 6.80 140 .0') 31 10.00 20 1.514 82. 0.000 30011 0 9.027 11.215 .005 .130 0130 A.BO 165 .05 34 10.74 14 .969 74. 0.000 30012 0 '1.123 11.701 .051 .139 '1 46 10.80 185 .05 56 11.67 9 1.0b6 79. 0.000 29013 0 9.405 12.126 .101 .090 • 40 10.60 215 .05 104 12.41 3 }, 523 104. 0.000 25014 0 9.949 12.428 .200 .065 .? 17 17.00 2',0 .05 82 12.76 357 1.0f,4 136. 0.000 25015 0 10.628 12.5'j(t .161 -. 021 .170 15.90 205 0.00 0 12.59 353 1. 593 176. 0.000 a16 0 1l.231 12.213 .171 - .16 .235 11.30 '137 015 120 12.59 354 .531 242. 0.000 25017 0 11. fI 34 11.423 .163 -.212 0317 'l.20 345 .26 1',6 12.22 354 .704 190. 0.000 250 ......If! 0 12.319 10.325 .on -.329 .342 12.90 350 .2 1 64 11.67 350 1.301 130. 0.000 250 (Jl19 0 12.f.l6 O. Q24 .069 -.41)0 .4A.8 17.00 340 .31 172 10.37 343 1. 315 70. 0.000 300 020 0 12.83(, 1.195 .n23 -.490 .490 18.00 3',5 • 31 16') 8.52 340 .210 11 • 0.000 021 a 12.792 5.5',5 -.043 -. ',19 .421 15.90 345 .2b 196 7.04 338 .'163 24. 0.000 022 0 1?389 4.030 -0199 -. '134 .471 16.40 355 .3b 222 5.41 330 .466 ;> '). 0.000 023 0 11. 460 2.662 -.30? -.312 .434 11.80 355 .36 242 4.41 318 .685 4 B. 0.000 024 0 10.3')B 1.754 -.260 -.196 .332 10.80 350 .26 255 4.07 306 .813 100. 0.000 025 0 9.701 1.109 - .101 -.049 .112 1.20 3~() .0 'j 3?3 4.26 300 .226 37. 0.000 0
C

26 0 9.461 1. 322 -.059 .055 .081 4.60 310 .15 331 4.72 301 .314 67. 0.000 027 0 9.279 ].595 -.031 .085 .093 3.60 260 .10 343 5.]9 303 .161 34. 0.000 026 0 9.210 1 .931 .0',6 .102 .113 6.70 260 .10 29 5.46 308 .210 39. 0.000 029 0 9.H 1 2.351 .123 .146 .191 5.70 240 .21 26 5.46 313 .070 15. 0.000 030 0 10,]'18 2. Q 07 .20fl .133 .241 6.20 275 .21 67 5.39 316 .516 176. 0.000 24531 0 11.10~ 3.184 .354 .013 .354 7. 20 255 .36 101 5.22 310 1.4113 256. 0.000 24532 0 12.510 2.90b .356 -.Hl .395 7.20 255 .36 131 5.07 299 1.609 IB9. 0.000 24533 0 13.H10 '.07'1 .260 -.276 ."395 6.20 255 .36 150 5.22 2f.l6 1.742 14f. 0.000 24534 0 14.580 • A91 .223 -.360 .441 7.20 255 .45 162 5.94 269 1.860 103. 0.000 24535 0 15.118 -.554 .098 -.405 • 41" 4.60 340 .36 115 7.04 258 1. 5 41 <1:3 • 0.000 a36 a 15.296 -1.621 -.014 -.149 .]50 3. 60 225 .05 215 1.41 251 .469 67. 0.000 27037 0 15.072 -2.011 -.136 -.113 .117 2.60 UO .26 240 6.70 25<' .979 7'j • 0.000 27036 0 14.463 -2.349 -.116 -.0'.0 .161 0.00 0 .15 282 10.19 251 .799 54. 0.000 0H 0 U.A10 -2.'A8 -.177 .066 .1 R9 0.00 0 .21 106 10.56 251 .3'10 09. 0.000 0
RMS FRROR TN COMPUTEn ORIFT S~GMF"lTS .98'11 KM QMS EPROR IN PO,TTTnNI3.7190 KM 40.0R5



