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Foreword

The Winter Navigation Research Board presents report no. 16:8. The
experiment SEA ICE-75, carried out in the Bay of Bothnia in March
1975, was basically aimed at the testing of various remote sensing tech-
niques for sea ice mapping. It provided, however, also an excellent oppor-
tunity to carry out a number of measurements related to the dynamics of
the ice in conjunction with the ground truth work. Ingemar Udin, Anders
Omstedt and Anders Berg from the Swedish Meteorological and Hydro-
logical Institute (SMHI) were responsible for the work in which the cap-
tain and the crew on icebreaker TOR took an active part. The helikopter
stationed onboard TOR was of great assistance. ’

The ice dynamics measurements will provide necessary test data for
the numerical ice model that is being developed at SMHL. It is hoped
that this model will soon provide ice forecasts to assist in an efficient
planning of navigation in ice.

The Winter Navigation Research Board wish to express its sincere
thanks to the authors as well as all others having contributed to this
report.

Norrképing and Helsingfors, July 1976
Lennart Johansson Helge Jiiisalo
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Summary

Field measurements on sea ice was carried out in the Bay of Bothnia
during March 10—20, 1975. The forces and parameters in the equation
of motion for sea ice have been studied on the mesoscale. Winds and
currents were measured to calculate the wind and water stress, the ice
mass’ distribution was studied, the tilting of the sea surface computed,
vertical temperature and salinity soundings in the water made and surface
temperatures at different ice types measured. From the data obtained and
with classical boundary layer theory the forces in the equation of motion
have been calculated and their balance studied. The results support the
assumtions made in a numerical ice forecasting model under development
at the SMHI and the data obtained will be used for further development
and improvments.

Sammanfattning

Faltmatning pa havsis genomfordes i Bottenviken under perioden 10—20
mars, 1975. Krafter och parametrar som ingir i rorelseekvationen for
havsis har studerats p& mesoskalan. Vind och strom mittes for att mojlig-
gira vind- och vattenstressberéikningar, ismassans fordelning i havet stu-
derades, havsytans lutning berdknades frén vattenstindsregistreringar,
vertikala temperatur- och salthaltssonderingar gjordes under isen och yt-
vattentemperaturen pa olika isslag méttes. Fran erhéllna data och med en
klassisk griansskiktsbehandling har krafterna i rorelseekvationen berdknats
och balansen dem emellan studerats. Resultaten stddjer de antaganden
som gjorts i en numerisk isprognosmodell under utveckling vid SMHI och
de erhéllna data kommer att anvdndas for forbattringar och en vidare
utveckling av modellen.




1. Introduction

Under the joint Swedish-Finnish winter navigation research programme
the Swedish Meteorological and Hydrological Institute is participating
with a programme in which the interaction between atmosphere, ice and
sea is studied. One main project within this programme treats the ice
drift in the Bay and Sea of Bothnia and the numerical modelling of the
ice motion and redistribution (ref.1).

The general equation for ice motion can be written (ref.2)

mg:—:’ra+’tw+C+G+R 1)

It can be seen that the ice motion, v, depends on the wind stress, Ty, the
water stress, Ty, the coriolis force, C, the gravitational force due to tilting
sea surface, G, and the stress transmitted through the ice (internal ice
stress), R.

From the equation, it can be seen, that parameters of interest when
modelling the sea ice are,

[ the ice motion itself at different times and places;
[ the ice mass and its distribution over the sea area;
[1 the winds;

[J the currents below the floating ice;

[ the seat level and its changes at different places.

In order to collect the necessary information on the above mentioned
parameters of which most are not available from the routine observations
with a sufficient degree of accuracy some field experiments have been
carried out. During the winter 1974, two field projects were carried out
in the Bay of Bothnia (ref.3). They were followed by one project the
winter 1975 called SEA ICE-75.

SEA ICE-75 was carried out during March 10—20, 1975 in the
northern part of the Bay of Bothnia. Initially the project was planned to
cover areas in both the Bay and Sea of Bothnia but due to an extremely
mild winter (the third in succession) no ice was present in the Sea of
Bothnia and the experiment was therefore limited to the Bay of Bothnia.
The measurements, registrations and observations were made from and
around the icebreaker TOR, which was frozen into the ice during the
period (fig.2).

The project covered in reality two different objectives,

[] one studying remote sensing of sea ice (ref.4);
[] one studying dynamical and physical parameters relevent for ice drift.

Results from the remote sensing part of the project, will be presented
in separate reports.

The aim of this report is to present the data collected during the dyna-
mical and physical part of SEA ICE-75 and to discuss some of the
results obtained. Part of the field work was made in cooperation with the
Finnish Institute for Marine Research.




Figure 1. Map over Scandinavia
with surrounding waters.

Figure 2. The icebreaker TOR ser-
ved as a camp for the research
group and was stationed in the ice
the whole period.
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2. Background

2.1 Weather and Ice

The Bay and Sea of Bothnia are climatically situated in the northern part
of the westerlies. Consequently the weather is influenced by the meande-
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Figure 3. Map over the maximal
ice extension and the ice types du-
ring a normal winter. The figures
on the shores are climatic daily
mean temperatures for the period
January—March.




Figure 4. Map over the maximal
ice extension and the ice types the
winter 1975. The figures on the
shores are daily mean temperatures
for January—~March 1975.

ring polar front and the disturbances on it. During the winter the distur-
bances (low pressure systems) normally pass south of the area and cold
air masses cover the Bay and Sea of Bothnia. From time to time lows
pass over the area causing strong winds and precipitation.

Normal air-temperatures for the winter period (January—March) from
selected stations along the Swedish coast are shown in figure 3. The maxi-
mal ice extension during a normal winter is seen in the same figure. Typi-
cal thickness for level ice in the Bay of Bothnia is 50—70 c¢cm and in the
Sea of Bothnia 20—40 cm.

The disturbances on the polar front often cause strong winds. Table 1
shows wind statistics for 5 years from the caisson lighthouse Sydostbrot-
ten and from the table is seen that Sydostbrotten during January has a
satistical wind of more than 12 m/s in 35 % of the cases. The wind makes
the ice move and during the motion rafting, ridging and hummocking
occur. In the Bay of Bothnia pressure ridges with a depth of 10 m often
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Wind speed | Calm | 1-2 3-5 6-8 g-11 |12-1u |15-17 [i8-20 |21-23 | 2u-26 |27-29 |30-32 | SUM
(m/s)

DEC n 5 34 75 ay 128 93 60 48 19 1 0 1 558
% 0.9 | 6.2 |13.4 |16.8 22.9 |16.7 [10.8 8.6 3.4 0.2 0.0 0.2 |100.0

JAN 1 10 54 yin g7 130 99 65 25 mn 0 0 0 558
% 1.8 | 9.7 |13.3 |17.u 23.3 |17.7 |[11.8 4.5 0.7 0.0 0.0 0.0 [100.0

FEB n 9 y7 91 111 109 76 45 9 8 2 0 0 507
i % 1.8 | 9.3 [17.9 |21.9 21.5 [15.0 8.9 1.8 1.6 0.4 0.0 0.0 |100.0
MAR 1 9 31 100 127 140 78 51 18 4 0 0 0 558
% 1.6 | 5.6 |17.9 [22.8 25.1 |14.0 9.1 3.2 0.7 0.0 0.0 0.0 1100.0

APR n 21 70 104 105 115 77 29 17 2 0 0 0 540
% 3.9 |13.0 }19.3 |{18.u 21.3 |14.3 5.4 3.1 0.4 0.0 0.0 0.0 |100.0

appear and 25—30 m ridges have been observed (ref. 5). Table 1. Wind statistics from the
The winter 1975 was extremely mild as can be seen from figure 4. The caisson lighthouse Sydostbrotten
mean temperatures for J anuary—March were 4—5°C above normal in  (n = number of cases).
the Bay and Sea of Bothnia. As can be seen from the figure the maximal
ice extension was much less than normal and the thickness of level ice
: was 20—40 cm.
| During the field period, March 10—20, the weather was first domina-
i ted by a high pressure and temperatures some degrees below 0°C. From
March 15 disturbances on the polar front caused a more variable weather.
A cold front passed the area on March 15 and cold air moved southward
with a northerly gale on March 16 and 17. On March 18 a southerly gale
preceeded a warm front and was followed by a westerly gale behind a
cold front. As will be seen below the period after March 15 was very
interesting from a dynamical point of view, as the strong winds created a
considerable motion of water and ice.

2.2 Hydrography

The Gulf of Bothnia is the northern extension of the Baltic (figure 5). It
| represents together with the Aland Sea a special hydrographical area,
i which is separeted from the rest of the Baltic Sea by a sill.

The Gulf of Bothnia consists of two main basins, the Bay of Bothnia
and the Sea of Bothnia, both rather shallow with a mean depth of 42 and
69 meters respectively (ref. 6).

Fresh water enters the Gulf from rivers. Salt water enters from the
rest of the Baltic. The yearly fresh water supply is some per cent of the
Gulf’s total volume, while the salt water supply is of the order of ten per
cent (ref. 7). Due to this the salinity increases from north to south. Nor-
mal salinity values in the Bay are about 3—3.5 %00 and in the Sea of
Bothnia about 5—35.5 %oo.

The temperature and salinity stratification is weak during the winter
e which makes it possible for a total convection to occur except in deeper
i parts of the Sea of Bothnia.

: The currents in the Gulf are variable as the disturbances on the polar
front cause wind and air pressure changes on a time scale of days. Due
to the fact that the yearly mean wind is southwesterly the yearly mean
surface currents show up a counter clockwise circulation both in the Bay
and the Sea of Bothnia (ref. 8). When studying the ice motion on a time
scale of days this circulation is of no interest.

Large water level variations are found in the Gulf of Bothnia, especial-
ly the northern part, where variations in the order of meters occur. They
are mainly caused by the wind, but also by differences in air pressure and
! water density (ref. 9). Tidal effects are negligable in the Gulf of Bothnia.
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Figure 5. Map over the bottom to-

pography in the Gulf of Bothnia. Map over the Gulf of
The movement of the icebreaker Bothnia with depth.
TOR is also given, the figures indi-
cate month, day and hour.

