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ABSTRACT

This report summarizes environmental data obtained in March and April 1988 at an
ice camp in the Beaufort Sea 350 km north of Prudhoe Bay, Alaska. The measurements
include weather, floe drift, CTD profiles, ice properties, and underwater noise.
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I. INTRODUCTION

-~ This report presents environmental data taken in the spring of 1988, at/ ice camp
APLIS in the Beaufort Sea. The camp‘?was established and maintained by personnel from
the Applied Physics Laboratory, University- 'of Washington, to support ‘the’ Navy-
sponsored research and test activities conducted by the many organizations participating

-in ICEX 1-88. The environmental data — weather, floe drift, CTD profiles, ice proper-

ties, and underwater noise — were gathered by-APL-UW personnel,>primarily to support
the analysis of acoustic data obtained by ICEX 1-88 participants.

The camp was established on a multiyear floe approximately 350 km north of
Prudhoe Bay, Alaska. /The floe/which was first sighted on 1 March;>was occupied for
seven weeks and evacuated on 25 April upon ‘thé successful completion of test and
research objectives. During the period, the floe drifted westward 155 km, driven mainly
by the wind. A small amount of rotation accompanied the drift.

The camp was established at the edge of a refrozen lead, which was essential for
building a runway for aircraft, the only means of transportation to and from APLIS 88.
The finished runway was used almost daily by a Twin Otter and a CASA 212-200. It was
made long enough to handle the landing and takeoff of a Lockheed Hercules (stretch ver-
sion) that was used twice for Jelivery of fuel in drums:—Multiyear pressure ridges and
rubble fields surrounded the lead and the camp. All parts of the floe were easily accessi-
ble by snowmobile until, in the latter part of the exercise, one end of the runway was lost
when high winds opened up a new lead.

- Weather information on air temperature and pressure and on wind direction and
speed was recorded several times daily. Relatively warm temperatures averaging about
~18°C in the beginning were followed by a period of cold days averaging ~30°C. In the
latter days of the camp, the temperature was relatively high, generally around —5°C dur-
ing the day and dropping to —20°C at night.

--Many of the research activities at the ice camp involved underwater acoustic propa-
gation. Knowledge of sound speed profiles was therefore essential for understanding the
acoustic phenomena encountered. CTD casts were taken, usually early in the day, to
determine the properties of the water column down to 300 m depth. Sound speed profiles
were. then obtained from the measured temperature and salinity. The real-time perfor-
mance of acoustic equipment was predicted based on the profiles. The profiles were also
used in later data analysis.

Underwater ambient noise affected the quality of the acoustic data gathered.
Sources of the noise included thermal cracking of the ice, ridging, wind-generated waves
at open leads, and biological organisms. A comprehensive measurement program was
carried out to study the underwater ambi?ht noise. Noise was received through an array

-
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of four hydrophones placed 700 m from the camp and was recorded five minutes each
hour for 30 days. A good correlation between the wind speed and the noise level was
found. Noise levels 10 dB below that of sea state 0 in the open ocean were recorded.
This report will present only a synopsis of the noise spectrum level measured daily.
Detailed analysis will be presented in a later report.

All the data presented here are stored in digital format and available for further
analysis.

II. THE ICE CAMP FLOE

Selection of an ice floe suitable for a two-month camp was based on several require-
ments. First, the floe area had to be at least 3 x 4 km to support planned tests. Second, it
needed a refrozen lead long enough and thick enough (at least 1.2 m) to serve as a run-
way since transportation to and from the camp depended entirely on aircraft. Third, the
floe needed to be over water with good acoustic propagation characteristics, i.e., minimal
shadow zone and longest possible range. This last stipulation required the camp to be
located north of 72° latitude where the warm subsurface intrusion layer (a remnant of the
summer Alaskan Coastal Current that produces complex sound speed structure) is less
pronounced. In addition, at those latitudes the water is deeper, which helps minimize the
bottom acoustic interference.

On the first day of the search, reconnaissance flights out of the staging point at
Prudhoe Bay located a floe that met all the criteria. It was approximately 350 km from
Prudhoe Bay at 72° 50'N and 141° 44’W and over waters 3400 m deep. The floe was
about 6 x 6 km, with a large expanse of refrozen lead in the middle (Figure 1). The lead
was approximately 1.5 m thick with a snow cover of 15 cm. There were fissures several
centimeters wide in the lead, but they were not wide enough to affect the operation of the
runway. About two weeks after the camp was set up, a crack parallel to and north of the
runway appeared, opening to a width of about 30 cm. A hydrophone deployed in the
vicinity had to be recovered and redeployed on the camp side of the crack in order to
avoid possible ridging or further widening that might damage the cable that ran from the
hydrophone to the camp. The crack closed later without ridging. Small cracks such as
this have been observed in the past and are common occurrences. Often they are hidden
from view by snow cover.

The refrozen lead was surrounded on all sides by multiyear ice with hummocks as
high as 6 m. Immediately north of the lead was a relatively fresh rubble field with large
chunks of ice. The camp was established at the southern edge of the lead where the ice
thickness ranged from 1.5 to 2.4 m.

2 TR 8822
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Figure 1. A view of APLIS 88, looking north.

Observations of the surface beneath the flat lead during diving operations again
revealed the undulating characteristics found in previous years.l'2 Some crude measure-
ments of the under-ice undulation amplitude vs wavelength were taken by the divers, and
the result is given in Figure 2 showing an amplitude of 3.7 cm and a wavelength of
8.5m. The under-ice undulations were observed by the divers over a wide area of the
refrozen lead with uniformity in wavelength and orientation. The undulations are thought
to be caused by "sastrugi,” or windrows, in the snow cover, resulting in varying freezing
rates beneath. The snow cover was indeed uneven, but no measurements of amplitude
and wavelength were carried out. Bottom roughness over a short distance was also
examined during an acoustic experiment conducted at the lead. Cylindrical ice columns
up to 84 cm in diameter were removed from the lead and the bottom roughness measured
by laying an aluminum grid over the bottom and measuring the clearance between the ice
and the grid at the grid points. The measured rms roughness ranged from 1 mm for a
27 cm diameter plug to 3 mm for an 84 cm one.

At different locations on the refrozen lead the divers also observed bubbles 6 mm
and less in diameter entrained evenly within the skeletal layer. Unfortunately a quantita-
tive estimate of the bubble density is not available. The mechanism for the formation of

TR 8822 3
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the bubbles is currently not understood, nor is it known whether the bubbles were a rare
event or are always present within a new skeletal layer, although we did also observe
entrained bubbles in 1987.2 The bubbles were not observed in the skeletal layer of the
columns, mentioned above, that were removed from the water. Bubbles in the skeletal
layer would play a significant role in the scattering of acoustic energy.

Vertical Distance (cm)

Horizontal Distonce (m)

Figure 2. Under-ice undulation (least-squares-fitted sinusoid has amplitude of 3.7 cm
and wavelength of 8.5 m).

Owing to the vertical temperature gradient in the ice at this time of year, the ice was
still growing at a typical rate of about 0.5 cm per day under the flat ice of the refrozen
lead. Ice cores removed from the lead at various times showed the new ice to be colum-
nar.