PROGRAM JCEORJF, B GARRETT

ICEBERG SN09 CA-0.3 CW-0.2

LAST MOO b 10 1962

Y RANGE -10.000 Tn

IOEVN- -32 KOFVN- 0

0.000 KM V RANGE 0.000 TO 10.000 Kt1 a TRACKS

INITIAl V .170 "lIS a OEG LATITUDE 57 OEG 13 !-lOURS
~A- .300 cw- .200 CS- .~020 cx- .0020

ArL AREA 1600 KFEl ARE 6400 SURFACE AREA 6400 MHZ MASS .300Ft06 METRIC TONS

HOUR POSN EAST KM NORTH VEL FAST MIS NORTH TOTAL WINO MIS FROM CURRENT MIS TO RANGE(KMI HIM KM ERROR PCT TDWFORCE OIR
0 0 -2.270 1.905 0.000 .uo .170 7.00 205 .15 15 2.96 310 0.000 O. 0.000 a
1 a -1.939 2.691 .169 .248 .300 6.00 200 .25 25 3.33 320 .246 37. 0.000 0 ,C·)

2 a -1.429 3.339 .027 .065 .070 5.00 195 .~O 220 4.26 32~ .747 70. 0.000 0
3 a -1. 654 3.385 -.113 -.007 .114 5.00 220 .25 230 4.07 335 .761 141. 0.000 0

" a -2.0B1 3.364 -.110 -.002 .110 3.50 240 .15 240 3.B9 339 .H7 227. 0.000 0
5 a -2.430 3.362 -.065 -.003 .OB5 3.50 240 .15 230 3.52 341 • 669 171 • 0.000 a
6 0 -2.758 3.360 - .10 1 .014 .108 1.00 160 .15 280 3.33 344 .567 220. 0.000 0 I'.
7 0 -3.162 3.504 -.102 .068 .123 3.50 175 .05 290 3.15 347 .676 269. 0.000 a
8 a -3.442 3.843 -.051 .118 .12B 4.50 220 .10 290 2.78 343 .771 182. 0.000 a I--'
9 0 -3.497 4.316 .021 .1 3B .139 5.00 215 .05 320 2.59 336 .733 246. 0.000 a U1

10 0 -3.346 4.806 .049 .136 .144 6.00 1<15 .06 290 2.76 332 .655 195. 0.000 0 ~)

11 0 -3.227 5.309 .006 .145 .145 8.50 170 .06 220 2.96 32B .587 215. 15.000 270J
12 a -4.525 5.838 -.396 .152 .425 6.00 170 .10 30 3.70 323 .645 81. 15.000 270 I
13 0 -5.874 6.350 -.367 .119 .386 6.00 170 .10 50 4.37 323 .948 142. 15.000 270

RMS ERROR IN coMPUTFD DRIFt SEGMENTS RMS ERROR IN POSITION 2.5362 KM i3.nes
)

.6915 KM
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APPENDIX 6.

LISTING OF COMPUTER PROGRAM



73/171 OPT-I FTN 4.Fl+538 Fl2/03/1Fl. 15.50.IA PAGE 1

THE PROCEOING PROGRAM IS SET UP TO RUD tN AND PLOT TlIF
TRACK OF AN ACTUAL ICEBERG AND THEN TRY TO SIMULATE THAT
TRACK. THF PERCENTAGE FRROR BETWEEN THE TWO TRACKS IS THEN
GIVOI.

~. O. SMITH 16104/72
LISTS AND PLOTS POSITION OF ICEBERG OR FLOE GIVEN WINO, CURRFNT.
DATA CAROS
ANY NUMAFR OF SETS OF TYPES 1,2,3. ALANK CARD 1 TERMINATES JOB.

I

I
......
U1
W

( 13)

OF NTRACKS TRACKS
SETS FOR 5M HIGH + 50M DIAM

(TNPUT,OUTPUT,TAPF3)