11




3. The Ice Mass

One important parameter, for navigation in ice covered waters and for
numerical modelling of sea ice, is the mass of ice and its distribution (ref.
10). The mass, m, can be written

m =g .NH 2
where Q; = ice density

N = ice concentration

H = ice thickness

With known density the concentration and thickness in the area must
be known to enable computations. For navigation purpose small scale
(tens of meters) information is required, but for modelling purposes larger
scale (some kilometers) information is sufficient. The results from a nu-
merical model can anyhow contain small scale information. Ice mapping,
requirements and methods will more thoroughly be described in the remo-
te sensing report. '

For the dynamical and physical studies, ice information was collected
from the following sources

on concentration,
[[] LANDSAT-2! pictures
] NOAA VHRR? and SR? pictures (visual and infrared)
[ ice reconnaissance flights
[] routine ice charts and messages

on thickness,
[] routine ice measurements
[] measurements at several places during the field experiment

LANDSAT-2 passed over the area March 14, 15 and 16 and pictures
from all three days have been received. However, the pictures only cover
the northern part of the Bay. As seen from fig. 6 the information on the
ice concentration is very detailed (resolution 70—100 m). From the pic-
ture it is also possible to distinguish between various types if ice.

For the whole period March 10—20 visual and infrared NOAA VHRR
pictures have been collected. The resolution of the VHRR pictures is
about 900 m and consequently less good than LANDSAT pictures by one
order of magnitude but the information on the concentration has still a
better resolution than the routine ice maps. Durring the whole period the
weather was suitable for satellite registrations and the information is
therefore very valuable. Figure 7 shows the Bay of Bothnia seen from
NOAA on March 17.

Ice reconnaissance flights were made mainly in the area around TOR
in the middle part of the Bay of Bothnia. The flights were made with heli-
copter and the ice boundaries and types of ice were drawn on maps. Spot

‘thickness measurements werc also made.

Together with the above mentioned information on concentration and
ice thickness the routine ice messages and charts were used to obtain an
information as complete as possible.

The changes in the ice occured mainly during the later part of the pe-
riod. The period March 15—19 has been selected as an interesting situa-
tion for dynamical studies. For each day of the period two ice charts have
been prepared, one showing ice concentration and the other level ice

1) Earth resources satellite with multispectral scanner.
2) Weather satellite with very high resolution radiometer.
3) Weather satellite with scanning radiometer.

12




Figure 6. A registration made by
the Satellite LANDSAT-2 (MSS 7)
on March 15. The picture covers
the northern part of the Bay of
Bothnia and is taken from a height
of 900 km.

Figure 7. A VHRR visual registra-
tion received from the satellite
NOAA 4 on March 17. It covers
the Bay and the northern part of
the Sea of Bothnia.




thickness. The concentration has a very high accuracy since it is based
on good satellite pictures. The level ice thickness has an estimated accu-
racy of = 10—15 %.
The ice charts for the period March 15—19 are shown in attachments
1—5.
Small — scale thickness measurements were made in a 1 X1 km area
around TOR. The ice thickness was measured every 200 meters but
along one line holes were drilled and the thickness measured for every 10
meters. The results are shown in attachment 6. The measurements show
a considerable variation over a rather small area. The level ice thickness
was 25—30 cm but the mean value over the area was 43.5 cm. In con-
nection with small ridges thickness of more than one meter was measured.
The area was rather smooth compared to usual conditions in the Bay of
Bothnia. A typical ice view is seen in figure 8. When modelling sea ice
drift on the mesoscale the mean ice thickness over some kilometers must
be known. From drill measurements it is obviously very difficult to deter-
mine the mean ice thickness in a representative way. This has been com-
mented upon earlier (ref. 3). A rather well defined measure is the level
ice thickness. This will however underrepresent the total mass, but using
i the level ice thickness together with the roughness of the ice surface and Figure 8. Sea ice. Level ice with
assuming hydrostatic balance the ice mass may yet be estimated with an ridges is characteristic for the Gulf
acceptable accuracy. of Bothnia.

14




4.The Wind

The wind is one of the driving forces on sea ice and it enters equation (1)
in the wind stress term. Wind measurements were made with an anemo-
meter on the icebreaker TOR during the period March 10—20. The in-
strument was placed 24 m above sea level. The speed and direction was
read every fifteenth minute. Observations were also made at the meteoro-
logical coast stations Rodkallen (12 m above sea level) and Bjurdklubb
(55 m above sea level) at ordinary synoptic hours, that is every third hour.

Winds from the TOR, during the period of considerable ice drift, are
presented in attachment 7 as one hour mean values. Winds from the TOR
and the coastal stations for the whole period are presented in attachment
8. In attachment 8 also the temperature and the atmospheric pressure at
Bjuroklubb are given. The accuracy in the values are comparable with
routine meteorological measurements.

From the attachment 8 can be seen that the wind in the beginning of
the period, March 10—15, was variable but mainly with directions be-
tween south and west. The speed never exceeded 10 m/s. During March
16 the wind turned to northwest and north and increased to gale force
(19 m/s). It decreased during the 17th but increased again on March 18
to gale force (15 m/s) between south and west. At the end of the period
the winds were mainly westerly and northwesterly 7—10 m/s.

The wind caused a considerable ice motion, especially in the middle of
the period as will be seen below.

15




5.The lce Motion

The ice motion is a factor entering equation (1) in the acceleration term,

the stress terms, the coriolis term and the internal ice stress term.

The motion of the ice in the studied area was measured in two different

ways.

[ the position of the icebreaker TOR was observed with a DECCA na-
vigator equipment every 15th minute
[0 the positions of eight radar reflectors on the ice were observed with

one 3 cm and one 10 cm ship radar on board TOR every hour.

a) The motion of the ice in the vicinity of the TOR
The drift of the icebreaker TOR with the ice during March 7—20 is

shown in fig. 9. The drift was small except for the period March 16—

19. The ice then moved totally 45 km due to strong northerly winds
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Figure 9. The drift of the TOR
with the ice during March 7—20.
The figures on the trajactory refer
to month, day and time of the day.




Figure 10. A comparison between
icedrift and wind measured from
the TOR. In this figure the wind
direction is the direction towards

which the wind is blowing.
DIR.
 (3sd)
ot

50 |
100 |

150 |

followed by southerly and westerly winds. The maximum speed during
the drift was 30 cm/s.

The ice drift compared to the wind is shown in fig. 10. Under
nonaccelerated conditions the drift direction is to the right of the
wind direction with a mean value about 30° (attachment 7). Under
accelerated conditions the values may vary and the drift may even be
to the left of the wind direction as can be seen on the 18th in the eve-
ning.

The drift speed is approximately 1.8 % of the wind velocity with
lower values when the ice is breaking up and when it is pressing (see
for example the 16th and the morning on the 17th, the evening on the
18th and the 19th) and higher values when the ice is freely floating (see
for example the 17th in the afternoon and the 18th in the afternoon).
The deflection angle and the windfactor is well in agreemens with other
measurements (ref. 11).

The responce of the ice drift to wind changes may also be seen in the
figure 10 but it is important to take into account the effect of the cur-
rents below the ice. The curves indicate a very rapid adjustment at
some places a more or less immediate response is seen in other the
response time is one to two hours. Theoretical estimates point towards
an equilibrium state after a little more than 3 hours (ref. 11). Earlier
field measurements point towards 3 hours (ref. 12). Our wind and ice
drift values, which are hourly mean values based on measurements
made every fifteenth minute, consequently indicate a more rapid ad-
justment. In the morning on the 18th drift response is rather slow but
as shown in chapter 6 the currents were in the opposite direction of the
ice drift and affected the response time.

b) The motion of the ice around the TOR
Around the icebreaker TOR one small area (1 X1 km), one medium
area (5 X 5 km) and one large area (15X 15 km) were marked with ra-
dar reflectors, tarpaulins and flags in accordance with the principle lay-
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NORTH Figure 11. Principle layout of the

@ @ @ test area around TOR.
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out shown in fig. 11. The aim with the markings was doublefold. They
defined the area in which ground truth work was carried out during
the remote sensing project, and the radar reflectors in the large and
medium area were followed by the radars on board the TOR to study
the motion and the deformation of the ice around the TOR. The ice-
breaker was equipped with two radars, one 3 cm and one 10 cm. The
distance and direction to the reflectors were measured on a PPI every
hour. The reflectors were of the net type mounted on the top of an
aluminium pipe and kept on the ice with four wires (fig. 12).

Figure.13 shows the position of the reflectors around the TOR at
three different occasions. Lines have been drawn joining the reflectors
in order to show the area enclosed and its changes. As seen from the
figure the medium size area was rather unchanged during the move-
ment but the large one was deformed, especially in its western parts. In
the large area both a rotation and deformation occured during the pe-
riod. This area increased about 10 % during the motion southward and
decreased 10 % during the return. From airphotos and visual observa-
tions it could also be seen that ridges and leads formed in the large
area but not in the medium one.

As the accuracy in the position of the icebreaker based on the
DECCA navigator readings is about 100 meters, the accuracy in the
ice motion over an hour is about 3 cm/s independant of the ice velo-
city. The uncertainly in the reflector position is due to the radar
approximately 100 m.



Figure 13. The deformation of the
5% 5 km and the 15X15 km area
during the ice drift. The arrowed
line shows the drift of the TOR.
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6.The Current

The drift of the ice is also influenced by the water. Generally the effect
from the water acts as a retarding drag force but it may also, due to cur-
rents, act as a driving force. The influence from the water enters equation
(1) in the water stress and the gravitational term. Different methods were
used to study the currents (fig. 14).

]
o
(<]

a) Continuous measurements with an Alexejev current meter (ref. 13)
The instrument was handled by the Finnish Institute for Marine Re-
search and was placed 5 meters below the ice surface. The current me-
ter made a registration every 10 minute during the period March 11—
20. The threshold speed for this instrument is about 3—4 cm/s. During
the period March 11—16 there was hardly any current speeds higher
than the treshold speed, but later from March 16 higher values were
registered. They are presented as one hour mean values (attachment 9).

b) Discrete measurements with gelatine pendulums (ref. 14)
The pendulums were fixed to a rope and lowered into the water so that
were hanging at 0.5, 1.5, 2.5, 5.0, 7.5, 10, 15 and 20 meters below the
ice surface. The measurements are presented in appendix A and in
attachment 10, which gives vertically integrated currents between 0—
20 meters.