Some relatively new keels a few months old were also investigated by the divers.
These keels had not gone through melt-season changes and therefore still retained their
original structure of randomly oriented blocks. No ice crystals were observed on the sur-
faces exposed to the water current. However, in protected areas such as pockets formed
by the blocks, ice crystals were found on the block surfaces.

4 TR 8822
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The surface and geometrical characteristics of the multiyear keels were totally dif-
ferent from those of the new keels. Divers reported that the multiyear keels generally had
solid mass with polished surfaces, and some with the appearance of rotten ice, lacking
recognizable signs of block structure. It was observed that when first formed the blocks
within a keel were randomly stacked with inter-block spaces and pockets. In the course
of melting and refreezing, the spaces were filled up, and the keel appeared as a solid mass
without sharp features or deep pockets. Bubbles of slightly larger size and lower density
than those in flat ice were observed within the surfaces of one keel selected for visual
examination. No ice crystals were observed on the surface of the keel, indicating an
apparent state of no growth, as contrasted to the fairly rapid growth of the flat ice in the
refrozen lead.

During a period of high winds on 13 April, a lead developed to the west and to the
north of the camp, rendering part of the runway unusable. Although this lead closed
again, the resultant rough ice/rubble field rendered that area inaccessible. The remaining
portion of the runway, however, was still more than adequate to handle the small aircraft
used for transportation.

. THE CAMP

The camp was established near the edge of the refrozen lead, at a location chosen
for its relatively smooth surface. The thickness of the ice ranged from 1.5 m to 2.4 m,
more than adequate to support the camp structures but not too thick for drilling
hydroholes. A mixture of plywood buildings and tents was erected in stages, spreading
out over an area of approximately 80 x 100 m. A layout and a photo of the camp struc-
tures are shown in Figure 3. The camp area was even larger if helopad, box piles, and
fueling stations are taken into account (Figure 1).

The buildings can be separated into five categories by function: sleeping, mess,
power, science, and logistics. Generally, sleeping quarters were 2.4 X 6.1 m, accommo-
dating a maximum of six people. At the height of the activities, 62 people were billeted
at the camp, though the camp averaged about 50 residents. In addition to the residents,
there were usually a few transients who came to work during the day and did not stay
overnight. The mess hall had a seating capacity of 54 which, in conjunction with
cafeteria-style serving, was adequate for camp needs. Power generators and workshops
were housed in three tents. During peak periods of power usage, a mix of five diesel gen-
erators provided up to 24 kW to power the scientific equipment. The majority of the
scientific work was carried out in or directed from the control building, the ARL/PSU
tents, and the oceanography hut, each with one or two hydroholes for deploying equip-
ment into the water. The control building was shared by several organizations and also
housed the communication equipment. Diving equipment was housed in the logistics
building, where those involved in logistics and diving operations lived.

TR 8822 5
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Figure 3. (a) Layout of the camp structures. Crosshatching denotes a tent; (0,0) indi-
cates the origin of an XY coordinate system. Small circles represent 0.91 m
diameter hydroholes. There was a 12 x73 m hydrohole in the larger

ARL/IPSU tent. (b) Photograph of the camp corresponding to (a).
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An XY coordinate system, with its origin at one of the hydroholes in the control
building (where an acoustic scanner was deployed), was set up for tracking underwater
vehicles and surveying hydroholes as shown in Figure 4. The XY axes were chosen to
run parallel to the sides of the control building and in turn parallel to the axes on the
tracking plotter so that a point on the plot could easily be visualized in the physical space
on the ice.

Ng +Y

NO: APL noise array

P1: NORDA srray &

P2: NORDA array 2

HO: CTD hydrohole

B4: APL ice block exp site

Li: ARL/PSU hydrohole

— (0,0): APL hydrohole & transit
—_ N Af-A& tracking transducers

A

0 250m

Figure 4. OQrientation of the XY coordinate system and the location of some sensors and
hydroholes.

An infrared ranging device and an engineer’s transit were set up on the roof of the
control building approximately over the (0,0) hydrohole to locate acoustically tracked or
surveyed points beneath the ice. Given the range and bearing from (0,0) to the tracked
point, the infrared device ranged on an optical target, which was hand-held and reposi-
tioned by trial and error, until a point on the ice was obtained that corresponded to the
tracked point beneath.

TR 8822 7
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IV. WEATHER

Air temperature, atmospheric pressure, wind speed, and wind direction were
recorded daily at semiregular intervals during the camp occupancy. This information
was used mainly for logistic operations, which did not require high accuracy. However,
in analyzing acoustic data where correlation to weather parameters was apparent, the lack
of accurate and frequent weather data proved to be a disadvantage.

While the camp was being set up, wind speed and direction were estimated or meas-
ured with a hand-held wind gauge, and the temperature was measured with a thermome-
ter. After 16 March, an Ultimeter model 20 electronic weather station with an estimated
accuracy of £2°C in temperature, 2 mbar in pressure, and 0.5 m/s in wind speed was
used. The anemometer was mounted on a pole 3m high and 30 m northeast of the
nearest camp structure. Figure 5 shows the weather measurements at APLIS 88.
Because the data were manually logged, they suffer from a lack of consistency and regu-
larity, with some days having very few or only one measurement. This is readily
observed in the temperature data prior to 16 March, before a routine was established.
The wind data, collected at 3 m height instead of the standard 10 m, may show lower
speeds than actually existed because of the boundary layer effect. Furthermore, because
the anemometer was northeast of a building, measurements of wind blowing from the
general direction of southwest (~ 225°) may have been corrupted. A seasonal warming
trend started in early April as shown in Figure 5. The temperature hovered around -5° C
for several days, making outside work easier.

As part of an optical experiment, the intensity of the blue color in the spectrum of
the sky irradiance was measured with a radiometer (United Detector Technology 360)
during the period 19-28 March. The radiometer had a cosine diffuser and an interference
filter with a centroid wavelength of 457 nm and effective bandwidth of 10.1 nm. The
accuracy of the readings was about 10%. Figure 6 shows the insolation values measured.
The sky was clear and sunny during the period except for three overcast/hazy days: 20,
21, and 24 March, as recorded in the weather log. The overcast resulted in lower intensi-
ties as expected. Note a generally increasing trend in the daily maximum radiation level
that can be attributed to the progressively higher elevation angle of the sun in the sky.

V. FLOE MOVEMENT

Driven by the wind, the floe drifted 155 km westward during the camp occupancy,
starting at a position 350 km northeast of Prudhoe Bay and ending at 300 km north. At
the beginning of camp, the position was tracked by an Omega system on the logistic air-
craft. After 8 March, a Transit Satellite Navigation System (NAVSAT) receiver (Furuno
FSN-80) and a Global Positioning System (GPS) receiver/clock (Kinemetrics/Truetime
GPS-DC) were set up at the camp. According to system specifications, the NAVSAT is

8 TR8822
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accurate to 100 m and the GPS* is accurate to 25 m. The GPS receiver was a new piece
of equipment being tested by APL, mainly as a clock to provide Coordinated Universal
Time (UTC), and was consequently considered a backup system to the NAVSAT
receiver.
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l Figure 5. Weather measurements at APLIS 88.