'I

ONE OF TilESI' ChilDS IS REQUIRED FOR EACH SfT
IF ISAIL, KEEL, AND ISURF ARE ALL 0, PROGRAM

CC 1-5 WIND SPEED (M/SEC) F5.2
CC 6-9 WINOS FROM(OEGI 14
CC 10-14 CURRENT (M/SEC F5.2
CC 15-18 CURRENT DIRECTION TO (DEG) 14
CC 19-23 RANGE TO BERG NAUTICAL MILES F5.2
CC 24-27 BEARING TO BERG FROM RIG (OFG) 14
CC 2~-32 INITIAL ICE SPEED M1SFC F5.2
CC 33-36 INITIAL ICE DIRECIION (TOW~ROS) DEG. 14
CC 37-39 13 LATITUDE (OEG) SET TO 60 IF BLANK
CC ~0-42 13 HOURS OF OAIA TO BE COMPUTED HT TO 24 IF BLANK
CC 43-47 F5.3 AIR FORM DRAG COEFF. SET TO 1 IF BLANK
CC 49-52 F5.3 WATER DRAG COEFF. SET TO CA IF BLANK
CC 53-57 F5.3 AIR SURFACE DRAG COEFF.
CC 58-62 F5.3 WATER SURFACE DRAG COEFF.
CC 63-67 15 SAIL AREA IN ~IR M**2
CC 68-72 15 KEEL AREA M**2
CC 73-77 15 PLAN VIFW SURFACE AREA IN AIR
CC 78-87 1'10.3 MASS IN METRIC TONS
CC 88-92 f5.1 TOWING FORCE IN MFTRIC TONS
CC 93-97 15 DIRECTION OF TOWING FORCE (DEG)

ISAIL-250M •• Z, KEEL-IOODH.*?, TSURF-1964M**2, SAM-44000 TONS
NEW DAI~ FFFFCTIVE AI ELAPSFD IIME NFI/HR, NEWMIN.

CC 1-5 F5.::>
CC 6-9 14
CC 10-1~ F5.'
CC 15-18 14
CC 19-23 F5.?
CC 24-27 I~
CC 2fl-31 14
CC 32-33 T::>

PROGRAM TCF3

"U
If)pU
1/
IOpl/
RMIGE
IIHRG
V
lOR
lilT
IMAX
CA
CW
CS
ex
IS AIL
KE Fl
J S UR F
SA,.,
TOW
IORT

U
IDPU
W
lOR""
RANGE
JRRG
NE WHR
tH:WMIN

I HEADING CARD
IMPORTANT VARIABLFS .
NAME CC 1-40 (4AI0)
XM~N CC41-50 WEST LIMIT OF PLOT (KM). IF10.3)
XMAX CCSI-60 EAST LIMIT SET TO 20 IF BLANK.
YMIN CC6 J-70S OU TII LI MIT SET TO -? 0 IF BLA NK•
YMAX CC71-7Q NORTH LIMIT
NTRACKS CC 80 II NUMRER OF ICE TRACKS TO BE PLOTTED ON GRAPH
IDEVN CC81-83 COMPASS DEVIATION,DEG.
KDFVN CC84-Fl6 DFGREES WIND SHIFTED CLOCKWISE.

1
C
C
C

5 C
C
C
C
C

10 C
C
C
C
C

15 C
C
C
C
C

20 C
C
C
C
C

25 C
C
C
C
C

30 C
C
C
C
C

35 C
C

(\ C
C
C

~O C
(, C

C
C
C

(, 45 C
C
C
C
C

1)0 C
(
C
C
C

55 C
C
C
C
C



73f171 OPT"I FTN 4.8+538 A2/03/1A. 15.50.tB I'AGE 2

I

I-;-'
U1
.J:>,

"r.

TOW CC 34-38 F5.1
IORT CC 39-43 IS

PUT ONE BLANK CARD AT THE FND OF EACH rCE TRACK.
DIMENSION NAMF(4).XPLIIOOO).VPLIIOOO).XPII00),YPIIOO)
PRINT 9C/'l9
FORMATI140,"ppn~RAM ICEDRIF, P MCCARTHY LAST Mon 3 IB 1982")
OLL cmlPPS

AIPOEN-1.3
1'1-3.1415 0 2
PEAD DATA CARDS ,
READ 13,1001) IHA~FIJ~.J·1,4),XMlN.XMAX,YMIN.YMAX.NTRACKs.InFVN.

*KDrVN
FORMATI4AIO.3FIO.3,F9.3,Tl,2T31

C

C

C

C

110

C

C
C
r.