¢) Discrete measurements with a simple pendulum

The pendulum consisted of a plough, a rope, a protractor and a woo-
den stand placed on the ice surface. The plough was easily lowered
down to choosen depths and as the instrument could measure current
speeds less than 1 cm/s, the instrument was used to detect low currents.
13 measurements were made from March 4—14. On one single day,
March 11, current speeds above 1 cm/s were measured. The measure-
ments made with the simple pendulum are listed in appendix A.

The current under moving ice can be measured in two different ways.

(O] By anchoring the current meter at the bottom (absolute velocity)
[] By hanging the instruments at the ice surface (relative velocity)

Experiments with anchored gelatine pendulums were made but it
appeared impracticable to use this method under drifting sea ice, because
of the difficulties of taking up the pendulums. For that reason the second
method was used for all current measurements.

20

Figure 14. Different methods for
current measurements from ice
used during SEA ICE-75.

a) Continuously with an Alexejev
current meter

b) Discretely with gelatine pendu-
lums at different levels

¢) Discretely with a simple pendu-
lum adjustable to different depths.




Figure 15. A comparison between
ice-drift and current measured at
the TOR. The triangels are verti-
cally integrated values from gela-
tine measurements. The dashed
horizontal lines mark nonaccelera-
ted conditions. :

A disadvantage with hanging current meters is, that the relative current

speed will be measured, which means, that the ice drift must be well
known, the absolute current shall be calculated. It also means that the
accuracy of the absolute current will depend both on the accuracy of the
current meter and on the accuracy in the ice drift. The later one is less
correct, see chapter 5, and will therefore determine the accuracy in the
current measurements.

I

I

The results from the measurements are presented in different diagrams.

The Alexejev current meter values are plotted against ice drift in figu-
re 15. During the periods with high ice velocities high current veloci-
ties occured. When the ice was drifting almost constantly, the current
speed was 40—60 % lower than the ice speed and the current direc-
tion deviated to the right of the ice direction. In the figure vertically
integrated values from the gelatine current meters are plotted as triang-
les in the diagram. One can see that they agree quite well with the
Alexejev values. This indicates that the depth of 5 meters, where the
Alexejev current meter was hanging, represent the mean current under
the ice surface down to 20 meters.

The pendulum values are plotted against wind and ice velocity in
attachments 11—26. Looking from the atmosphere down to the sea
one can clearly see a clockwise. spiral structure between wind, ice and
water velocity. The attachments also show, in most cases, a clockwise
spiral structure in the upper layer of the sea.

III The pendulum values are also plotted against the depth both in linear

depth diagrams (attachments 11-—26) and in logarithmic depth dia-
grams (attachments 27-—28). The linear diagrams show a current down
to more than 20 meters and a sharp velocity gradient just under the
ice. From attachments 27—28 one can see a nearly logarithmic cur-
rent profile down to some meters below the ice. A logarithmic profile
is from dimensional consideration a necessity in the boundary layer,
not too near and not to far from the ice (ref. 15). Provided the
relative current under the ice is time independent and horizontally
homogeneous the roughness parameter, the friction velocity and the
friction coefficient between ice and water can be determined. In figu-
re 15 the periods, which have been selected to satisfy above conditions,
are marked with dashed lines.

From these few measurements the roughness velocity is 0.72 cm/s

ranging from 0.56 to 0.89 cm/s. It should be noted, that during the pe-
riods when the relative currents were selected as time independent and
homogeneous, there are two measurents where the velocity gradients are
so weak that it is not relevant to determine any roughness velocity. They
has been omitted when calculating the above values.
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From the friction velocity and the current at the bottom of the friction
layer the friction coefficient in the water has been calculated. Besides the
friction coefficient in air and water have been calculated in a number of
cases assuming a balance between wind stress, water stress and coriolis
force and using known currents below or at the bottom of the friction
layer (ref. 21). The friction coefficient values obtained with the two me-
thods agree and was 1.4-10-3 and 4.1.10-3 for air and water respectively.
Those values correspond to roughness parameters of the size 0.06 cm
and 0.6 cm. The above values have been used when computing the wind
and water stress in chapter 8.

In table 2 a comparison is made between roughness parameters obtai-
ned by different authors. It can be seen that our values are in good agree-
ment with values representing smooth ice in the Arctic.

The Ekman transport determined from the wind stress and the coriolis
factor has been studied. By comparing it with the transport in the ice, re-
ceived from our measurements it is seen that only a part of the Ekman
transport is in the ice. This means that momentum is transferred from the
air to the water.

UPPER ICE SURFACE

REFERENCE ROUGHNES?CigRAMBTER REMARK
range mean
Udin & Omstedt 1975 0.06 Ice in the Bay
Reed & Campbell of Bothnia
1960 (ref. 8) 0.02-2.65
Liljeqvist
1962 (ref. 13) 0.01 Smooth snow surface
Untersteiner & Badgley -y
1965 (ref. 14) ~10 -10 0.02 Arctic ice
Ling & Untersteiner
1974 (ref. 15) 0.008~0.018 . 0.0118 90% confidence interval
LOWER ICE SURFACE
ROUGHNESS PARAMETER
REFERENCE (cm) REMARK
range mean
Udin & Omstedt 1975 0.6 Ice in the Bay
Campbell of Bothnia
1965 (ref, 1) 0.1-2.65
Untersteiner & Badgley
1965 (ref. 14) 0.1-10 2,0
Johannessen
1970 (ref. 16) 8.1-10.0 9.4 Very rough ice
-" - 1.0-6.1 3.2 Quite rough ice
-" - 1.5-4.7 3.0 Rough ice
=" 0.2-1.4 0.7 Smooth ice
Hunkins
1972 (ref. 17) 0.15
Ling & Untersteiner
1974 (ref: 15) 0.817-1.93 1.255 90% confidence interval
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Table 2. Comparison of roughness
parameters determined by different
investigators.



Figure 16. The sea level deviations
at Ratan, Furdgrund and Kalix du-
ring March 1—21 1975.

/ The Sea SurfaceTilting

The sea surface, upon which the ice floats is tilting due to differences in
the sea level. From the tilting a gravitational force arises, which works to
move the ice in the direction towards lower sea surface. The force appears
in equation (1) as a gradient of the sea level.

In order to study the force, water level records from Ratan, Furdgrund
and Kalix have been examined for the period. The sea level deviations

from statistical mean values at the stations are presented in figure 16. It

shows water level changes at Kalix of 72 cm during the period, while the
changes at the other stations are smaller. The curves show large fluctua-
tions on March 11 and from March 15 until the end of the period.

The large scale sea surface tilting in the Bay of Bothnia has been cal-
culated from the water level records. Sea level deviations at Ratan and
Kalix, have been divided with the distance between the stations (figure
17). If the values are multiplied with the ice mass and the acceleration of
gravity (g=9,8 m/s?) they will correspond to the gravitational force G,
mentioned in equation (1). In the figure large values are seen on March
11 and from March 15 until the end of the period. The magnitude of the
gravitational force during the last days was of the same order of magnitu-
ce as the coriolis force caused by the earths rotation.

The drift speed. the current speed and the tilting of the sea surface are
compared in figure [8. The components in the length direction of the
Gulf of Bothnia (SSW-NNE) are given.
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Figure 17. The sea surface slope
between Kalix and Ratan during
March 1—21 1975.

Figure 18. A comparison between
the sea surface slope, the drift
speed and the current speed are
shown during March 16—19 1975.
The components are in the direc-
tion of the Gulf of Bothnia (SSW-
NNE).
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8.The Force Balance

The forces and parameters in equation (1) are discussed above. Of utmost
interest when studying ice dynamics: and forecesting is how the ingoing
forces balance cach other and what order of magnitude they have. Those
things. of course..depend on the length and time scale studied. In our
computation of the forces (ref. 21) the mesoscale has been considered.

When computing the forces in equation (1) a residue, O,arises due to
i.e errors in the measurements. Thus,

0 =m —1,—T,—C—G—R 3)

If the internal ice stress is put together with the residue to a rest term, 1

dv

O+R:l‘:m'a—

—T,— Ty —C—G (4)

In equation (4) the stress terms Ta and Tw have been calculated with
a ordinary boundary layer approach. Thus,

T=Cy -0 -y viv| (5)

where Cp is the friction coefficient and vy the stability in the air or the
wattr. The values of the friction coefficients are 1.4-10- and 4.1-10- for
air and water respectively.

The stratification in the water during the winter is almost neutral but
in the air inversions in many cases cause stable stratification.

The coriolis term has been computed from the knowledge of the ice
velocity, concentration, thickness and density. In the computation it is of
great importance to realize that the ice thickness on the mesoscale in
most cases deviates from the level ice thickness. As mentioned above
(chapter 3) the mean thickness due to deformation, ice ridges etc. may
differ with an order of magnitude.

The gravitational force has been computed in the way presented in
chapter 7 and with

= —mgVyz (6)

where V z is the surface slope.

The forces in equation (4) have been plotted in diagrams for fiftheen
different occasions. All studied cases show that Ta and Tw are approxi-
mately of the same size and opposite directed. The coriolis force is smal-
ler than the stress terms but in almost all of the cases at least one order
of magnitude larger than the acceleration and gravitional terms. The rest
term, r, varies in a systematic way. It is comparable to C when the ice
field is freely floating and increases when the ice starts to break. With
the reservation that the coefficients are choosen inproperly the variation
of r indicate that the internal ice stress (or a part of it) could be treated
as a viscous force, since r during the movement acted both as a driving
and as a retarding force in such a way that the momentum exchange be-
tween the ice floes seems physically acceptable.

Three of the diagrams mentioned above are presented in figure 19.
_They are choosen from the beginning of the drift period a), from the
middle b) and from the end the period c).
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Table 3. Ice salinity in different
layers and areas in the northern
part of the Bay of Bothnia.

9. Temperature and Salinity

In order to study how the water under the ice was stratified, how the
salinity varied in the ice and how the temperatur varied in different ice
types, measurements of salinity and temperature were made in the ice
and under the ice.

The salinity and temperature at different depths under the ice were
measured with an electrical thermometer and salinometer, type MC5 from
Electronic Switzgear.

The accuracy of this instrument is * 0.1 °C and = 0.1 %0. The
measurements are presented in attachments 29—32, which show a neutral
stratification in the water layers under the ice.