TR 8822 9

et




UNIVERSITY OF WASHINGTON -+ APPLIED PHYSICS LABORATORY

m 1 T7 T T T T T T T
: ]
L ]
o -1
1 E
5 C n ]
¥ gL -
@ r ]
€ o .
c - -
&~ D -
£ L 4
O o -y
\ - -
3:‘) 10 - k—_
r ]
0t i lJ Lllll} lJ i i IJ ]
19 22 25 28
MAR MAR

Day of Month, 1988

Figure 6. Sky irradiance level at 457 nm wavelength.

The NAVSAT fixes were automatically stored in the receiver for all satellite passes,
which occurred at an average interval of 20 minutes. Every few hours, all accumulated
sets of time, position, and elevation angle data were manually recalled and recorded in a
log book.

For the GPS system, an HP85 computer was connected to the receiver via a GPIB
interface and used as a data logger. GPS fixes were read from the receiver every 10
minutes and stored on a tape cartridge. Because of the limited number of GPS satellites
currently in orbit, good position fixes, requiring a minimum of three satellites in view,
were available less than half the time. Furthermore, problems with firmware/software for
data I/O resulted in frequent periods of data loss.

The NAVSAT positions were processed using a 6-point unweighted running-
average filter that yielded smoothed data points at roughly hourly intervals. Positions
obtained from satellite elevation angles greater than 60° were discarded because they
showed an offset in the longxtude relative to the ones with low elevation angles. Fig-
ure 7 shows a plot of the smoothed drift track of the floe. A listing of the floe position,
drift speed, and direction is given in Appendix A. Note that the time of day of NAVSAT
and GPS data is in UTC. For correlation to other data logged in local time (at Prudhoe
Bay), the time offset was nine hours, i.e., 1200 Zulu = 0300 local, through 2 April. The
offset became eight hours after 2 April because of the change to Daylight Savings Time.

To compare the fixes from the two satellite tracking systems, Appendix B gives
some figures for several time periods when data from both systems were available. They
show that the GPS system yielded better fixes, according to specification, and the
NAVSAT positions, when smoothed, agreed well with the GPS ones.
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Figure 7. Drift track of APLIS 88.

The drift speed and direction of the floe are shown in Figure 8. The drift speed and
the wind speed are shown together in Figure 9, where we see a good correlation between
the wind and the drift speed. A rise in the wind speed above 5 m/s generally produced a
corresponding increase in the drift speed of the floe. For example, see the correspon-
dence for 10 March, and for 13, 16, and 19 April.

As the floe drifted, some rotation was generally expected due to unequal external
forces acting on different parts of the floe. The amount of rotation was determined by
measuring the true bearing of the +Y axis of the XY coordinate system. To obtain the
true bearing of the +Y axis, the grid bearing of the Sun or the Moon was first read with a
transit positioned atop the control building over the (0,0) hydrohole, while the 0° refer-
ence mark of the transit was oriented toward the +Y direction of the range. Then the true
bearing of the Sun or the Moon at the time of the transit sighting was calculated using
information from a nautical almanac. The difference between the true and grid bearings
of the Sun or the Moon was the true bearing of the +Y axis.

The floe orientation was also checked by taking the magnetic bearing of the +Y axis
on the transit compass and converting to true bearing by correcting for the magnetic
declination (approximately 34°). The orientation of the +Y axis obtained by both
methods is shown in Figure 10. The declination is also plotted and shown in the figure.

TR 8822 11
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As in the past the floe generally rotated no more than 5° during camp occupancy. This
could be attributed to the high overall ice concentration that restricted the rotation of
individual floes.
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Figure 8. Drift speed and direction of APLIS 88. Time is in UTC.
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As shown in Figure 10, there was a 1-2° difference between the two methods. The
compass readings were more likely in error owing to the presence of ferromagnetic
materials in the building below. The compass readings were therefore adequate for
checking the floe rotation, but not for a good estimate of the true bearing of the +Y axis.

VI. CTD MEASUREMENTS

The CTD cast is the most important basic measurement for underwater acoustic stu-
dies. Understanding the nature of underwater sound propagation requires knowledge of
the sound speed profile derived from the temperature and conductivity data obtained in a
cast.

CTD casts were taken with a manual winch profiler mounted on a wall next to a
hydrohole in the oceanography building. The winch drum contained recording electron-
ics that were directly connected to sensors via a Kevlar-reinforced electrical cable. The
sensor package consisted of a thermistor (Sea-Bird), a conductivity cell (Sea-Bird), a
pressure sensor (Paroscientific Digiquartz), and a multiplexer. The sensors were manu-
ally winched into the water at a rate of about 1 m/s to a maximum depth of 300 m. Data
were recorded on a cassette during the down cast. The sampling rate was 2.86 Hz,
equivalent to one data point for every 0.35 m of depth. After the cast, the cassette was
removed from the winch and inserted in a reader. The data were read out via a BCD bus
to an HP Integral Personal Computer for processing and plotting.

Table 1 lists the casts made at the camp. The CTD profiles are shown in
Appendix C. Listings of the corresponding sound speed profiles are given in Appendix D
for the benefit of the reader who may want to do ray tracing. The points in the listing
were obtained interactively on a computer by plotting each profile on a computer screen
and then visually and manually selecting the features. The selection was made at small
intervals where the change in the speed gradient is large and at larger intervals where the
change is small. Because the sound speed profile structure varied daily, the number of
points picked is different for each profile.

Figure 11 is a typical temperature profile obtained in a deep XBT cast® in the vicin-
ity of APLIS 88. Note the characteristic temperature profile of the Beaufort Sea: a well-
mixed, very nearly isothermal upper layer that may extend down to 60 m (the figure
shows fluctuations due to system noise), a warmer intrusion layer from the Bering Sea, a
temperature minimum between 140 and 160 m, and Atlantic water below that increasing
in temperature to a maximum of 0.5°C. The average temperature of the shallow layer
was generally around ~1.72°C, very close (0.01 - 0.04°C) to its freezing temperature.
The water exhibited a high degree of clarity, as reported by divers and determined by
optical transmission measurements carried out by personnel from the Naval Surface
Weapons Center (NSWC) (see Appendix E).
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Table 1. List of CTD casts at APLIS 88

Local
Date Time  Cast # Comments

03-15-88 1705 1 installed sensors C16, T432, DQ1653
03-16-88 1950 2
03-17-88 1950 3 noisy data
03-18-88 0630 4 noisy data
03-18-88 1845 5
03-19-88 1010 6
03-20-88 0750 7
03-21-88 0620 8
03-22-88 0620 9