C

C
100

1001
C

tF(NTRACKS.LT.l) NTRICKS-l
IFIXMAX-XMIN.LT.l.1 XMIX-20.
YHAX-YMINtXMAX-XMIN
PRINT l002,INAME(J),J"t,4),XMIN,XMAX,YNIN,YMAX.NTRACKS

1002 FOPMAT(IHO,4AI0,8H X RANGE,F9.3,3H TO,FO.3,124 KM Y RANGE,F9.3,
1 3H TO,F8.3,3H KN,T4,7H TPAr.KS)

PRINT IOlO,JDEVN,KDEVN
loio F[lRMAT 11HO, 'lOX, hHIDFVN-, 14, 7H KOEVN-, 14)

C PlllT AX 1= S
CAll PAGElll.dL)

CALL TNTAXS ,
LABX-7HEAST KM

LABY-fJHNORTH KM
PLOT rCFBI'RG TPACK
AXIS-C/.
CALL NOBR[lP
CALL TITLEINAMF,40,LABX,7,LABY,6,AXIS,AXISI
CALL GRAF(xMIN,5.,XMAX,YMIN,5.,YMAX)

CALL RLVEC (XMIN,O.,XNAX,O.,O)
CAll RIVEC (O.,YMIN,O.,YMAX,ol

COMPUTF ORIFT TRACK N TINFS
TOW-O.O
IORT-O

00 BOO N-l.NTRACKS
IND-l
ERROR-O.
perE PP-O.
RMSERP-O.
RHS-O.
PE'HNO 3
READ LABEL AND RANGE OF PLOT
REhDI3,lOOll INAMEIJI,J-l,41
READ INITIAL PARAMETERS FOR NT~ TRACK
DO 110 T-I.N
READI3,1003) U,IDRU.W.IORW,RANGE.JBRG.V,IOR,IAT,IHAX,CA,CW,CS,CX,

*TSAIL,KEFL,ISURF,SAM,TOW,IDRT
TO ADJUST FOR Wl~ln VFLOCITY - 0

HIN.EO.Z) U-O.
TO ADJUST FOR WATER VELOCTTY • 0

rFIN.FO.3) W"o.
NN-NTRAf.KS-N

C
C

'lC/9C1

C

AO

70

60

C/o

85

75

65

95

105

110

100

115

"')

r ..

( ,



PPOGRAM Ten 711171 DPT-l FTN 4.R+53fl RZ/03/1fl. 15.50.1n PAGF 3

120

]25

1] 5
C
C
C

00 115 12 1,NN
IFINN.EO.O) GO TO 11~
REAOI3,1003) FOUMP
CONTINUE

CHANGE DEGRFFS TO QADTANS TO FIND TltF INTTIAl WIND AND WATER DIRECTIONS

DRU·PY*(IORU+KDEVN+l80)flRO.
DRW-PT*(JDRW-IOEVNI/IRO.

C
(
(

(:

( ,

130

135

140

}45

150

155

160

165

170

C
101)3 FfJRMAT(4(F5.2,1'.),2T3,4F5.3.115,EIO.3,F5.1,ISl

C SFT DEFAULT VALUES
IF(IMAX.EO.Ol IMAX-~4
IF(LAT.FO.O) LAT-bO
IF(ISAIL.EO.O.ANO.KEEl.EO.O.ANO.ISURE.EO.O) 120.130

120 ISATl-Z50 , rSURF-1964 S SAH-44000.
130 IFIKEFL.Eo.nl KEEl-4tISAIl

PRINT ]004. V,IOR ClAT,IMAX,CA,CW.CS,(X,ISAIl,KEEl,ISURF,SAM
\004 EORMATllOHlTNlllA V,F6.3,4H N/S,J4,l41l OEG LATITUDr:tI4,4H OEGtI3

1,6H HOURS,I,4H (A",F5.3,,5H (W",F5.3,5H CS-,F'6.4,511 eX-,Fb.4,I,
I 10H SAIL AREA,16,11H KEFl AREA,I6,14H SURFACE ARFA,I6,
I IIH M*.2 MASS,Ell.3,12H METRIC TONS)

OIR-PI*IDR/I80.
VX·V*SIN(DIRI
vy-v*cnS(OIR)

OBSERVED INITIAL POSITION

OIP-PI*IBRGflRO.
PANGE-RANGE*I.A52
XP(I)-RANGE*SIN(OTR)
X-XP(1l*1000.
YPII)-RANGE*cn~IOIR)
Y"YP( 1)*1000.
l-I
CAll f1ARKEI1(01
CAll CURVEIXPlll.YPIII,I,-}1
XPllll·XPllI
XXX-XPl( II
YPllU-YP I 11
YYY-YPL(I)