The salinity of the ice was measured in the following way. Two areas
with level ice thickness of 27 cm, were choosen. The ice was picked up,
cleaned-at top and bottom and then cut in four different slices. From the
slices two small (10X 10X 10 cm) pieces were put in plastic bags and
melted. The salinity was then determined in laboratory with an accuracy
of =+ 0.005 0. Two separate determinations were made for each level.
The results are presented in table 3. The table shows extreme low ice
salinity, less than 0.5 %0. One can also see that the ice salinity varies
with depths in the ice.

LEVEL AREA 1, 5(°/o0) AREA 2, 5(°/00)
(counted from top)

1 (2-7cm) 0.435 0.452
2 (8-13cm) 0.292 0.195
3 (14-19cm) 0.440 0.365
4 (20-25cm) 0.251 0.273

The ice temperature was measured at five different points with Pt100
transducers, coupled to an electric temperature meter. Measurements
were made continuosly between March 8 and March 19 excluding some
stops. The sensors were placed at different points on the ice, two sensors
were placed on an ice ridge, two on level ice with different thicknesses
and one 1.5 m above the ice surface. The results are presented on paper
records with registrations every second minute. One can see, that the
ice temperature follows the air temperature and that the temperature in
different ice types are differnt. The changes and lags seem however not to
be systematic.
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10. Conclusions and Discussion

The field experiment carried out in the Bay of Bothnia was a part of a
project concerning sea ice dynamics. The aim was to study the assump-
tions made in a numerical ice drift model under development at SMHI
and to collect sufficient input data for test runs.

The adjustment of the ice drift to wind changes is rather rapid. The
registrations indicate sometimes an almost immediate adjustment and
sometimes a total response after one or two hours. Assuming steady state
i.e. neglecting the first term in equation (1), seems therefore not critical
when working on a time scale of more than 6 hours.

From the registrations the angle between wind and ice drift, called the
drift angle and the relation between ice and wind velocities, called the
wind factor, are calculated. Under nonaccelerated conditions their mean
values are 30° to the right of the wind and 1.8 % of the wind speed.
The values agree well with values reported from Arctic studies.

Currents under the ice were measured both continously at five meters
and intermittently at different depths. Under moving ice the current velo-
cities at five meters were of the same order of magnitude as the ice ve-
locity and even at twenty meters considerable currents were measured.
Under nonmoving ice no currents were observed. The measurements
also show a weak clockwise spiral structure and indicate logarithmic
velocity profiles down to some meters below the ice surface.

Temperature and salinity at different depths were measured. The re-
sults show neutral stability condition in the water. In the atmosphere, the
meteorological radio soundings studied show that stable stratification is
most common in the area when the sea is ice corvered. When computing
the stress terms the assumption of neutral stability in the sea consequently
seems relevant but in the atmosphere the stable stratification must be
taken into account.

Frequent measurements of ice thickness show that it is important to
take into account the amount of deformed ice and not only to use the
level-ice thickness in the mass computations. The thickness of level-ice
and the mean thickness may differ up to one order of magnitude. The de-
formed ice also plays an important role for parameters in the boundary
layers both above and below the ice. In the computations of the coriolis
term the mean ice thickness must be used.

The slope of the sea surface and the gravitational force have been stu-
died. Differences of the sea level in the Bay of Bothnia may in extreme
cases cause a gravitational force which is of the same order of magnitude
as the coriolis term. In most cases however the tilting of the sea surface
cause a force which is one order of magnitude smaller than the corio-
lis term. Consequently it seems not critical to omit the gravitational force
in the equation of motion as a first approximation.

The balance of the forces in the equation of motion for sea ice has
been studied in a number of cases. The study shows that the two main
forces were the wind stress and the water stress and that those together
with the coriolis force and the internal ice stress mainly balanced each
other.

From the study variations in the rest term (including the internal ice
stress) are clearly seen. When the ice field was breaking up the force
was large but in free-floating ice it was smaller. It acted both as a driving
and as a retarding force.

When modelling sea ice dynamics on the mesoscale the equation of
motion may therefore be reduced to

Ta+ Tyt C+R=0 (7)
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In the computation of the stress terms the field experiment support a
boundary layer approach assuming an Ekman layer in both air and water
with logaritmic velocity profiles near the ice surfaces.

The results are in agreement with the approach made in the numerical
ice forecasting model developed at SMHI (ref. 1) but are in great contrast
with the model presented by Valli and Leppiranta (ref. 22).

By their assumption they mix the water stress and the internal ice stress
to one new force which they treat in a viscous way. This treatment of the
problem is totally unacceptable in a physical sense.

The data obtained during the field experiment will be used for further
studies e.g. the currents under the ice need a more thoroughly treatment
and probably increased field studies. They will also be used as initial and
verification data to the numerical model, for recalculation of certain con-
stants and parameters etc.
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Attachment 7

WIND AND ICE VELOCITY:BETWEEN 75-03-16 - 75-03-18

WIND VELOCITY ICE VELOCITY ANGULAR DIFFERENCE | WINDFACTOR
DATE TIHE |SPEED(m/s)|DIR(360°) | SPEED(m/s) |DIR(360°)|  o,-(6_-180°) ¥
RA % A 1 =1+ 200
A
16/3-75 | 0030 9.0 300 0.00 - - 0.0
0130 8.0 305 0.00 - - 0.0
0230 8.4 319 0.0u4 173 034 0.5
0330 7.0 310 0.00 - = 0.0
0430 6.9 312 0.04 214 082 0.6
0530 7.9 308 0.02 201 073 0.2
0630 8.4 305 0.02 201 076 0.2
0730 8.2 307 0.01 201 074 0.1
0830 8.0 310 0.01 201 071 0.1
0930 7.0 311 0.00 - - 0.0
1030 8.2 303 0.00 - - 0.0
1130 6.5 305 0.00 - - 0.0
1230 8.4 308 0.00 - - 0.0
1330| 12.0 340 0.11 207 ou7 0.9
w3o| 16.2 3us 0.16 207 ou2 1.0
1530 19.0 3u6 0.22 199 033 1.2
1630 17.5 353 0.22 204 031 1.2
1730 19.5 353 0.23 204 031 1.2
1830| 16.0 3y 0.25 194 030 1.6
1930 16.2 3u3 0.25 194 031 1.5
2030 17.2 345 0.26 194 029 1.5
2130 17.8 3u5 0.26 182 017 1.5
2230 18.0 3u5 0.29 200 035 1.6
2330( 18.0 3us 0.30 200 035 1.7
17/3-75 | 0030| 17.8 3u6 0.26 186 020 1.5
o130 16.2 342 0.26 1886 024 1.6
0230 18.0 342 0.27 186 024 1.4
0330{ 17.8 3u9 0.27 193 024 1.5
ouzo| 17.2 3u2 0.27 186 024 1.6
0s30| 17.5 35 0.28 186 021 1.6
0630| 17.2 347 0.29 186 019 1.7
0730 15.0 352 0.28 202 030 1.9
0830] 1.2 355 0.26 202 027 1.8
0930 1.8 355 0.25 202 027 1.7
1030 13.0 350 0.21 202 032 1.8
130 12.0 350 0.25 202 032 2.1
1230 10.1 3u8 0.19 202 034 1.9
1330 9.7 3u6 0.20 202 036 2.1
1430 9.0 3u2 0.19 208 ous 2.1
1530 8.1 n2 0.14 203 oul 1.7
1630 7.2 3u8 0.11 203 035 1.5
1730 6.5 351 0.09 208 037 1.4
1830 6.2 357 0.06 220 ou3 1.0
1930 5.3 005 0.00 - - 0.0
2030 3.6 008 0.02 214 026 0.6
2130 2.9 oug 0.05 249 020 1.7
2230 1.0 055 0-00 - - 0.0
2330 1.0 078 0.01 2u9 -009 1.0
WIND VELOCITY ICE VELOCITY ANGULAR DIFFERENCE | WINDFACTOR
DATE TIME |SPEED(m/s) [DIR(360°) | SPEED(m/s) [DIR(360°) 0,-(0.-180°) ¥
A ) %] o, 1™ A1, 100
a a 1 1 *
v
a
18/3-75 {0030 2.9 131 0.01 355 ouy 0.3
0130 4,0 145 - - - 0.0
0230 5.1 171 0.02 ol 053 0.4
0330 5.2 193 0.02 078 065 0.4
0430 5.4 188 0.08 o7 039 1.5
0530 6.1 187 0.06 028 021 1.0
0630 7.3 178 0.10 028 030 1.4
0730 7.9 167 0.08 028 o4l 1.0
0830 9.4 161 0.16 018 037 1.7
0930 10.8 158 0.19 029 051 1.8
1030 11,2 160 0.20 029 oug 1.8
1130 12.8 175 0.23 029 034 1.8
1230 13.8 174 0.30 037 ou3 2.2
1330 13.0 177 0.30 037 040 2.3
1430 4.7 184 0.30 037 033 2.0
1530 14.3 186 0.30 037 031 2.1
1630 14.0 190 0.30 037 027 2.1
1730 18.2 190 0.23 037 027 1.7
1830 13.9 194 0.23 oul 030 1.6
1930 15.0 195 0.28 oty 029 1.9
2080 13.0 213 0.30 ouly 011 2.3
2130 11.9 231 0.23 ouk -007 1.9
2230 11.7 252 0.16 069 -003 1.4
2330 12.5 277 0.16 069 -028 1.3
19/3-75 |0030 13.9 271 0.19 099 008 1.4
0130 14.8 270 0.19 099 009 1.3
0230 14.9 281 0.13 142 oul 0.9
0330 15.2 300 0.13 142 022 0.9
0430 15.8 315 0.13 12 007 0.8
0530 12.1 als 0.13 142 006 1.1
0630 14.5 320 0.07 186 oué 0.5
0730 9.7 312 0.07 186 054 0.7
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Attachment 8

! WIND VELOCITY, AIR TEMPERATURE AND AIR PRESSURE BETWEEN 75-03-10 - 75-03-20.