10

03-23-88 1240

03-24-88 0610 11

03-25-88 0610 12

03-26-88 0620 13

03-27-88 0620 14 CTD failed after 26 m

03-27-88 1240 15

03-28-88 0620 16

03-29-88 0625 17

03-30-88 0620 18 partial data only

03-30-88 1150 19

03-31-88 0615 20

04-01-88 0625 21

04-02-88 0625 22

04-03-88 1330 23

04-04-88 0900 24

04-04-88 1020 25 installed sensors C3, T429, DQ1653

for comparison with #24

04-05-88 0630 26 installed sensors C16, T432, DQ1653
* no cast #27

04-06-88 0930 28

04-07-88 0620 29

04-08-88 0620 30

04-09-88 0625 31

04-10-88 0930 32

04-11-88 0945 33

04-12-88 0930 34

04-13-88 0820 35

04-14-88 0700 36

04-14-88 2005 37

04-15-88 0930 38

04-16-88 0700 39

4-17-88 0830 40

04-18-88 0830 41

04-19-88 0745 42
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Figure 11. Temperature profile from an XBT cast.
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Since sound speed is largely a function of the temperature, the depth of the thermo-
cline is of great interest because it can have a major effect on sound propagation. Fig-
ure 12 shows the depth of the thermocline, which varied between 26 and 62 m during the
camp period. The depths were estimated from the CTD profiles in Appendix C. A gra-
dual deepening of the thermocline is observed from 1 April to 12 April. This may be
attributed to mixing, as indicated by the changes; the salinity generally increases in the
upper layer and decreases below it (see profiles, Figure 13). The mixing was not wind-
driven since the wind and the drift were very small. Because freezing was still taking
place, it was more likely caused by circulation set up by the sinking surface water that
became denser owing to the brine ejected during the freezing process. The largest
change in the thermocline depth, 20 m shallower than the previous day, occurred on
19 April. It might be attributed to the high wind and large drift that moved the floe over
a different mass of water. Higher floe drift rates on 13 and 16 April, however, did not
result in a significant change in the thermocline depth.
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Figure 12. Daily thermocline depth.

Since the tracking hydrophones were deployed at a depth of 30.5 m, severe ray
refraction (treating the hydrophone as the source) would have occurred when the thermo-
cline was near that depth. This case is illustrated with a ray trace in Figure 14 for a ther-
mocline of 30 m (cast #6). For comparison, a ray trace for a thermocline at 56 m
(cast #32) is shown in Figure 15. The effect of the thermocline is greatest at medium
ranges of 1000 — S000 m and shallow depths of 0 — 60 m.
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Figure 13. Comparison of successive pairs of salinity profiles showing mixing. Dates

and times refer to the solid line in each of the pairs. The dotted line in each
pair is a profile for the day after the solid line profile. To facilitate com-
parison of successive daily profiles, the dotted profile in each pair is the
same as the solid line profile in the next pair.
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Figure 14. Ray trace with source depth near a thermocline (CTD cast No. 6). Ray
angles from +2° to —10° at 0.5° decrements.
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VII. WATER SAMPLES

Water samples were needed for checking the calibration of the conductivity cells
and for pH information useful in studying acoustic absorption. Samples were collected at
eight depths using a Niskin bottle attached to the CTD cable 10 m above the sensor pack-
age. The sampling depth was determined from the depth sensor and corrected for the
10 m offset. Three 200 cc samples were taken from each cast, two for salinity analysis
and one for pH analysis. Salinity analysis was done at the chemistry laboratory of the
School of Oceanography, University of Washington, and pH analysis was done in the
field using a VWR model 87 pH meter. The measured pH values were temperature-
corrected to yield in-situ values. Table 2 shows the results of the water sample analyses.
Salinity readings from two CTD casts bracketing the sampling time are also shown for
comparison.

Table 2. Comparison of water sample analysis results and CTD readings.

Water Samples CTD Casts Difference in
2 April 1700-1755 2 April 0630 3 April 1330 Salinity Averages:
Depth(m ) Salinity pH Salinity Salinity Sample — Casts

15.8 31.509 8.23 31.453 31.543 +0.009
31.506

323 31.581 8.23 31.520 31.592 . +0.024
31.580

64.4 32.213 8.09 32224 32.17 +0.015
32.211

934 32.515 8.03 32,515 32.496 +0.009
32.513

153 32.924 797 32904 32.934 +0.005
32.924

195 33.512 7.97 33.433 33.420 +0.088
33.517

288 34.613 8.11 33.572 34.560 +0.046
34.611

4 April 0930 4 April 0900 4 April 1020

243 34.254 34.212 34.224 +0.047

34.268
20 TR 8822
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As shown in the right-hand column of the table, the analyzed salinity of the samples
and the computed salinity from the casts differ somewhat. Samples taken at 153 m and
shallower fall between the two CTD cast readings, indicating that the discrepancy was
probably caused by mismatched sample and cast times. Below 195 m, however, the CTD
readings were consistently lower than the sample by up to 0.09%.. This trend was also
observed in 1986.!

The conductivity cells were calibrated at the Northwest Regional Calibration Center
(NRCC) prior to the ICEX 1-88 field trip to within 0.002%. accuracy. The normal pro-
cedure for double checking the calibration called for consecutive casts with two different
cells and temperature sensors. If the salinity and the temperature readings obtained from
both casts agreed, all four sensors were assumed to still be in calibration. Two such casts
(#24 and 25) showed good agreement in temperature readings to 0.003°C and salinity to
0.01%o in the upper mixed layer. The discrepancy between CTD readings and sample
analyses shown in Table 2 is therefore somewhat disturbing.

The pH readings, corrected for water temperature difference at samplinF and
analysis times, averaged 8.09 in-situ, exactly the same as that obtained in 1986." The
significance of the pH is that it is a measure of the dissociation of the ions of the boric
acid, which influences low frequency sound absorption in the seawater. For example, a
hypothetical change of pH from 8 to 9 for water at ~1° C and 34%. would increase
absorption of 5 kHz sound from 0.39 to 0.77 dB/km, as given by Francois and Garrison’s
absorption f:quation.6

VIII. CURRENTS

Currents were usually estimated simply from the angle of the CTD cable, which was
usually nearly vertical, implying a very low current. This method was adopted because
no real interest in quantitative information had been expressed by the investigators at the
ice camp. Other more pressing tasks also made this a low-priority measurement.

On 13 April, during a period of high winds, a large cable angle was noted on a CTD
cast. The safety of an upcoming diving operation was in question, so a cast with a
current meter (InterOcean S4) was made to assess the speed and direction of the current
relative to the floe. The meter was attached to the end of the CTD cable and, to obtain
stable current readings, was alternately lowered and stopped at depth intervals of about
5 m. Fifteen of the data points at each depth were used to obtain an average and a stan-
dard deviation. The results are shown in Figure 16.

TR 8822 21
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Figure 16. Vertical current profile relative to the floe during high wind. Horizontal
bars indicate the standard deviation.

The absolute current (relative to the Earth) can be obtained by vector summing the
relative current and the floe motion. Figure 17 shows the estimated absolute current
computed with a floe drift speed of 26.1 cm/s and direction of 292°, as obtained by inter-
polation of NAVSAT data. It appears that the current at the shallow depths was induced
by the ice pack, which was in turn driven by the wind. Below 40 m, there was a current
layer flowing in the general direction of 270°.

