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I. Research at Fletcher's Ice . sland (T-3) 

1.  NAVIGAriON 

A Radio Navigation set, An/SRN-9 was placed in 
operation at T-3 on April 14, 1967. This set provides 
access to t: * Navy Navigation Satellite System. The 
system virtually revolutionizes the navigation of ice 
stations, fixes are not only much more accurate than 
celestial fixes but, perhaps more important, they are 
obtained mucn more frequently. 

The Navy Navigation Satellite System is a 
world-wide, all-weather system that provides accurate 
navigational fixes from data collected during a single 
pass of an orbiting satellite. It consists of up to 
four earth-orbiting satellites, four tracking stations, 
two injection stations, the U.S. Naval Observatory, a 
computing center, and shipboard navigational equipment 
(AN/SRN-9), of which there can be any number. 

Each of the four satellites is placed in a 
*:■■-        nominally circular polar orbit at an altitude of 500- 

700 miJ^s. Bach satellite orbits the earth in approxi- 
mately lü6 minutes. Through its useful life, the satellite 
transmits the following phase-modulated data on two RF 
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carriers: two synchronization signals, an identifica- 
tion code, a 400-cps tone, fixed and variable parameters 
describing its own orbit. 

The navigational fix obtained from satellite 
data is based on the change in frequency (Dcppler 
shift) that occurs Whenev.r the relative distance 
between transmitter and receiver changes. 

The AN/SRN-9 set consists of a roast group, 
a contrrl group and an electronics group. Some departures 
from shipboard use were made in the Arctic installation. 
The preamplifier is normally located with the antenna in 
the mast group. It was necessary to separate these two 
units when the set was installed in the Lament "Palace" 
trailer. The preamplifier was mounted insi^ to provide 
warm ambient temperatures. This had no dis .*nible 
effect on the operation. The data output i^ in the form 
of a printed message on adding machine pape**. To operate 
the instrument, it is only necessary to lock the receiver 
.nto the satellite signal, an operation that can be 
learned in 10 minutes. 

• Since the satellites are in polar orbit, a high 
percentage of fixes is obtained. Over a two-month 
period, fixes were spaced on the average at an interval 
of just under two hours. With celestial navigation, 
fixes are customarily taken once a day or not at all if 
cloudy conditions prevail. During the previous six- 
month reporting interval, 119 celestial fixes were 
obtained. Compare that with the 750 satellite fixes 
obtained in a two-month interval.' 

Ihe printed data have been used to compute the 
fixes at tamont on an IBM 1800 digital computer. The 
computer program, MAVIG 4, was written for navigation 
of the Lament ships. Experience has shown that care and 
thoroughness are necessary in editing the fixes t > 
eliminate those that are inaccurate. 

This system provides much improved position dat? 
for all geophysical surveys from the ice station. In 
addition, it provides new information on the detailed 
motion of ice under the influence cf wind and current. 

The AN/SRN-9 set at T-3 has been operated 24 hours 
out of every day so far to provide detailed coverage. 
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A PDP-8/S digital computer was purchased for 
use at; T-3 to compute fixes Immediately. The computer 
was shipped to T-3 but unfortunately» despite efforts 
by the manufacturer to give emergency delivery, it was 
too late to make the last airplane before the summer 
melt season. The computer will go to T-3 on the first 
airplane in the fal.l. 

On Jan. 1, T-3 was at TT^l.S'N 173029,W. 
On June 29, it was «it 80o12.6,N 172o50,W. 

A listing of the satellite positions of T-3, 
complete to June 15th, is included at the end of this 
report. Two additional computer progrsms have been 
written. One program plots the fixes on a polar stereo- 
graphic projection. This is called the "polar stereographic 
plotting program" (PSPP). The resulting maps are then a 
base for plotting bathymetry, magnetics, gravity, and other 
data. It hab also be^n found that these maps are most use- 
ful in editing the fixes. Any erroneous fixes are easily 
noted. 

A second program has been written which computes 
the velocity of the ice between fixes. This program is 
called the "speed and azimuth of ice locomotion" (SAIL). 
SAIL also corrects the fixes for the ice drift and punches 
a new set of corrected cirds. This correction is very 
small, generally about 0.01 knot, at the low speeds of 
ice movement. 