&;;th Day |Time Icebreaker TOR Rédkallen i Bjurdklubb Bjurdklubb
(GMTYDir(360)/Speed(n/s) temp|Dir(36¢)/Speed(m/s) temp | Dir(360)/Speed (m/s) temp Pressure(mb)
| : 03 10 00 229/03 1 - 250/06 ~1 ’ 1001.0
Heood 03 - 270/04 -2 270/06 -1 1002.4
.“5 06 239/04 -2 270/04 -3 250/06 -2 1004.0
08 290/04 ~1 270/04 -2 270/08 1 1006.5
12 230/05 3 250/04 0 270/07 5 1008.0
15 220/05 2 250/03 1 270/05 6 1008.9
18 230/01 -2 270/06 -2 210/07 0 1010.0
21 250/03 -3 - 210/06 -1 1010.2
11 00 070/00 -3 - 210/06 -3 1010.4
03 180/03 -3 220/04 -4 210/06 -4 1011.0
06 240/07 -3 340/05 -3 320/10 -1 1012.2
09 340/12 -2 340/09 -2 320/10 ' 1 1016.0
12 330/10 -1 340/06 -1 320/10 2 1020.2
" 15 310/09 -2 340/05 -1 320/08 2 1021.4
3 1;_ 18 300/10 -3 270/06 -2 300/07 -2 1022.5
AN 21 280/09 -3 - 300/06 -3 1023.4
L 12 00 280/10 -3 - 300/08 ~3 1023.4
03 250/08 -4 320/08 -1 300/08 -u 1023.0
06 270/07 -3 270/06 -1 300/08 -2 1022.8
09 240/08 -1 270/06 0 300/08 2 1022.5
12 250/08 4 320/07 2 320/10 4 1022.7

WIND VELOCITY, AIR TEMPERATURE AND AIR PRESSURE BETWEEN 75-03-10 - 75-03-20.

Montﬁ Day |Time Icebreaker TOR Rédkallen Bjurdklubb Bjurdklubb
(CMT)[pir (3509/Speed (m/s) temp | Dir(360)/speed fi/s)temp |Dir(360%/Speed (n/s) temy Pressure(mb)

03 12 15 240/08 3 300/07 2 270/08 3 1021.2
18 240/09 1 270/07 2 270/06 1 1020.8

21 270/10 1 - 300/06 2 1020.5

13 00 280/08 1 - 300/06 1 1021.4
03 280/07 0 270/04 0 300/05 0 1021.6

06 310/06 0 270/04 ¢ 300/05 2 1022.0

09 270/05 1 270/03 1 300/02 & 1022.2

12 - 270/03 2 270/04 8 1021.9

15 245/05 2 270/03 3 320/02 8 1021.9

18 230/06 -2 270/05 2 270/03 3 1022.1

21 270/08 -1 - 270/05 1 1021.8

1y 00 2u7/08 -2 - 270/04 0 1021.1
03 237/07 -3 270/08 -1 270/03 -1 1020.5

06 247/07 -3 250/06 -2 270/04 -2 1019.7

09 246/06 0 270/04 0 270/06 2 1019.5

12 196/03 3 230/02 1 230/03 5 1018.5

15 206/07 -1 250/04 2 180/03 5 1017.2

18 206/07 1 250/05 1 180/08 0O 1015.8

21 192/07 0 - 180/08 -1 1013.6

15 00 197/07 -1 - - 1011.7
03 193/07 -1 230/04 0 180/06 -2 1008.7

06 187/08 -1 230/06 © 180/06 -3 1006.5

09 197/10 0 230/06 © 210/05 1 100%.6
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WIND VELOCITY, AIR TEMPERATURE AND AIR PRESSURE BETWEEN 75-03-10 - 75-03-20.

Month|Day |Time Icebgeaker TOR Rgdkallen Bjurdklubb Bjurdklubb
(GMT) [Dir(360 )/Speed{m/s) temp |Dir(360 )/Speed(m/s) temp DiP(SSOO)/Speed(m/s) ‘temp [Pressure(mb)
03 15| 12 180/10 1 230/08 1 180/08 2 1003.5
15 188/09 -1 230/07 1 210/05 2 1001.4
18 188/07 -1 270/04 1 270/06 1 1000.3
21 310/06 3 - 320/05 1 999.0
16 | 00 300/07 -2 - 340/08 -1 997.0
03 310/08 -3 320/05 -2 340/08 -2
06 297/08 -1 320/05 -5 320/08 -4 994.8
09 300/07 -3 320/06 -3 320/08 -2 995.2
12 3yo/10 -1 360/09 -1 360/12 0 996.6
15 353/15 -2 020/12 -1 020/18 0 998.6
18 340/16 -3 360/11 -3 360/17 -1 1002.2
21 345/18 -5 - 360/18 -3 1005.3
17 |00 u2/17 -6 - 360/18 -u 1008.3
03 341/17 -6 340/07 -8 360/18 -4 1010.5
06 350/18 -6 3u40/07 -8 360/16 -4 1013.3
09 350/13 ~5 340/06™ -6 360/13 -4 1016.1
12 353/10 -3 340/05 -4 340/11 -2 1018.3
15 340/07 -3 020/02 -4 | 340/07 -2 1019.5
18 360/06 -5 lugnt -6 340/04 -4 1020.4
21 030/02 -3 - 250/02 -6 1022.1
18 Joo 140/03 -5 - 230/03 -6 1022.3
03 190/05 -7 230/08 -4 230/04 -8 1021.7
WIND VELOCITY, AIR TEMPERATURE AND AIR PRESSURE BETWEEN 75-03-10 - 75-03-20.
MontH Day { Time Icebreaker TOR Rédkallen Bjursklubb Bjurdklubb
(GMT)| Dir(360)/Speed(m/s) temp |Dir(36¢) /Speed (m/s)temp | Dir(368)/Speed(ys)temp| Pressure(mb)
03 18 06 170/08 -6 210/08 -4 210/07 -6 1020.3
09 160/11 -4 210/09 -3 210/04 -2 : 1019.0
12 - 210/08 0 210/08 0 1017.0
15 190/14 -2 210/08 0 230/07 0 1014.7
18 195/15 -1 210/08 1 230/10 1 1011.8
21 240/11 4 - 250/10 2 1010.6
19 00 270/1% 4 - 270/11 2 1010.3
03 305/14 -1 320/11 © 320/10 1 1012.1
06 320/10 ~3‘ 320/08 -3 320/12 -2 1015.5
09 310/10 -2 320/08 0 320/10 © 1017.8
12 300/10 © 320/07 © 320/10 2 1019.7
15 315/09 -1 320/05 1 320/10 2 1020.6
18 © 300/08 -4 320/05 -2 300/08 -2 1022.3
21 310/08 -4 - 320/07 -3 1024.0
20 00 310/08 -5 - 320/04 -5 1025.86
03 300/07 -6 300/05 -4 300/05 -6 1026.7‘
06 260/07 -5 300/05 -5 300/04 -6 1028.4
09 250/07 -3 300/05 -3 270/05 ~2 1029.3
12 240/07 -1 270/05 -1 270/04 1 1029.0
15 220/09 -1 230/05 1 250/04 4 1027.7
18 - 230/04 1 250/07 O 1027.2
21 235/09 -1 - 270/06 0 1027.1
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Attachment 9

CURRENT OBSERVATIONS

with Alexejev current meter
one hour mean values

RELATIVE VELOCITY ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DATE TIME VEL.EAST} VEL.NORTH | VEL.EAST , VEL.NORTH| DIR. VEL.
(em/s) (em/s) (cm/s) (em/s) (360°) (em/s)
75-03-16 | 0030 - 1.9 - 2.3 - 1.9 - 2.3 220 3.0
0130 - 2.4 + 0.5 - 2.4 + 0.5 282 2.k
0230 - 2.3 + 1.8 - 1.8 - 2.2 219 2.8
0330 - 2.5 + 3.3 - 2.5 + 3.3 323 .1
0430 - 2.3 + 2.9 - L5 - 0.k 265 4.5
0530 - 1.8 + 2.8 - 2.5 + 0.9 290 2.6
0630 - 2.8 + 4k - 3.5 + 2.5 306 4.3
0730 - 2.7 + 2.9 - 3.1 + 2.0 303 3.7
0830 - 3.0 + 2.7 - 3.4 + 1.8 298 3.8
0930 - 1.7 + 2.6 - 1.7 + 2.6 321 3.1
1030 - 1.7 + 2.5 - 1.7 + 2.5 326 3.0
1130 - 2,2 + 2.k - 2.2 + 2.4 318 3.2
1230 - 2.1 + 2.1 - 2.1 + 2.1 315 3.0
1330 - 1.6 + 3.3 - 6.6 - 6.5 225 9.3
1430 + 0.7 + 8.2 - 6.6 - 6.0 228 8.9
1530 + 1.5 +13.6 - 5.7 - T.2 218 9.2
1630 -1.2 +15.9 -10.1 - 4.2 2h7 10.9
1730 - 2.1 +15.7 -11.5 - 5.3 245 12.7
1830 - 0.7 +17.8 - 6.7 - 6.4 226 9.3
1930 -1.1 +1k .2 - 7.1 -10.0 215 12.3
2030 - 2.8 +18.0 - 9.1 - 7.2 232 11.6
2130 - 2.7 +18.6 - 3.6 - 7.k 206 8.2
2230 - 1.2 +19.8 -11.1 - 7.4 236 13.3
2330 -1.1 +18.6 -11.4 - 9.6 230 14,9
75-03-17 | 0030 + 0.8 +16.0 - 1.9 - 9.8 191 10.0
0130 - 0.4 +17.0 - 3.1 - 8.8 199 9.3
0230 + 0.1 +17.6 - 2.7 - 9.2 196 9.6
0330 - 0.8 +18.1 - 6.9 - 8.2 220 10.7
0k30 - 1.7 +18.5 - k4.5 - 8.3 208 9.4
0530 - 2.2 +19.2 - 5.1 - 8.6 211 10.0
0630 - 0.9 +20.1 - 3.9 - 8.7 20k 9.5
0730 0.0 +19.0 -10.5 - 7.0 236 12.6
0830 - 0.3 +18.2 -10.0 - 5.9 239 11.6
0930 + 2.8 +18.0 - 6.6 - 5.2 232 8.4
1030 + 1.6 +16.7 - 7.4 - 5.5 233 9.2
1130 + 1.2 +17.h - 8.2 - 5.8 235 10.0
1230 + 0.6 +15.3 - 6.5 - 2.3 250 6.9
1330 + 0.3 +12.5 - T.2 - 6.0 230 9.4
1430 - 0.3 +13.8 - 9.2 - 3.0 252 9.7
1530 - 0.8 +12.1 - 6.3 - 0.8 263 6.k
1630 - 1.9 +11.3 - 6.2 + 1.2 281 6.3
1730 -1.6 + 8.8 -5.8 + 0.9 279 5.9
1830 - 0.k + 6.6 - k.2 + 2.0 296 4.6
1930 + 0.3 + 4.5 - 0.3 + 4.5 L h.5
2030 + 0.b + 3.2 - 0.7 + 1.6 337 1.7
2130 + 0.6 + 2.9 - 4.1 + 1.1 285 b 2
2230 + 1.0 -1.8 + 1.0 - 1.8 151 2.0
2330 + 0.8 - 3.2 - 0.1 - 3.6 182 3.6
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Attachment 10
CURRENT OBSERVATIONS
with gelatine pendelums
vertically integrated values between 0 - 20 meters
ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DATE TIME VEL.EAST | VEL.NORTH DIR. VEL6
(em/s) | (em/s) | (360°) (360°)
75-03-16 | 1600 -8.4 -2.5 253 8.8
1700 -9.1 -2.8 253 9.5
1905 -6.2 -6.8 222 9.2
2000 -6.4 -7.4 221 g9.8
2115 -1.7 -6.9 194 7.1
75-03-17 | 0900 -8.8 -9.0 224 12.6
1015 -7.0 -5.3 233 8.8
1100 -8.0 -5.8 234 9.9
1310 -7.1 -4.7 236 8.5
1445 -7.0 -2.1 253 7.3
1540 -5.3 -0.6 264 5.3
75-03-18 | 1000 8.0 2.0 076 8.2
1050 9.8 0.9 085 3.8
1440 17.5 2.9 081 17.7
1530 13.7 2.8 078 14.0
44
E