IX. PROPERTIES OF iCE

Ice cores were taken with a 7.6-cm-diameter Sipre corer from the ~1.5 m thick
refrozen lead to study the physical properties of the ice column in connection with acous-
tic experiments performed at the lead. Soon after the core was removed, temperature was
measured at intervals along the core with a digital thermometer inserted into small drilled
holes; the measurements are shown in Table 3. Cores #1 and #2 were taken from ice
135.5 cm and 141.1 cm thick, respectively; cores #3 and #4 did not reach the bottom of
the ice. On cores #1 and #2, horizontal sections were removed and weighed. The
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Figure 17. Absolute current relative to Earth.

approximate density was computed using the length, diameter, and weight of each sec-
tion. Each core section was then melted in a covered glass jar and the salinity of the
liquid determined with a salinometer. Because some brine was lost from the cores when
they were pulled out of the surrounding ice, the density and the salinity readings for the
bottom sections of the cores are considered low.

The sound speed within the ice can be estimated, based on elasticity theory, using
Young’s modulus of elasticity E, density p, and Poisson’s ratio p as follows:

¢ =V[(E/p) (A=) / [(1+1) 1=2p)] (is) .

The modulus of elasticity can in turn be obtained from an empirical model based on
the model of brine volume by Langleben and Pounder:’

E =(10.0 - 0.0351 V,)) 1010 (dynes/cm?) .

A model for Poisson’s ratio is given by Weeks and Assur®:

pn=0.333+0.06105 exp (T/5.48) (T in°C) .
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Table 3. Measured ice core temperatures.

Core #1: 25 March,1630 hours Core #2: 3 April, 0900 hours
Depth Temperature Depth Temperature
(cm) °C) {cm) °C)

7.0 -17.6 5.0 -21.1
16.0 -17.6 150 -183
230 -16.1 300 -16.4
35.0 -14.8 450 -14.2
45.0 -139 60.0 -124
60.0 -124 700 -10.7
70.0 -12.2 80.0 -9.2
80.0 -8.0 95.0 -1.5
95.0 -6.4 105.0 -5.9

108.0 49 120.5 -4.0
118.5 23 1280 24
125.5 -2.1 136.0 -1.8
131.5 -1.6

1340 -1.9

Core #3: 8 April, 0930 hours Core #4: 8 April, 1010 hours
Depth Temperature Depth Temperature
{cm) °O (cm) (°C)

50 -24.2 50 -14.2
17.0 -22.3 12.0 -133
25.0 -20.7 240 -122
32,0 -19.5 380 -10.9
420 -18.1 50.0 -10.0
520 -16.6 66.0 -9.2
63.0 -14.4 76.0 74
77.0 -13.2 89.0 -6.4
90.0 -11.1 96.0 -53
99.0 -10.2

Finally, the brine volume is computed using the empirical relationships obtained by
Frankenstein and Gamner’® based on the measured temperature (°C) and salinity (%):

Vp =S8 (=52.56/T ~2.28) for -0.5>T >-2.06
V, =8 (-45917/T +0.93) -206>T >-82

Vp =S (~43.795/T + 1.189) -82>T>-229 .

From the relationships above, it is clear that the sound speed in the ice depends on
the fundamental properties: temperature, salinity, and density.
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The measured and computed properties of cores #1 and #2 are given in Table 4 and
plotted in Figure 18, along with the temperature profiles of cores #3 and #4. A linear
trend is generally observed in the temperature profile of the cores. In fact, the major
deviations from linearity were caused by the warming and cooling of the cores during the
delay, sometimes lengthy, between the temperature measurements, which were done both
indoors and outdoors.

Table 4. Measured and computed ice core properties.

Core #1: 25 March 1630 hours

Brine Sound
Depth Temperature Salinity Density Volume Speed
(cm) (§(®)] (%) (g/cc) (%) (my/s)
6.0 -17.6 8.7 0.932 320 3795.1
30.0 -15.3 6.6 0917 26.7 3875.1
49.0 -135 4.6 0911 204 3946.5
81.0 -1.9 43 0.910 29.0 3958.2
103.0 -5.5 3.8 0.925 35.3 3946.7
116.0 -2.9 37 0.959 62.0 3787.9
121.0 2.2 39 0.955 85.0 3643.0
126.8 -2.0 42 0977 100.7 34727
1325 -18 6.9 0.860 185.5 2731.0
Core #2: 3 April 0900 hours
Brine Sound
Depth Temperature Salinity Density Volume Speed
(cm) (0] (%) (g/ce) (%) (m/s)
36 211 83 0.922 27.1 38439
228 -17.3 6.7 0.928 249 3857.0
29.6 -16.4 59 0.927 228 3878.5
45.6 -143 55 0.935 234 3868.1
61.1 -12.2 40 0.916 19.1 3956.0
73.8 -10.1 38 0911 21.0 3977.4
90.7 -8.0 39 0.930 26.0 39359
106.8 5.7 43 0.918 38.6 39275
1229 -3.5 42 0.897 59.0 3904.9
129.5 -23 39 0.919 81.5 3738.7
136.0 -1.8 6.6 0.749 177.5 3042.8

Core #3 (Figure 18c) was obtained from an area where the surface snow had been
removed about 18 days earlier and shows a surface temperature near that of the air,
which averaged about —25°C. The core’s temperature gradient was nearly constant,
meaning a quasi-equilibrium between the air and water temperatures had been esta-
blished since the removal of the surface snow layer.
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Figure 18. Measured and computed properties of ice cores: (a) 25 March, 1630, (b)
3 April, 0900; (c) 8 April, 0930; (d) 8 April, 1010.
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The salinity profiles of Figures 18a and b show higher values at the top of the ice
than at the bottom. This is consistent with the freezing process within the so-called
skeletal layer near the bottom of the sea ice. As freezing takes place, brine is separated
from the ice crystals and expelled. When the freezing is fast, as for thin ice, some of the
brine does not have time to drain and gets trapped between the ice crystals, causing
higher salinity in the ice that is to become the upper portion of the ice column. As the ice
grows thicker, the freezing rate slows down and the brine has more time to drain, result-
ing in a lower salinity in what is to be the middle portion of the ice column. As men-
tioned before, brine drainage at the time of core removal was observed. The salinity
measured in the skeletal layer at the bottom of the ice is therefore probably lower than
the actual. However, the measured values of 6.6%0 and 6.9 %o a§ree with the value of
6.6%o obtained from the sea ice salinity model of Cox and Weeks!

Si=KeffSw »

where §; is the salinity in ice, K .5 is the effective distribution coefficient, and S, is the
salinity of seawater;

K o5 = 0.26/[0.26 + 0.74 exp(=7243V')]

for growth velocity V > 3.6 x 107 cm/s,
K o =0.8925 + 0.0568 In(V)

for2.0e —6<V 3.6x 107, and
Keff= 012

for V <2 x 107%. The agreement is based on S,, of 32%. and estimated growth rate of
5.8 x 1078 cmy/s (0.5 cm/day).

Although measured crudely, the density of the ice above the skeletal layer agrees
well with that measured in 1986 during ICEX 1-86! (0.91-0.92 g/cc), when a more accu-
rate immersion method was used.