2.  BATHYMETRY 

During most of this period, T-3 drifted over the 
southwestern region of the Alpha Cordillera. This area 
is called the Sargo High on the GEB^O map of the Arctic 
Ocean. Depths ranged from 1045 to 3310 meters. Several 
interesting scarps up to 600 m high with pronounced 
magnetic anomalies were crossed. During June the island 
drifted over the Canada Abyssal Plain where the depth 
remained nearly constant at 3310 meters. The depths 
checked very closely at points where T-3 recrossed its 
own track. This provides a check on the accuracy of the 
navigation. 

.^—Jiig ■■*-*—-  ■-- 4-.^_  ^Lsa 
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3. GRAVITY 

Observations were made 3 to 6 times per day 
with the LaCoste and Ronibetg gravimeter #27. The 
instrument was carried to Barrow twice during Nay for 
checks on drift. 

Anomalies were observed over the scarps and over 
the Canada Abyssal Plain. 

4. MAGNETICS 

Continuous t-otal intensity measurements were 
made with a proton-precession magnetometer throughout the 
period. Exceptional anomalies exceeding 1000 gammas were 
noted over scarps on the Alpha Cordillera. 

In early May« approximately 20 measurements were 
obtained at spot stations with support of the U.S. Army 
Antarctic Aviation Detachment. A portable M-49 magneto- 
meter was used. The measurements covered the large anomaly 
on the western flank of the Chukchi Cap. 

5. SEISMIC PROFILER 

A profiler system with a single hydrophone and 
spark source was used over most of this period. Source 
energies ranged from 5000 to 9000 joules. Prominent 
reflectors were often observed with penetrations of up to 
2000 m below the bottom* 

A new sound source and recorder were delivered 
to T-3 in June. The air gun has been tested there and 
promises to provide a big inprovement over the spark 
source. The new recorder is a two-channel system with 
a brake-clutch drive. It is hoped that the entire system 
will be in operation by the middle of July. 

6. OCEAN CURRENTS 

A vertical string of four Savonius current meters 
and direction vanes was installed late in April through 
a hole near the hydro hut. The meters were placed at 
depths of 40, 125, 210 and 295 meters. A thermistor was 
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also placed on the same string at each of the above 
depths. The signals are carried to the Lament "Palace" 
trailer through electrical cables. Speed and direction 
from each depth can be read directly on large taut-band 
meters in the lab. The signals are also printed on a 
24-channel Esterline-Angus potentiometric recorder. 
Two other vertical strings containing only thermistors 
were installed in a triangular array with the current 
mater string. The triangle is SO in. on a side. 

This system is designed for a study of the 
dynamics of the upper Arctic Ocean. The stable ice 
platform of T-3 provides a unique vehicle for observing 
detailed motions of the upper layers. It is hoped that 
basic facts about Internal waves, wind-driven response 
and motions near the pycnocline may be revealed. It may 
be that: basic information, not yet possible in other 
oceans, may be collected in this way. 

An essential element of this study of ocean 
dynamics is the satellite navigator system. Without a 
precise positioning system the study would be relatively 
pointless. The satellite fixes will be uied to determine 
the velocity of ice drift. The drift velocity will then 
be vectorially subtracted from the current meter readings 
to give the true currents at the various depths. The 
computer program, SAIL, will be used here. 

Bottom currents were observed with a camera meter 
which photographs vanes, strings and a compass. Nine 
stations were taken during May revealing a current set 
predominantly in a southerly direction. Thus the bottom 
current runs opposite to the surface current in this 
region. Other indications of bottom currents were seen 
in bottom photos. Sediment flutings, winnowing around 
rocks and the bending of crinoids all gave confirmation 
of the currents. A field of crinoids with their heads 
all bent to the south gave striking evidence of bottom 
currents. The appearance was as of a field of grain bent 
before the wind. 

7.  MARINE GEOLOGY 

A new hydrographic vinch with 4000 meters of 
H"  cable was installed in the Lament hydro hut during 
May. The new winch was especially constructed for taking 
long cores but will also be adapted to all other oceano- 
graphic work. This winch has facilitated all of our 
oceanographic operations. 

 ^_ 
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Piston cores of up to 18 feet in length have been 
obtained with the new gear. An attempt was made to 
obtain a forty-foot core but the core pipe buckled. 
These cores are being analyzed at Lament's sedimentation 
lab. 