e ———————— |

CURRENT MEASUREMENTS
WITH PENDULUM

Attachment 11

DATE: 75~-03-1} TIME: 1100
v
(‘"‘Is)
25
20
15
10
s
5 10 15 20 25
— U (cm/s)
WATER
Depth im)
WIND
12(my)
-30 =20 <10 0 10 20 30 -3 -20 -0 0 10 20 30
Yems) Vems)
s, s,
5 5
10 10
15 15
20 20
(m) {m)
CURRENT WEASUREMENTS Attachment 12
WITH GELATINE PENDULUMS
DATE: 75-03-16 TIME: 1600
v em)
s,
25( )
20
15
0
5
[ 5 10 15 20 125 U (‘m’)
s
)
WATER et /
Depih(m) /
/
/
/
ree [/
/{ WiND
lﬂ(m/.)
-3 =20 =10, 0 10 20 30 Uemy) -30 -20 10 10 20 30 V(«%)
s
5 5
10 10
[ 15
20 20
(m) (m)
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Attachment 13

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS

DATE: 75-03-16 TIME: }700
\4
(cm/s)
25
20
15
10
5
5 10 15 20 25 u (‘"‘/;)
20
WATER 055 /
Depth(m) /
/
/
1ce £
WIND
18(y,)
=30 =20 -0 0 10 20 30 -30 -26 -0 0 10 20 30
— Uemy) = Vems)
5 s
H
. 10 10
L 15 15
i
[ !
—t 20 \—{ 20
(m) (m)
CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE: 75-03~-16 TIME: 1905
v
(cm/s)
25
20
15
0
5
L 5 10 15 20 25 u ("“l;)
WATER /
Depth(m) \5-3%\ !
L |
/
!
/

\4 WIND

16(my)

=30 -20 -10 o 10
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20 10 U(‘"‘/s) =30 -20 -I_O 10 2'0_3‘0 V(crry,)
5 5
10 10
15 15
20 20
(m) {m)




Attachment 15

CURRENT MEASUREMENTS
WtTH GELATINE PENDULUMS
DATE: 75-03-16 TIME: 2000

Yoy
25

5 10 )5 20 25

+ v (‘:"‘Is)

WATER !

Depth (m)

ICE §

L

17(m,! )

=30 -20 -10 o

-3 -20 -0 o 0 20 30 V(cm/)
s.

10 20 230 U(‘:"'Is)
\E
5 5
o 10
15 15
20 20
(m) (m})

Attachment

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE:75-03-16 TIME: 2115

v (cm/s)

25

20

(4]

1o

5

— 5 10 15 20 25 U (emy,

WATER )
Depth (m}

WIND

15%.)

<30 -20 -0 0 10 20 30 Ufemy) ~30 20 -0 10 20 30 Y )
s 5
10 10
15 15
~+ 20 20
(m} (m)

16
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Attachment 17

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE:75-03~17 TIME: 0900

v (LA

25
20
5
10
5
5 10 15 20 25 v (i:"‘/s)
WATER
53 /
Depth (m) 1%, /
0"'
s/ g
»
v
/
Ice ¥
WIND
“('“/;)
-3 -20 -10 O 0 20 130 u(my) -30 -20 <10 0 10 20 :ov(‘m)
'3
5 5
10 10
|H 15
20 20
m) (m)

Attachment 18

CURRENT MEASUREM

ENTS

WITH GELATINE PENDULUMS

DATE: 75-03-17 TIME: 1015
Y
(cm/s)
25
20
15
10
5
5 10 15 20 25 v "“I)
+ S,
WATER
Y /
Dapib(m) % /
/
/
/
|I:E/

WIND

IJ(m /_)

=30 =20 -0 10 20 30 U(cm/‘) -30 -20¢ -10 10 Zfl 30 \(“%)
5 5
10 10
15 15
20 —+ 20
(m) (m}
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Attachment 19

CURRENT MEASUREMENTS
WITH GELATINE PENDELUMS

DATE: 75-03 -7 TIME: 1100
v
(""/s)
25
20
15
10
5
5 10 15 20 25
u cm/)
p—t s
WATER /
Depth (s 3 !
epth (m) s
pth (m :.., /
/
/
/
Ice ¥

WIND

")

-30 -20 -10. ©

10 20 30 U(tm,) -30 -20 -0 o W0 20 230 v(:"ys)
s,

5 s
10 10
15 15
20 20
(m) {m)

Attachment 20

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 1310

v (cm/s)
25

20

. 5 10 15 20 25 u (“"Is)

WATER
o R /
Depth (m) A9 /
/
/
ey
le"n
A%)
-30 ~20 -10 0 10 20 30 -3 -20 -10 0 10 20 30
e - o
s, "yl
5 5
10 10
15 15
— 20 20
m) (m)
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Attachment 21

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS

DATE: 75-03-17 TIME: 1445
v
0
25
20
15
10
5
5 0 15 20 25 u
cra
)
-
WATER e o
/
Depth(m) /
/
e ¥

/x WIND

9(m/s)
-3 ~20 -0 0 10 20 30 -3 -20 -0 0_ 10 20 30
U(cm/!) = V(cm/s)
5 5
10 10
15 15
—1 20 20
(m) (m)
CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 1540
v
(cm/s)
25
20
15
0
5
5 10 15 20 25
— s u (““ls)
50
WATER /
Depth {m) /
e ¥
WIND

&)

-3 -20 -10 O 10 20 30 U(cm,) -0 -20 -0 0 10 20 GOV(““/,)
s,

5 5
e 10
15 15
20 20
{m) {m)
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Attachment 23

CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS

DATE:75-03-18 TIME: 1000
WIND
Il(m/s) v
(o)
25
20
ICE
15 /
/
10
/ WATER
Y o5 Depth {m}
500 15 20 25
— U (emypy)

-3 -0 -6 0 10 20 30 U("“/; -0 -2¢ <10 ©° 10 20 30 V(‘"‘/s)
5
- 10
L 15
20 20
m) (m)

Attachment 24

WITH GELATINE PENDELUMS
DATE: 75-03-~18 TIME: 1050

WIND

RO

20
4 1ce
15 /
/
/
m/ WATER
/5/ s Depth{m)
o
15 20 25
— , . U (emy

-3 -20 <10 0 10 20 30 -0 -20 <0 0 0 20 30
—+ — U(‘"VS) V(“"/’)

- '
s | s
1o 10
+s is
. 4&»—‘ 20
(m) m)

51




Attachment 25

CURRENT MEASUREMENTS
WITH GELATINE PENDULLMS

DATE:75-03-18 TIME: 1440
wmb)
15{my,
(]
M (cm/s)
25
A ICE
20 /
/
15 ;
w 7/
7 WATER

5/ 0% Denthim)
e |y emyy)
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v e
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CURRENT MEASUREMENTS
WITH GELATINE PENDULUMS
DATE: 75-03~18 TIME: 1530
D
m
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/
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Attachment 27

VELOCITY PROFILES BELOW ICE SURFACE

DATE: 75~03-16

DATE: 75-03-16

TIME: 1905 TIME: 2000
M below M's below
ice surface ice surface
10 + +10 +
+ +
5 S +
1 a
05 05 +
P " A s« 2 o o4o2a o, 4 VEL —_ PP P VEL,
02 4 6 8 1012141618202224 2628 4 0 24 6 810121416182022242628 ™,

DATE: 75-03~-16
TIME: 2115

M's below
ice surface

b1o +

15

0s

oo VEL

DATE: 75-03-17
TIME: 0900

M's below
fce surface

Lo +

+1

0.5 +)

N VEL.

2 PRI S SRy
024 6810121416182022242628 7

PP
02 4 6 810121416182022242628 "%

Attachment 28

VELOCITY PROFILES BELOW ICE SURFACE

DATE: 75-03-17

TIME: 1015
M's below

ice surface

10

5 +

+
-1
0,5 [+

. . VEL.