( INITIAlI7E DRAG PARAMETERS
A-ISUPF
Af1SS·SIIN*1000.
PPINT 1005

1005 r:nRMATll~10,"1I0LJR POSN EAH KM NORTH VEL FAST MIS NORTH TOTAL"
*" WINO ~/S FROM CURRFNT MIS TO RANGEIKM) A7IM KM FRROR "
*"PCT To~rORCE OIR")

CA-AIROFN*ICA*15AIL*.5 + CS*A)
CW&lOOO.*ICW*KEEl*.5 + CX*.}
B-?7.?qF-~.SINllAT.PI/IAO.)
NEWIfR-O
NFWf1Hltl

I
I
!,
I

f,-J

~

( i75

C
C
C
C
C
C

THE t~EXT TWO LINf=S CAN BE USED WHEN TOWING TIlE ICEflERG - WHERE
TORT FQUAlS THF DIRECTION TOWFO

If1f1T"IOPTt60



( \

180

Ifl5

1'10

195

200

205

PROGRAM tCD

C
C
C

C

C

C
C
c
r.

C

C
C

731171 DPT-l

TFIN.FO.7l tDRT-330

LOOP FOR IMAX HOURS IN 1 HOUR STFPS
IMPI-IMAX+l
00 700 IYR-I.IMP)
LOOP FOR ONE HOUR IN 10 MIN 5lFPS
on "no MINUTE-I,o

!FIIIIIR-l).NE.IABSINEWHRII GO TO 400
IFIMINUTE.NE.NEWMINl GO Tn 400

UPOATF wnw, CURRFNT. POSITION, AND TOW rORCF

lJX-U*SINIORUI
Uy-u*cOS I DRUI
WX-W*SINIORWI
wy-w*crSIORWI
NFWMIN-INEWMIN-II*lO

V-(VX**Z+VY**2l**.5

TOWING FORCE
DIR-PI*IDRT11flO.
YTOW-TOIH9BOO.
XTOW-YIOW*SINIDIRl

YTOw-yrOW*COSIDIRI
IFIIND.EQ.ll GO TO 396

FPI 4.B+53fl fl2l031l8. l5.50,Ifl PAGE 4

C

1QO

c'

(' \

(

2to

215

220

225

210

215

C
C CALCULATE DRIFT ERROR SINCE LAST OBSERVED POSITION
C COMpUIED POSITION IS STORFD IN XPLILI AND YPLILI
C XDRIFT AND YDRIFT [S THE OflSERVEO DRIFT SINCE THE LAST OBSERVATION
C KERR ANn YERR I~ THE COMPUTFD DRIFT SINCE TilE LAST OBSERVATIONC .

XDRIFT-XPIINDl-XPIINO-ll
YDRIFT-YPIINDI-YPIIND-ll
XERP-XPlILI-XXX-XDRIFT
YERR-YPLILJ-YYY-YORIFT
ERROR-XERP**Z + YERR**Z
RMSERR-RMSERR+ERROR
ERROR-ERROR**.5

C
C STORF lAST COMPUTEO POSITION
C

XXX-Xpllli
YYY-Yrl III

C
C CALCULATE TOTAL ORIn ERROR WHERE XPIINDI AND YP(JNOl-CJ~SERVED POSITION
C ANn XPllll AND YPllll-THE COMPUTEO POS1TION
C

XER-XPIINDI-XPlIll
YER-YPIINO)-YPlILI
ERsXER*X~R+YEP*YER
RM:'-RMS~~P

IF(XDRIFT.FO.O •• ~NO.YORIFT.EO.O.I GO TO 3Q O
PCTERP-IOO.*ERROPflxnRIFT.*7+ynPIFT**2l·*.5

GO TIJ 196
PCTFPR-O.

rl.
VI
Q:I

I
II



PROGRAM Ten 731171 OPT-I FTN 4.8 +538 82/03/18. 15.50.18 PAGE '5

IFIINEWHR+NEWMINI.EO.OI GO TO 399
IFINEWyo.FQ.4H I GO TO 399

NEWMIN-NEWMTNfIO+1

PRINT 1000,NEWHR,NEWMIN,XPLILI,YPtlLI,VX,VY,V,U,TOPU,w,InRW,
IRANGE,I~qG.ERROR,PCT(RR,TOW,IDRT

IOOA FORMATIIII ,?I3,4F9.3.Fh.3.3IF8.2,I6,2XltF8.1,f8.'"l,Ffl.3,I41
C
C
(

C

C

C

398

READ NEXT SET UF WTND, (URRE~T. POSITTON, TIME, row ForCF

IOLLlIIP·NEWIIR
READI3,1009IU,IORU,W,IORW,RANGE,IRPG,NFWHR.NFWMIN,TOW.TnRT

1009 rORMAT(3IF5.?'.,I41,I4,I2,F5.1,151
C Tn ADJUST FUR WINO VFLOCITY - 0

IFIN.EO.<) U-O.
lFIN.EQ.?) TOW-O.