Botton camera stations were taken in April, May and 
June.  Photographs taken on a scarp of the Alpha Cordillera 
showed the first hard rock seen in Arctic bottom photos. 
Many forms of bottom life were observed. The roost striking 
was a close-up of a fish about one foot in length. Crinoids* 
holothurians, medusae, sponges, squid and brittle stars 
were also tentatively identified. Close-up pictures were 
made with a new tripod camera which gives much fine detail. 
Enlargements from these negatives constitute microphoto- 
graphs of the bottom since the objects are rendered larger 
than life-size. 

8.  GEOCHEMISTRY 

The geochemistry program was centered mostly 
around an intensive^sea vater sampling,for various radio- 
active nuclides (C!4, Cs™ Sr*0, Po"0, Pb*10.  Ü2" and 
U  ) in an attempt at determining the mixing rates of the 
various water masses present in the Arctic and the relative 
proportions of melt water, continental run-off and sea water 
making up the surface layer. 

Particulate matter was extracted from the sea water 
from various depths for the first time in the Arctic for a 
determination of the clay mineralogy of the fine particles 
in suspension in the water column.  It is part of a world- 
wide survey of the clays in suspension in the ocean con- 
ducted by Lamont in an attempt at understanding the processes 
of sedimentation. 

The water was sampled using a 200 liter double door 
water sampler designed at Lament for use in the Arctic. 
The sampler is closed at the appropriate depth by messenger 
release from the surface or by hit of a trigger weight on 
the bottom. 

A large capacity continuous flow centrifuge 
(1 liter/min) was used to extract the particulate matter. 



7. 

a) Carbon 14, Cesium 137 and Strontium 90; 

5 samples were run for these 3 1sotopee at the same 
depths as the prevlovq years for a determination of 
the rate of increase of these nuclides due to radio- 
active fallout. The surface -, Pacific maximum and 
minimum temperature -, Atlantic - and deep water 
layers were sampled. Also, 10 water samples f^om 
200 meter (Pacific water) to 425 meter (Atlantic 
water) depth at 25 m intervals were processed for 
Carbon 14 for a determination of the rate of mixing 
of these 2 water masses. 

b) Particulate Matter; 

9 water samples, from 200 to 1000 liters were ccntri- 
fuged at a continuous flow rate of 1 liter/min. 
Emphasis was put on near-bottom water in conjunction 
with a study of nepheloid layers. The particulate 
matter will be processed at Lament by x-ray diffrac- 
tion for a determination of the clay mineralogy. 

c) Uranium Isotopes; 

6 water samples, freed from all particulate matter 
were processed fox a determination of the total amount 
of U238 and of the u234/U23B ratio. This ratio is 
constant for the open ocean. Its value is not known 
for the Arctic ocean under ice cover. 

d) Partial pressure of - and total CG^ in sea water; 

3 deep water samples were processed as a continuation 
of a project started during the summer of 1966 to 
define the depth at which the water gets undersaturated 
in carbonate in the Arctic Ocean. 

e) Polonium 210 and Lead 210; 

Snow and 4 water samples (Surface -, Pacific -, Atlantic- 
and deep water) are being processed. 

9.  OCEANOGRAPHY 

Hydro stations were taken as follows: 

23 March 240 m 
28 April 2000 m 
22 May 2430 m 
31 May 500 m 
27 June 2955 m 
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Special attention was given to the top 250 ia 
in conjunction with sonar observations of scattering 
layers. The hydro stations have been used to obtain 
dens.ty profiles« to compute underwater sound velocities 
for use with the Precision Depth Recorder, and to locate 
the core depths of the various water masses for purposes of 
geochemical and biological sampling. 

An expanded range BT was used daily to follow 
geographical and temporal fluctuations in the fine struc- 
ture of the Pacific layer. 

10. BI0L03Y 

A half-Rieter plankton net was used to obtain 
vertical samples through each of the main Arctic water 
masses as part of a world-wide mapping of the distribution 
of foraminifera species. This net was also used to  sample 
the 50-meter deep scattering layer. 

Microplankton samples were taken at depths of 
25, 75» 150 and 500 m with a Van Dorn bottle and filtered 
through a Millipore filter. These will be examined with 
an electron microscope in the hope of further identifying 
the Arctic water masses by means of ccccolith spores. 

A submarine photometer was installed in late May 
at a depth of 10 m to give, in conjunction with a deck 
photometer installed atop the Lament hydro hut tower, a 
continuous record of the percentage of incident li< ht 
which filters through the snow and ice cover of Colby 
day.    As of June 2, the light intensity at 10 m had not 
reached 0.1 foot candles, the photometer's threshold . 