DATE: 75-03-17

TIME: 1100
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jce surface
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024 6 810121416182022242628 ™4

DATE: 75-03-18
TIME: 1440
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R N , VEL.
820222426 8 ™4

024 68101214161

416182022 242628 ™/,
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Attachment 29—32

HYDROGRAPHIC OBSERVATIONS

HYDROGRAPHIC OBSERVATIONS

DATE: 75-03-04 TIME: 1000 DATE: 75-03-04 TIME: 1700
DEPTH | TEMPERATURE SALINITY DEPTH TEMPERATURE SALINITY
(m) (oc) (S©/00) (m) (°c) (s°/00)
0 0.0 3.4 1 -0.1 3.4
1 0.0 3.4 2 -0.1 3.4
2 0.0 3.4 3 -0.1 3.4
3 0.0 3.4 4 -0.1 3.4
4 0.0 3.4 5 -0.1 3.4
5 0.0 3.4 10 -0.1 3.4
7 0.0 3.4 15 -0.1 , 3.4
9 0.0 3.4 20 -0.1 . 3.4
11 0.0 3.4 25 -0.1 i 3.4
15 0.0 3.4 30 -0.1 3.4
20 0.0 3.4 35 -0.1 3.4
25 -0.1 3.4 40 -0.1 3.4
30 -0.1 3.4
35 -0.1 3.4
DATE: 75-03-05 TIME: 1030
DEPTH TEMPERATURE‘ SALINITY
(m) (°c) (s©/00)
DATE: 75-03-04 TIME: 1315 0 -0.1 3.4
1 -0.1 3.4
5 -0.1 3.4
DEPTH TEMPERATURE SALINITY 10 -0.1 3.4
(m) (°c) (s°/00) 15 -0.1 ; 3.4
, 20 -0.1 i 3.4
0 0.0 3.4 24 -0.1 ; 3.4
1 0.0 3.4 i
2 c.0 3.4
3 0.0 3.4 ]
A 00 34 DATE: 75-03-05 TIME: 1300
5 0.0 3.4
10 0.0 3.4
15 0.0 3.4 DEPTH TEMPERATURE SALINITY
20 -0.1 3.4 (m) (°c) (8°/00)
30 -0.1 3.4
35 -0.1 3.4 0 -0.2 3.4
40 -0.1 3.4 1 -0.2 3.4
2 -0.2 3.4
3 -0.2 3.4
4 -0.2 3.4
5 -0.2 3.4
10 -0.2 3.4
15 -0.2 3.4
20 -0.2 3.4
24 -0.2 3.4

n
=

s




HYDROGRAPHIC OBSERVATIONS

HYDROGRAPHIC OBSERVATIONS

DATE: 75-04-07 TIME: 2000 DATE: 75-03-10 TIME: 1600
DEPTH TEMPERATURE SALINITY DEPTH TEMPERATURE SALINITY
(m) (°c) (s°/00) (m) (°C) (s°/00)
0 3.4 0 -0.1 3.5
1 3.4 1 -0.1 3.5
2 3.4 2 -0.1 3.5
3 3.4 3 -0.1 3.5
4 3.4 4 -0.1 3.5
5 3.4 5 -0.1 3.5
10 3.4 10 -0.1 3.5
15 -0.1 3.5
20 -0.1 3.5
25 -0.1 3.5
DATE: 75-03-08 TIME: 1315 30 -0.1 3.5
35 -0.1 3.5
DEPTH TEMPERATURE SALINITY
(m) (°c) (S°/00)
0 -0.1 3.4
1 -0.1 3.4 DATE: 75-03-14 TIME: 1700
2 -0.1 3.4
3 -0.1 3.4
4 -0.1 3.4
5 -0.1 3.4 DEPTH TEMPERATURE SALINITY
10 -0.1 3.4 (m) (°c) (8°/00)
15 -0.1 3.4
20 -0.1 3.4 0 0.0 3.5
25 -0.1 3.4 1 0.0 3.5
30 -0.1 3.4 3 0.0 3.5
5 0.0 3.5
10 0.0 3.5
15 0.0 3,5
DATE: 75—03—09 TIME: 1430 20 +0,l 3.5
DEPTH TEMPERATURE SALINITY
(m) (°c) (S°/00)
1 -0.1" 3.4
3 -0.1 3.4
5 -0.1 3.4
10 -0.1 3.4
15 -0.1 3.4
20 -0.1 3.4
25 -0.1 3.4
29 -0.1 3.4
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Appendix A
WITH GEL.ATINE PENDUIL.UMS WITH PENDUL.UM
DATE: 75-03-04 TIME: 1000 DATE: 75-03-05 TIME: 1300
ABSOL.UTE VELOCITY ABSOLUTE‘ VELOCITY
DEPTH VEL, DIR, , DEPTH VEL. DIR,
(m) (em/s) (3600) (m) (em/s) (3600)
5 < ’3 - :!) <u1 -
7 _n - - - -
X " -
9 N - ; " -
" ="= - q 1]
13 - - 10 " -
15 - - 15 "
?o ="- - 20 -n -
25 e - - -
30 -ll- -
35 U -
WITH GFLATINE PENDULUMS
WITH PENDULUM DATF: 75-03-08 TIME: 0915
DATE :75-03-04 TIME: 1700 ABSOLUTE VELOCITY
DEPTH VEL. DIR.O
ABSOLUTE  VELOCITY (m) (em/s) | (3607)
DEPTH VEL. DIR. 5 <3 -
(m) (em/s) | (360°) 2 o i
1 <1 - 9 ':, ' -
" 1" - -
2 -l - "
3 _n_ _ 13 ~"a -
4 n_ - 15 - -
5 Ta 20 " -
1 n - 25 " -
0 - - - 30 "
15 e ‘ - - -

56




WITH PENDUI.UM

WITH PENDULUM

DATE: 75-03-08 TIME: 1900 - DATE: 75-03-09 TIME: 0830
ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR, DEPTH VEL. DIR.
(m) (em/s) (360°) (m) (cm/s) (3607)
1 <1 - 1 < -
3 LU - 3 L -
5 _n - 5 =M -
7 N - ]o (L -
9 _n - "5 L LI -
]] LU - 20 <" -
13 " - 25 " -
-‘5 _n -
W END
WITH GELATINE PENDULUMS ITH PENDULUM
DATE: 75-03-08 TIME: 1900 DATE: 75-03-09 TIME: 1430
ABSOL ELOC
ABSOLUTE VELOCITY DEPTH VEL UE XIEOCITY
DEPTH VEL. DIR, (m) (cm)s) (3660)
(m) (em/s) {(3607)
. < _
5 E 3 R
7 _ll_ - 5 -" -
9 " - ]0 " _
1 "= - "
15 - -
13 -"- - "
20 - -
15 =" - "
25 - -
20 -"e - 30 Tn_ -
25 " -
30 M -
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WITH PENDULUM

WITH PENDULUM

DATE: 75-03-09 TIME: 1645 DATE: 75-03-10 TIME: 1600
ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL., DIR. DEPTH VEL. DIR.°
(m) (em/s) (360°) (m) (em/s) (3607)
1 <1 - 1 <1 -
3 P L - 3 L -
5 N - 5 _n -
10 " - 10 ~"- -
]5 n - ]5 L -
20 = - 20 Ll -
25 " - 25 " -
WITH PENDULUM WITH PENDULUM
DATE: 75-03-10 TIME: 0930 DATE: 75-03-10 TIME: 2000
ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL, DIR, DRPTH VEL. DIR.°
(m) (cm/s) (360°) (m) (em/s) (360%)
1 <1 - 1 <1 -
3 Mo - 3 — -
5 _u_ - 5 _ll -
]0 " - ]O <M -
15 " - 15 =" -
20 " - 20 =" -
25 =" - 25 =" -
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WITH PENDULUM

WITH PEND!?.UM

DATE: 75-03-14 TIME: 0830 DATE: 75-03-14 TIME: 1700
ABSOLUTE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.n DEPTH VEL. DIR.O
(m) (em/s) | (3607) (m) (em/e) | (3607)
1 <1 - 1 <A -
3 " - 3 _n_ -
5 LU - 5 _l!_ -
10 n_ - 10 "o -
15 n_ - 15 M -
20 -"- - 20 ” -
WITH PENDULUM
DATF: 75-03-14 TIME: 1315
ABSOLUTE VELOCITY
DEPTH VEL.. DIR.o
(m) (em/s) | (360%)
1 <1 -
2 U -
) n -
4 " -
5 _n_ -
10 " -
15 _n -




WITH PENDULUM

DATE: 75-03-11 TIME: 1100

RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL, DIR. VEL, EAST| VEL. NORTH VEL. EAST] VEL, NORTH
(m) {em/s) | (360°) (cn/s) (cm/s) (cm/s) (cm/s)
1 7.8 016 2,1 7.5 - 5.4 -12.3
2 9.3 010 1.6 9.2 - 5.9 - 10,6
3 1M 010 1.9 10.9 - 5.6 - 8,9
4 1A 000 0 1.1 - 7.5 - 8.7
5 1.6 006 1.2 11.5 - 6.3 - 8.3
6 14,0 007 1.7 13.9 - 5,8 - 6.0
7 15.5 007 1.9 15.4 - 5.7 - 4,4
8 14.0 007 1.7 13.9 - 5.8 - 5,9
9 16,1 007 2,0 16,0 - 5,5 - 3.8
10 17.3 004 1.2 17.2 - 6.3 - 2,6
n 17.3 005 1.5 17.2 - 6,0 - 2,6
11.5 17.8 005 1.6 17.7 - 5,9 - 21
12.5 17.8 005 1.6 17.7 - 5,9 - 2]
13.5 18.4 005 1.6 18.3 - 5.9 - 1,5
14,5 18.8 005 1.6 18,0 - 5,9 - 1.8

WITH GELATINE PENDULUMS

DATE: 75-03-16 TIME: 1600
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTEVELOCITY
DEPTH VEL, DIR'O VEL, EAST| VFL. NORTH VEL, EAST| VEL. NORTH
(m) (cm/s) | (360°) (cn/s) (cn/s) (cn/s) (em/s)
1.5 17.0 000 0.0 17.0 - 8.2 - 3.4
2,5 16,7 006 1.7 16.6 - 6.5 - 3.8
5,0 17.0 000 0.0 i17.0 - 8,2 - 3.4
7.5 17.6 000 0,0 17.6 - 8,2 -2,8
10 18.4 352 - 2,6 18.2 -10.8 - 2.2
20 211 000 0.0 21.1 - 8.2 0.7
WITH GELATINE OBSERVATIONS
DATE: 75-03-16 TIME: 1700
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR'O VEL, EAST| VEL, NORTH VEL. EAST| VEL, NORTH
(m) (em/s) | (360°) (cm/s) (cm/s) (cm/e) (cm/s)
0.5 - - - - - -
1.5 16.7 355 - 1.4 16.6 -10.3 - 3.5
2.5 17.0 356 - 1.2 17.0 =10.1 - 3.1
5.0 17.5 000 0.0 17.5 - 8,9 - 2,6
75 - - - - - -
10 - - - - - -
15 16.6 004 1.2 .6 - 7.7 - 3.5
20 18.6 002 0.6 18.6 - 8.3 ~ 1.5
WITH GELATINE PENDULUMS
DATE: 75-03-16 TIME: 1905
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.o VEL. EAST| VEL, NORTH VEL. EAST| VEL. NORTH
(n) (en/s) | (360%) (cm/s) (em/s) (em/s) (em/s)
0.5 15,5 005 1.4 15.4 - 4,6 - 8,8
1.5 16.8 003 0.9 16.8 5,1 - 7.4
2,5 17.0 002 0.6 17.0 - 5.4 - 7.2
5,0 17.8 003 0,9 17.8 - 5,1 - 6.4
7.5 18.0 351 - 2,8 17.8 - 8.8 - 6.4
10 18,0 002 0.6 18.0 - 5.4 - 6,2
15 18,0 351 - 2,8 17.8 - 8.8 - 6.4
20 18.5 000 0.0 18,5 - 6,0 - 5,7
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WITH GELATINE PENDULUMS