Tn ADJUST FOR WATrR VELOCITY - 0
fFIN.ro.31 WoO.

245

240

250

255
( ,

260

265

C
C
C THTS SECTION WILL CALCULATE A VELOCITY CHANGE PER b SECOND STEP SO THERF
C WILt BE A GRADUAL. AS OPPOSED TO A SunDEN CHANGE TN VELOCTTY AT THF
C AEGINNPJG OF EACH HOUR IWHEN THF OATA TS READ TNI.
C
C
C CHANGE DEGREES TO RADIANS

DPU-PI t IIDRU+KDEVN+180If180.
DRW-PI*IIDRW-TnEVNI/I80.

( "

n

I \

( ,

270

275

280

205

290

295

c
C
C

C
C

C
C
C

C
C

C
C
C

C

NIIMAFR nF (, SF( STEPS - DEPFNnS UPON NUMflJ:R OF HOURS BETWEEN DATA POINTS

STEPS o lllABSINEWHRI-IHR+lltb+NEWMIN-MINUTEltl00+1
nux AND nlJW - THE X ANn Y cnORDINATFS OF THE IIIND CHANGE PER TIME STEP.

DlJX-IUtSINIORlIl-tJX)I)TFPS
OUY-IU*COSIORU -UYlfSTFPS

DWX ANn OWY - THE X AND Y COOROINATES OF THE IIATER CURRENT CHANGE PER TIME STEP.

DIiX-IW*SINIDRW1-WX)/STEPS
nWY-Iw*cnSIORW)-WYI/STEPS

RANGE-RANf,E*1.B52
IFIINO.GE.IODJ GO TO 400

nnSERVFO POSITInN

DIP-Pl*lflPGf180.
INO-INO+I
XPIINDI-RANGE*SINIOIRI
YPIINOI-RANGF*CQSIDIRI
IMARK-O
IFIINFWflR/lZ*121.EQ.NEWHRI IMARK-7
IFINEWMIN.NE.11 IMARK-5
CALL MARKERIIMARKI
CalL CIJRVEIXPIINDI,YPIrNOJ,I,-l!

......
U1
-...]



t' I" tJ~J I' h j I J . I. 1 / l' J. ,I l- UI I ... 1.

,..

( ,

300

305

!
310

315

320

325

330

c
:;IoC)

C
C
C
C

400
C
C
C

C
C
C

C
C

C

GO TO 400

DUXsO.
DUYsO.
DWX-O.
DWYsO.

A r.~f)lJNnFO [CHFRG IS DESIGNATFD flY A NEGATIVE 11nUR.

lFlNEWIIR .LT. 0 .AND. IOlDHR .LT. 0) GO TO 501

lOUP FOR 10 MIN IN 6 SEC 10.1 MIN) STFPS

on 500 '-ldOO

LINEAR INTERPOLATION OF THf WIND AND CURRENT.

UXsUXtOUX
UY-UYtOUY
WX-WXtDWX
WY-WYtOI1Y

UI-UX-VX
lJ2 s UY-VY
WI-WX-VX
W2-WY-VY
UREl-IUl+Ul+UZ*U21+ •• 5*CA
WREl-IWl*Wl+WZ*W?I**.5+CW

FOPCE BALANCE IN NEWTONS
FI-UREl*UltWREl+WltXTOW
F2-URFltU2tWREL+W2tYTOW
VX-VXtIFl/AMSS-B*WZ'*6.
VY-VYtIF2/AMSS+R*Wl)+6.