The computed sound speed is noteworthy because it is nearly constant
(38004000 m/s) for the upper portion (< 1 m) of the ice. These values agree well with
the average of 3840 m/s obtained by Bunney'! using direct speed measurements on sam-
ples cored from 1.5 m thick annual ice. A sharp drop-off in the sound speed is observed
near the bottom. Unfortunately Bunney’s measurements stopped at 10 cm from the bot-
tom of the ice, so the low velocity in the skeletal layer cannot be confirmed. However,
the lower part of Bunney’s velocity profile does indicate a small decreasing trend.
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X. UNDER-ICE AMBIENT NOISE

A comprehensive noise measurement program was carried out to study the temporal
characteristics and the spatial correlation of under-ice noise. This section, however,
presents only the daily measured background noise levels for a synoptic view. Detailed
analysis of the data will be presented in a follow-up report.

A block diagram of the experimental setup is shown in Figure 19. Four omnidirec-
tional hydrophones (ITC 6050C) with very low self-noise levels of ~17 dBs were placed
at 700 m from the camp to minimize interference from noise generated by activities at
the camp. The hydrophones were deployed in the configuration of an orthogonal axis
system with one as the origin (15.2 m deep) and the other three along X,Y,Z axes, each
15.2 m from the origin. With this layout, a noise burst received at the spatially separated
hydrophones can be cross correlated to estimate the direction and range of the source.
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Figure 19. Block diagram of ambient noise measurement setup.
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A 60 dB rejection notch filter centered at 9.5 kHz was sometimes used to reduce the
interference from the signals generated by tracking and underwater communication. The
ambient noise signals were then recorded on a 20 kHz-bandwidth VCR data recorder
with two digital channels of 88 dB dynamic range and two HF channels of 75 dB
dynamic range. An HP41 CX was used to control the recorder, turning it on at hourly
intervals and shutting it off after a programmed recording period, typically 10 minutes.

In the Laboratory the data tapes were run through a spectrum analyzer using a Han-
ning window, and 64 consecutive spectra were ensemble-averaged to obtain a smoothed
spectrum. The recording taken nearest 0000 hours of each day was used as a representa-
tive spectrum. Some additional noise spectra during the high wind period on 13 April are
also given. Plots of the spectra are given in Appendix F. The sound level is given in
spectral units, i.e.,, re 1 p Pa // 1 Hz. Note that these spectra were obtained from the so-
called ‘steady-state’ intervals during which there were no irregular noise bursts generated
by ice cracking or ridging. Spectra with a dip centered at 9.5 kHz are those recorded
with the notch filter enabled. Sometimes low level ambient noise at high frequency was
masked by the self-noise limit of the hydrophones. The spectral lines at higher frequen-
cies were caused by interfering electronic equipment. To minimize these spurious spec-
tral lines we tried different ways of grounding and isolating equipment. The relatively
low level of the lines and the ability to record low noise levels indicated reasonable suc-
cess.

To illustrate the effect of wind speed on the under-ice ambient noise, noise level at
arbitrarily selected frequencies of 1, 5, and 20 kHz (from the spectra in Appendix F) were
plotted along with wind speed against day of month in Figure 20. Wherever a spurious
peak was encountered, the local noise floor level near the selected frequencies was used.
For example, the peak level of 61.2dBs at 20 kHz on 7 April was replaced by an
estimated floor level of 18 dBs. The figure shows that, with the exception of the data
before 30 March, there is good correlation between the ambient noise and the wind
speed. A probable mechanism to explain this apparent high degree of correlation is
wind-blown snow impacﬁn% the surface. Although other wind-induced mechanisms may
apply as well, such as drift 2 and ridging.13 If this is the case, then there is probably a
critical wind speed below which there is no blowing snow and therefore no correlation
between the noise and the wind. Figures 21-23 show the same ambient noise data shown
in Figure 20 plotted against the wind speed. It is seen that the noise level was indeed
nearly constant for wind speed less than ~3 m/s. If there is any correlation below this
speed, it is negligible. Unfortunately there were no visual observations to verify this
speed as the threshold for blowing snow conditions. Least squares fits for data with wind
speeds above 3 m/s yield slopes of 1.3, 2.8, and 2.2 dBs/m/s, for 1, 5, and 20 kHz,
respectively, as shown in Figures 21-23.

It should be mentioned that there are other causes of ambient noise such as wave
action in an open lead, changing air temperature,’* radiant heat flux,'> and floe
cracking/ridging (as happened on 13 April). Some of those factors may have accounted
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for the low correlation between the wind speed and the noise levels of the data prior to
30 March. For the data after 30 March, the dominant factor appears to be the wind action
on the surface of the ice, as discussed previously.

Comparison of Ambient Nolse and Wind Speed
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Figure 20. Daily ambient noise at 1, 5, and 20 kHz vs wind speed.
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Figure 21. Ambient noise at 1 kHz vs wind speed. Slope of dashed line = 1.3 dBs/m/s.

30 TR 8822




UNIVERSITY OF WASHINGTON *+ APPLIED PRYSICS LABORATORY

~ 70 1 L] T 1 T T
O
5
-— BO— A ’a"’{
. o
. 07 a e ’
~ 40r Ao -7 .
(=] 30-. -
P-4 A
A A A A

= && AA
3 20} A =
E 10 1 1 1 L ! L

8] 4 6 8 10 12 14

Wind Speed (m/s)

Figure 22. Ambient noise at 5 kHz vs wind speed. Slope of dashed line = 2.8 dBs/m/s.
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Figure 23. Ambient noise at 20 kHz vs wind speed. Slope of dashed line = 2.2 dBs/mis.
Figure 24 shows a noise spectrum taken on 13 April at 1830 when the wind was
blowing at 12.5 m/s, the maximum wind speed encountered at APLIS 88. Another spec-
trum shows the lowest level measured on 18 April when the wind was negligible. These

two spectra, 30 dBs apart, are considered the maximum and the minimum noise levels
measured during the camp period. The minimum level spectrum, about 10 dBs below
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that of sea state O for open ocean, is also the lowest encountered at recent (since 1984)
APL ice camps, where levels near sea state 0 were generally the lowest observed.!
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Figure 24. Maximum and minimum noise spectra at APLIS 88. The dip around 9.5 kHz
in the maximum spectrum is caused by the notch filter.

It should be noted that the placement of hydrophones 700 m from camp was more
than adequate to avoid contamination by noise generated at the camp. Measurements to
verify this are given in Appendix G.
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APPENDIX A

Listing of ice camp positions obtained from NAVSAT system.

Data points have been smoothed with a 6-point running average filter. Times are given
in UTC. To obtain local time, subtract 9 hours for days up to and including 2 April, and
8 hours afterward.




Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/hr true

0301 - 72 30.70 141 4400 ---- -
0303 1530 72 2300 142 000 - -
0304 0935 72 21.70 141 5720 - -
0305 -—- 72 2220 142 3470 -~ -
0306 0930 72 2680 142 5330 - -
0308 0125 72 3267 143 968 - -
0308 0333 72 3284 143 1090 035 294
0308 0444 72 3292 143 1157 034 293
0308 0545 72 3297 143 1222 035 288
0308 0657 72 33.12 143 1330 047 291
0308 0800 72 33.17 143 13.82 043 292
0308 0904 72 3322 143 1435 029 287
0308 0955 72 3325 143 1478 029 284
0308 1039 72 3327 143 1512 0.28 283
0308 1210 72 3331 143 1561 021 284
0308 1340 72 3333 143 1598 0.16 281
0308 1520 72 3335 143 1637 0.14 278
0308 1706 72 3336 143 1677 0.12 276
0310 0417 72 3244 143 1679 - -
0310 0721 72 3266 143 1891 0.60 282
0310 0802 72 32.74 143 1960 059 289
0310 0848 72 3285 143 2060 079 291
0310 0942 72 3302 143 2170 0.76 297
0310 1042 72 33.14 143 2251 049 295
0310 1141 72 3336 143 2351 0.70 306
0310 1242 72 33.57 143 2440 063 308
0310 1337 72 33773 143 2525 060 302
0310 1431 72 3392 143 2599 059 309
0310 1512 72 3410 143 2648 063 320
0310 1552 72 3427 143 2715 074 310
0310 1632 72 3441 143 2768 0.58 310
0310 1736 72 3458 143 2869 060 299
0310 1832 72 3476 143 2979 075 29
0310 1935 72 3494 143 3075 059 301
0310 2038 72 3510 143 3180 063 29
0310 2145 72 3525 143 3282 057 29
0310 2251 72 3545 143 3391 065 301
0310 2331 72 3561 143 3446 063 314
0311 0012 72 3576 143 3494 055 314
0311 0047 72 3589 143 3553 071 307
0311 0121 72 36.10 143 3651 117 305
0311 0157 72 3630 143 37.11 085 318
0311 0248 72 3657 143 3798 080 315
0311 0410 72 37.05 143 3930 085 321
0311 0532 72 3749 143 4050 0.6 320
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.nm km/r true

0311 0651 72 3795 143 4162 081 34
0311 0816 72 3833 143 4232 0.57 331
0311 0929 72 3876 143 4322 0.77 327
0311 1028 72 3908 143 4382 068 330
0311 1140 72 3932 143 4385 0.38 357
0311 1224 72 3949 143 4377 042 007
0311 1303 72 39.62 143 4356 043 025
0311 1345 72 39.75 143 4342 034 017
0311 1506 72 3989 143 4321 021 024
0311 1550 72 3998 143 4299 028 036
0311 173> 72 4000 143 4257 0.13 081
0311 1912 72 40.09 143 4218 0.17 051
0311 2203 72 40.17 143 4186 008 049
0312 0035 72 40.17 143 4223 0.08 271
0312 0203 72 40.07 143 4237 0.14 202
0312 0317 72 3996 143 4244 0.17 190
0312 0820 72 3991 143 4288 005 250
0312 1111 72 3994 143 4325 0.07 283
0312 1506 72 3998 143 4290 005 068
0312 1659 72 3989 143 4258 0.13 134
0312 1856 72 39.76 143 4229 0.14 14
0312 2142 72 3966 143 4262 0.10 221
0312 2352 72 3967 143 4310 0.12 275
0313 0114 72 3963 143 4351 0.17 252
0313 0156 72 3956 143 4390 036 239
0313 0241 72 3952 143 4431 032 250
0313 0408 72 3956 143 4541 043 277
0313 0531 72 3961 143 4656 046 277
0313 0654 72 3969 143 4798 0.58 281
0313 0801 72 39.75 143 4934 068 277
0313 0909 72 3990 143 5038 056 295
0313 1013 72 4003 143 5149 062 292
0313 1034 72 4010 143 5188 0.72 299
0313 1052 72 40.18 143 5219 0.75 312
0313 1132 72 4035 143 5255 058 328
0313 1155 72 4047 143 5284 069 322
0313 1222 72 4057 143 5328 068 308
0313 1251 72 40.70 143 5355 058 328
0313 1322 72 4084 143 5391 065 323
0313 1355 72 4101 143 5437 073 320
0313 1427 72 41.18 143 5462 063 336
0313 1458 72 4132 143 5484 055 334
0313 1525 72 4142 143 5495 046 343
0313 1552 72 4157 143 5504 0.60
0313 1619 72 41.75 143 55.17 0.78
0313 1645 72 4191 143 5494 073
0313 1712 72 4202 143 5489 049
0313 1740 72 4219 143 5486 0.68
0313 1806 72 4237 143 5478 077
0313 183 72 4254 143 5460 063
0313 1937 72 4276 143 5426 044
0313 2008 72 4290 143 5411 054
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/hr tue

0313 2058 72 43.04 143 5365 043 043
0313 2148 72 4320 143 53.07 052 048
0313 2233 72 4333 143 5266 045 042
0313 2318 72 4345 143 5211 050 054
0314 0003 72 4352 143 5156 044 065
0314 0052 72 4362 143 5071 0.61 068
0314 0119 72 4360 143 50.17 067 097
0314 0150 72 4360 143 4962 0.58 089
0314 0219 72 4355 143 49.07 066 108
0314 0249 72 4352 143 4858 055 100
0314 0315 72 4351 143 4813 058 093
0314 0417 72 4333 143 4751 046 134
0314 0520 72 4321 143 46.89 039 123
0314 0620 72 4304 143 4627 047 132
0314 0720 72 4290 143 4571 040 130
0314 0821 72 4275 143 4507 045 128
0314 0924 72 4257 143 4454 042 138
0314 1023 72 4245 143 4410 034 133
0314 1137 72 4228 143 4368 031 143
0314 1258 72 4208 143 4326 032 147
0314 1333 72 4197 143 4300 042 14
0314 1436 72 4184 143 4268 029 14
0314 1507 72 4174 143 4252 039 153
0314 1620 72 4154 143 4220 033 154
0314 1703 72 4144 143 4207 029 159
0314 1744 72 4130 143 4194 039 163
0314 1824 72 41.18 143 4183 035 165
0314 1904 72 4108 143 4166 031 152
0314 1949 72 4093 143 4156 038 168
0314 2100 72 4074 143 4138 030 163
0314 2210 72 4056 143 4140 030 181
0314 2250 72 4045 143 4148 031 192
0315 0010 72 4021 143 4136 034 171
0315 0056 72 4009 143 4134 029 176
0315 0147 72 3994 143 4133 032 179
0315 0258 72 39.71 143 4147 036 190
0315 0407 72 3950 143 4148 035 180
0315 0516 72 3929 143 4157 034 187
0315 0626 72 39.12 143 4168 027 190
0315 0737 72 3892 143 4195 033 201
0315 0841 72 3875 143 4213 031 197
0315 0935 72 3863 143 42.18 0.27 186
0315 1020 72 3853 143 4236 027 210
0315 1111 72 3840 143 4258 0.33 206
0315 1153 72 3829 143 4277 032 206
0315 1317 72 3807 143 4285 029 185
0315 1428 72 37.88 143 4291 030 185
0315 1527 72 3772 143 4293 029 182
0315 1627 72 3756 143 4292 030 178
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/hr true