11. SCATTERING LAYER 

The patchy, diffuse scattering layer seen in 
other years on the 12 kc precision depth recorder appeared 
in early April at depths of 50 to 150 m. The 100 kc Ross 
fishfInder was able to resolve these diffuse clouds into 
a dense collection of hyperbolas. The 50 kc RCA fiah- 
finder showed some traces, but not nearly so many as the 
Ross - indicating that the dimensions of the majority 
of scatterers lie in the range of 1 to 3 cm. Vertical 
net hauls through this layer produced mainly copepods, 
amphipods, arrow worms and medusae. 



Although the diffuse ecatterincr layer on the 
PDR was observed only during the month c> April, a 
narrow diffuse scattering layer was continuously 
observed on the 100 kc Ross at a depth of 45 to 50 m. 
This layer did not appear on the 12 kc PDR, nor on the 
50 kc RCA. The layer was usually 2 to 3 mfsters thick, 
with a sharp upper boundary, and a more hazy lower one. 
Temperature, salinity, and oxygen measurements taken 
through the layer all showed sharp changes at the layer, 
with the top of the layer lying just below the well- 
mixed Arctic surface water. 

After wind action, waves of amplitude 2 to 4 
Aaters and of 7- to 10-minute period were observed in 
the layer on the Ross. These were evidently internal 
waves generated between the Arctic and Pacific water 
masses. 

The layer itself is probably of biological 
origin - possibly non-swimmers whose density has caused 
them to collect in the very top layers of the pycnocline, 
just below the homogeneous surface water. The diffuse 
nature of the scattering record indicates cross-sectional 
dimensions of less than 15 mm. McGili University, through 
a series of closely spaced vertical samples through the 
layer, discovered a high concentration of pteropods, with 
cross-sectional dimensions of about 1 mm. 

II. Theoretical Studies of Lonu-Range Sound Transmission 

Phase and group velocity computations were made 
for waves corresponuing to the first four normal modes 
for models which include the ice sheet and the ocean- 
bottom sediments. As previously noted, the ice cover 
has a negligible effect on the velocities of the waves 
below 50 HZ.  By including the ocean bottom sediments in 
the models, better agreement between observation and 
theory has been obtained. For sounds which do not penetrate 
too close to the ocean bottom, the calculations made for 
a bilinear -gradient model are in excellent agreement with 
the present computations. Computations of the variation 
with depth of pressure and particle displacement we;:e made 
for some of the models for which dispersion curves were 
computed. The computations are in reasonably gcod agree- 
ment with the measurements made on waves of the first 
normal mode. 



10. 

Appendix I 

Position data for T-3 for the period from 14 April, 
1967 to 15 June 1967 based on satellite navigation. 

Day, month, year and hour are self-explanatory. 
TZ indicates time zone which is zero in all cases, i.e., 
GMT is used.  Positive values of latitude are north, 
negative values south.  Positive values cf longitude are 
east, negative values west. Fixes are numbered consecu- 
tively. Note that a number of fixes which were obtained 
were rejected as erroneous, leaving gaps in the numbers. 
Erroneous fixes are generally due to a satellite pass which 
is too low on the horizon. 

The four values following fix number are partial 
derivatives giving the correction to be applied to the 
position for a given velocity of the ice island. These 
corrections have not been made to the fixes given here. 
The last two columns, course and speed, are the course and 
speed used in computing the fix. The speed is zero in all 
cases, indicating that no correction was made. Corrections are 
usually in the neighborhood of 0.03 or 0.02 nautical miles 
for T-3. A computer program is available for making these 
corrections but it was not believed that the corrections of 
a few meters were significant. Other errors are larger than 
this. 

II. Meetings attended and papers published 

K. Hunkins attended the following meetings during 
the period covered: 

(1) VELA UNIFORM Meeting held at the Office of 
Naval Research on March 9-10, 1967. A dis- 
cussion of the Lament Arctic program was 
given and its relation to the objectives of 
Project VELA. 

(2) Sea Ice Dynamics Conference held at the Naval 
Research Laboratory on June 26-27, 1967. A 
discussion of Lament's satellite navigator 
system was given. 

The following paper was published during this 
period: 

Hunkins, K., "Inertia! Oscillations of Fletcher's Ice 
Island (T-3) J. Geophys. Res., 72, 1165-1174, 1967. 

mmm ^ 
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