C
C INCREMENT POS~TION FOR 6 SFC STEP

X-Xt6.*VX
Y-Yt6.*VY

500 C[IN TI NtiE
Gn Tn 502

600
C
CI006
700

(

o

c'

(.\

( ,

335

3'.0

3'15

350

C
C
C
501

502

tF THE ICERERG IS GROUNDED THFN VELOCITY IN THE X AND Y DIRFCTION IS SET TO ZERO.
vx-o.
VY-O.
IEll.Gr.1000) GO TO 600

lsL+l
XPl Ill- XflOOO. a
YPlIL) - Y/IOOO.O

CONTI NUE
PRINT 1006,IIIR,XPLILI,YPLIl),VX,VY
fORMATlllI .13.311 OO,FC).3.3FI1.31
CONTTNIJE
CAll MARKFRIN)
CAll CURVE IXPl,YPl,l-6,6)
CALl MARKER I 111
l=72*ttl-71/72)-71
IFtl.Gr.ll CAll CURVE IXPlI731,YPlI731,L.-721

I-'
U1
00

PROGRAM Tcn 731171 OPT-I FTN 4.A+53fl 8Z/03/18. IS.50.IA PAGE 7

355

360

365

fINO"INO-I
RMSERR s IRMSFRR/FINOI**.5
RHS-IRKs/rINO)+ •• 5
PRINT IJ07.RHSERR,RMS,FINO

1007 FORNATIlIIO,"RM,> "RROP IN COMPUTEO DRIFT SEGMENTS",F7.4.
~"KM R~~ FRROR IN PO,>TTION",f7.4." KM".F5.0."onS"1

flOO emITT NilE
c

Cfll.\ ClIf>Vf (xr.YPoTNO.OI
Ch \ 1 PI!) f' l( I) I
CAll [lONrt'l
rNO
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- 160 -

APPENDIX 7

Procedure for Locating Iceberg Drift Data

Project files in the C.O.G.L.A. offices at B.I.O. which

contain iceberg drift data belong to the 8640 series; the 86

indicates the east coast area and the 40 indicates "projects

approved under Section 48 of C.O.G.L.A.". Table A7 lists the

C.O.G.L.A. file numbers and drawer numbers accessed during the

search for raw data. Some of the files were in the 8613

series.

In order to locate raw iceberg data for a certain year

and drilling operator the following procedure is required:

1. Locate project number for the given year (Table A7).

2. Search files and locate drawer in which the data are

stored. (For example, 1979 iceberg data are located in

project file 8640-E2-30, drawer number 27-4 and 28-1

(Table A7).

3. Search through the material and locate for the iceberg

drift track data (Fig. 2), wind and current data (Fig. 3)

and towing logs (Fig. 4).

4. Copy relevant data and return files to C.O.G.L.A.
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TABLE A7

ICEBERG TRACKS IDENTIFIED AS SUITABLE FOR HINDCAST MODELLING

Iceberg

BV 34
BV 47

G 43

GI 7

NB 12
NB 19
NB 38
NB 68

RB 22
RB 30
RB 126

F022

K013

SN09

LRI
LX6
RK018
SK024
SK042
SK045

Year

1974
1974

1974

1979

1979
1979
1979
1979

1979
1979
1979

1975

1975

1975

1973
1973
1976
1978
1978
1978

C.O.G.L.A. Project File

8640 - B3 - 5E
8640 - B3 - 5E

8640 - E2 - 7E

8640 - E2 - 30E
Vol. 1 & Vol. II

8640 - E2 - 30E
8640 - E2 - 30E
8640 - E2 - 30E
8640 - E2 - 30E

8640 - E2 - 30E
8640 - E2 - 30E
8640 - E2 - 30E

8640 - B3 - 6E
8640 - E2 - 12E
8640 - B3 - 6E
8640 - E2 - 12E
8640 - B3 - 6E
8640 - E2 - 12E

8640 - E2 - 3E
8640 - E2 - 3E
8640 - E2 - 14E
8613 - E2 - 4 - 1
8613 - E2 - 4 - 1
8613 - E2 - 4 - 1

C.O.G.L.A.
Drawer No.

22 - 3
22 - 3

22 - 3

27 - 4
28 - 1

28 - 1
28 - 1
28 - 1
28 - 1

27 - 4
27 - 4
27 - 4

24 - 2
24 - 2
24 - 2
24 - 2
24 - 2
24 - 2

21 - 2
21 - 2
25 - 2
25 - 2
25 - 2
25 - 2

Additional iceberg drift tracks selected without computer
assistance:

CA104 1976 8640 - E2 - 14E 25 - 2
HE04 1976 8640 - E2 - 12E 24 - 2
B55 1973 8640 - E2 - 3E 25 - 2
RB04 1980 8640 - P28 - 8E 28 - 3
GI41 1980 8640 - P28 - 8E 28 - 3