DATE: 75-03-16

TIME: 2000

RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.O VEL, EAST | VEL., NORTH VEL. EAST | VEL, NORTH
(m) (em/s) | (360°) (cm/s) (cm/s) (cm/s) (cm/s)
0.5 17.0 001 0.3 17.0 - 6.0 - 8,2
1.5 17.3 002 0.6 17.3 - 5.7 - 7.9
2.5 18.0 357 - 0,9 18.0 - 7.2 - 7.2
5.0 18.3 000 0.0 18.3 - 6.3 - 6,9
7.5 17.8 004 1,2 17.8 - 5.1 - 7.4
10 18.2 352 - 2,5 18,0 - 8.8 - 7.2
15 - - - - - -
20 18.0 001 0.3 18.0 - 6.0 -7.2
WITH GELATINE PENDULUMS
DATE: 75-03-16 TIME: 2115
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DE'\’TH VEL, DIR.O VEL, EAST | VEL., NORTH VEL, EAST fVEL, NORTH
(m) (cm/s) (360 ) (Cm/s) (cm/s) (cm/s) (cm/s)
0.5 17.2 002 0,6 17.2 - 1.6 - 8.6
1.5 - - - - - -
2,5 18.2 005 1.6 18.1 - 0.6 -7.7
7.5 18.6 000 0.0 18.6 - 2.2 - 7.2
10 18.5 000 0.0 18.5 - 2.2 - 7.3
15 19.7 003 1.0 19.7 -1.2 - 6,1
20 21.4 000 0.0 21.4 - 2,2 - 4.4
WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 0900
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTEVELOCITY
DEPTH VEL, DIR.O VEL. EAST |VEL. NORTH VEL. EAST |VEL, NORTH
(m) (cm/s) | (3607) (em/s) (cm/s) (cm/s) (em/s)
0.5 15.2 001 0.3 15,2 - 9.3 - 8.4
1.5 15.0 005 1.3 15.0 - 8.3 - 8.6
2.5 16.1 006 1.7 16.0 -7.9 - 7.6
5.0 - - - - - -
7.5 17.7 004 1.2 17.6 - 8.4 - 6.0
10 17.7 008 2.5 17.5 - 7.1 - 6.1
15 18.1 358 - 0.6 18.0 ~10.2 ~13.4
20 19.6 358 - 0.7 19.6 -10.3 -13.3
WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 1015
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIK.O VEL, EAST |VEL. NORTH VEL., EAST |VEL. NORTH
(m) (em/s) | (360) (em/s) (em/s) (cm/s) (em/s)
0.5 16.2 007 2.0 16.1 - 7.1 - 6.3
1.5 - - - - - -
2,5 17.5 004 1.2 17.4 - 7.9 - 5,0
5.0 16,1 000 0.0 16.] - 9.1 ~ 6.3
7.5 17.4 002 0.6 17.4 -~ 8.5 - 5,0
10 18.7 004 1.3 18.6 -7.8 - 3.8
15 - - - - - -
20 18.5 023 7.2 17.0 - 1.9 - 5.4
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I WiTH GELATINE PENDULUMS

WITH GELATINE PENDULUMS

il DATE: 75-03-17 TIME: 1100
{i
! RELATIVE, VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
‘ DEPTH VEL, DIR, VEL. EAST | VEL, NORTH VEL. EAST |VEL, NORTH
' ‘ m) (em/s) | (360°) (cm/s) (cm/s) (em/s) (em/s)
| 0.5 14,5 000 0.0 14,5 - 9.2 - 8.2
| 1.5 - - - - - -
i 2.5 14,7 001 0.2 14,7 - 9.0 - 8.0
i 5.0 17.1 006 1.8 17.0 - 7.4 - 5.7
o 7.5 17.6 006 1.8 17.5 - 7.4 - 5.2
! 10 17.7 009 2.8 17.5 - 6.4 - 5,2
! 15 19,0 354 -2,0 18.9 - 7.2 - 2,8
oy 20 18,0 000 0,0 18.0 - 9.2 - 4,7
H ~ WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 1310
i,
§
1 RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTEVELOCITY
L DEPTH VEL, DIR. VEL. EAST |VEL, NORTH VEL, EAST |VEL. NORTH
(m) (cm/s) (360°) (cm/s) (cm/s) (cm/s) (cm/s)
} 0.5 14,5 005 1.3 14,4 - 6.1 - 3.8
j 1.5 14,5 007 1.8 14,4 - 5.6 - 2,8
3 2.5 14,0 359 -0,2 14,0 - 7.6 - 4.2
' 5.0 15.1 017 4.4 14.4 - 3.0 - 3.8
7.5 13.0 348 -2.7 12.7 -10.1 - 5.5
| 10 13,0 003 0.7 13.0 - 6.7 - 5,2
15 13.5 334 -5.9 12.1 -13.3 - 6.1
20 13.0 012 2.7 12,7 - A7 - 5.5

DATE: 75-03-17 TIME: 1445
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUE VELOCITY
DEPTH VEL. DIR.D VEL. EAST | VEL. NORTH VEL. EAST | VEL. NORTH
(m) (em/s) | (360°) (em/s) (cm/s) (em/s) (cm/s)
0.5 - - - - - -
1.5 - - - - - -
2.5 13.4 014 3.2 13.0 - 4,7 - 3.2
5,0 - - - - - -
7.5 15.5 010 2.7 15.3 - 5.2 - 0.9
10 14,2 000 0.0 14,2 -7.9 - 2,0
15 14.3 349 - 2,7 14.0 -10.6 - 2,2
20 14,0 005 1.2 13.9 - 6,7 -2.3
|
} WITH GELATINE PENDULUMS
DATE: 75-03-17 TIME: 1540
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.O VEL, EAST | VEL, NORTH VEL. EAST | VEL, NORTH
‘ (m) (em/s) | (3607) (cm/s) (cm/s) (cm/s) (cm/s)
‘ 0.5 13.3 351 - 2.1 13.1 -7.2 1.1
1.5 - - - - - -
2.5 11.0 008 1.5 10.9 - 3.6 - 1.1
5,0 10.0 008 1.4 9.9 - 3.7 - 2.1
7.5 11.2 359 - 0.2 11.2 - 5.3 - 0.8
10 12.0 353 - 1.5 11.9 - 6.6 - 0.1
15 - - - - - -
20 - - - - - -

f: G2




WITH GELATINE PENDULUMS

DATE: 75-03-18 TIME: 1000
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.O VEL., EAST| VEL. NORTH VEL, EAST| VEL, NORTH
(m) (em/s) | (3607) (cm/s) (en/s) (em/s) (cm/s)
0.5 10.0 181 - 0.2 -10,0 9.2 7.0
1.5 14,5 179 0.2 -14.5 9.6 2,5
2.5 16.5 188 - 2.3 -16.3 7.1 0.7
5.0 16,2 200 - 5.5 -15.2 3.9 1.8
7.5 - - - - - -
10 16.2 182 - 0.6 -16.2 8.8 0.8
15 18.0 180 0.0 ‘-18.0 9.4 - 1.0
20 - - - - - -
WITH GELATINE PENDULUMS
DATE: 75-03-18 TIME: 1050
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. DIR.O VEL., EAST |VEL, NORTH VEL, EAST |VEL. NORTH
(m) (em/s) [(360%) (en/s) (em/s) (cn/s) (en/s)
0,5 14,4 180 0,0 -14.4 10,0 3.8
1.5 - - - - - -
2.5 17.0 180 0,0 -17.0 10.¢0 1.2
5.0 17.1 180 0.0 -17.1 10.0 1.1
7.5 - - - - - -
10 18.4 182 - 0.6 -18.4 9.4 - 0.2
15 18,2 182 - 0.6 -18.2 9.4 0.0
20 18.5 180 0,0 -18.5 10,0 - 0.3
WITH GELATINE PENDULUMS
DATF: 75-03-18 TIME: 1440
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTEVELOCITY
DEPTH VEL, DIR. VEL. EAST [ VEL, NORTH VEL. EAST VEL. NORTH
(m) (em/s) |(360%) (cm/s) (cn/s) (en/s) (cm/s)
0.5 18.3 180 0.0 -18.3 18,0 5.7
1.5 19.2 180 0.0 ~19.2 18.0 4.8
2.5 20.0 181 - 0,3 -20.0 17.7 4,0
5.0 22,2 178 0.8 -22,2 18.8 1.8
7.5 23.1 185 - 2.0 -23.0 16,0 1.0
10 21.4 179 0.4 -21.4 18.4 2,6
15 23.7 185 - 2.1 =23.6 ]5.9 0.4
WITH GELATINE PENDULUMS
DATE: 75-03~18 TIME: 1530
RELATIVE VELOCITY RELATIVE VELOCITY ABSOLUTE VELOCITY
DEPTH VEL. L‘!IR.° VEL, EAST | VEL, NORTH VEL, EAST | VEL, NORTH
(m) (em/s) | (360°) (em/s) (cm/s) (en/s) (en/s)
0.5 - - - - - -
1.5 19.5 178 0.7 -19.5 18.7 4.5
2.5 19.7 200 - 6.7 -18.5 11.3 5,5
5.0 - - - : - s
7.5 24,3 194 - 5.9 -23.6 12.1 0.4
10 25,0 9 - 4,8 -24.5 13.2 - 0,5
15 20,6 193 - 4,6 =20.1 13.4 3.9
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