0315 1657 72 3745 143 4300 044 192
0315 1736 72 3730 143 4298 043 177
0315 1819 72 37.14 143 4295 041 177
0315 1859 72 3700 143 4309 041 196
031S 1940 72 3684 143 4325 045 196
0315 2025 72 36.69 143 4337 040 192
0315 2106 72 36.58 143 4356 032 208
0315 2233 72 3637 143 4406 034 214
0315 2326 72 3621 143 4420 033 195
0316 0018 72 3608 143 4430 030 192
0316 0343 72 3580 143 4438 0.15 184
0316 0705 72 3554 143 4440 0.14 181
0316 1032 72 3527 143 4443 0.15 182
0316 1335 72 3506 143 4424 0.13 164
0316 1641 72 3487 143 4421 0.11 176
0316 1944 72 3471 143 44.14 010 172
0316 2113 72 3464 143 4377 0.17 123
0316 2237 72 3463 143 4332 0.8 096
0317 0042 72 3452 143 4309 0.01 146
0317 0238 72 3441 143 4314 0.11 187
0317 0701 72 3427 143 4294 006 156
0317 1310 72 34,15 143 4292 004 177
0317 1843 72 3406 143 4259 004 130
0317 2304 72 3407 143 4208 0.07 086
0318 0259 72 34.09 143 4156 0.07 083
0318 0420 72 34.04 143 4119 017 115
0318 1142 72 3399 143 4081 003 111
0318 1522 72 3400 143 4028 0.08 088
0318 1740 72 3396 143 39.79 0.12 104
0319 0620 72 3392 143 4028 002 256
0319 1030 72 3393 143 4082 007 271
0319 2250 72 3390 143 4107 000 --
0320 0938 72 3381 143 4069 0.02 127
0320 1347 72 3383 143 40.19 007 082
0320 1631 72 3388 143 3975 0.10

069
0320 1820 72 3397 143 3943 0.13 048
0320 1939 72 34.02 143 39.03 0.19 064
0320 2051 72 34.15 143 3850 031 050
0320 2131 72 3422 143 3800 046 065
0320 2209 72 3427 143 3750 046 073
0320 2245 72 3434 143 3705 049 060
0320 2320 72 3439 143 3662 042 071
0320 2355 72 3446 143 3622 045 060
0321 0052 72 3455 143 3564 038 061
0321 0157 72 3465 143 3501 037 060
0321 0240 72 3474 143 3469 032 050
0321 0322 72 3480 143 3439 029 054
0321 0427 72 3488 143 3413 020 04
0321 0634 72 3506 143 3376 0.19 031
0321 0746 72 35.17 143 3358 0.8 027
0321 1027 72 3528 143 3357 008 000
0321 1300 72 3523 143 3395 009 247
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Coordinated

Universal Time
Date Time
mmdd hhmm

0321
0321
0321
0321
0321
0322
0322
0322
0322
0322
0322
0322
0322
0322
0323
0323
0323
0324
0324
0324
0325
0325
0325
0326
0326
0326
0326
0327
0327
0327
0327
0328
0328
0328
0328
0329
0329
0329
0329
0330
0330
0330
0330
0330
0330
0330
0331
0331
0331
0331
0401
0401

1512
1722
1924
2050
2257
0035
0301
0440
0712
1055
1252
1512
1738
2011
0016
0246
1519
0034
1056
2312
0526
1004
2229
0353
0702
1340
2208
0106
0427
1633
2352
0310
0724
1016
1504
0341
1033
1956
2251
0157
0655
1826
1931
2040
2213
2316
0054
0228
1127
2055
0941
2226

North

West

Drift Drift

Latitude  Longitude Speed Dir
dd mm.mm ddd mm.mm km/hr true

72
72
72
72
T2
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

35.18
35.07
3496
34.83
34.70
34.56
34.38
34.29
34.14
34.00
3390
33.87
33.77
33.66
3364
33.60
33.55
33.54
33.65
33.63
33.52
33.60
33.59
33.51
3345
33.53
3351
3362
3349
33.57
33.53
3345
3348
33.44
33.34
3342
3342
3341
3349
33.46
3349
3347
33.46
3345
3345
33.46
3345
3347
3343
33.32
33.30
33.26

143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

3437
34.78
35.17
3537
35.21
35.10
35.15
3533
35.31
35.14
3499
34.56
3442
3446
34.00
3362
3345
3298
33.08
33.16
3264
3297
3289
32.61
32.29
32.58
32.11
31.79
31.73
31.70
31.29
30.86
31.29
KW
3147
31.65
32.13
32,59
33.07
3345
33.80
3430
34.70
5.1
35.75
36.34
36.88
3724
37.63
37.713
31.19
37.78

0.12
0.14
0.15
0.18
0.13
0.16
0.14
0.12
0.11
0.07
0.11
0.10
0.09
0.08
0.06
0.09
0.00
0.03
0.02
0.00
0.06
0.05
0.00
0.04
0.07
0.03
0.03
0.09
0.07
0.00
0.03
0.09
0.06
0.09
0.05
0.00
0.04
0.03
0.11
0.07
0.04
0.02
0.20
0.20
0.23
0.31
0.18
0.13
0.03
0.02
0.00
0.00

246
227
227
205
160
166
184
209
178
158
157
101
157
186
099
106
091
34
125
308
130
122
310
098
039
172

106
121

252
141

-

265
298
254
290

263

27
2713
265
280
253
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/hr true

0402 1039 72 3319 143 3766 000 --
0402 1537 72 3333 143 3762 005 005
0402 2142 72 3325 143 3788 0.04 222
0403 0945 72 3327 143 3785 000 --
0403 2223 72 3327 143 3774 000 --
0404 1124 72 3319 143 3772 000 --
0404 2022 72 3330 143 3790 003 334
0404 2250 72 3334 143 3848 0.13 282
0405 0120 72 3340 143 3902 0.13 290
0405 0333 72 3346 143 3947 0.12 291
0405 0545 72 3350 143 3986 O0.11 289
0405 0811 72 33.55 143 4028 0.10 290
0405 1248 72 33.58 143 4064 0.04 287
0406 0106 72 33.52 143 4050 000 --
0406 0314 72 3342 143 4073 0.10 214
0406 1531 72 3342 143 4054 000 ---
0407 0427 72 3337 143 4048 000 --
0407 1656 72 3331 143 4049 000 --—
0408 0531 72 3335 143 4063 000 --
0408 1738 72 3335 143 4041 000 -
0408 2055 72 3338 143 4084 007 282
0409 0922 72 3341 143 4056 0.00 -~
0409 2159 72 3338 143 4059 000 --
0410 1050 72 3331 143 4066 000 --
0410 1448 72 3342 143 4060 005 010
0411 0253 72 3332 143 40.70 002 196
0411 1541 72 3329 143 4069 000 ---
0412 0358 72 3327 143 4060 000 -
0412 1600 72 3326 143 4058 000 -
0413 0436 72 3336 143 4087 002 318
0413 0832 72 3340 143 4127 006 288
0413 0918 72 3344 143 4161 027 292
0413 1001 72 3350 143 4216 046 290
0413 1047 72 3361 143 4305 0.70 291
0413 1126 72 3372 143 4401 087 290
0413 1209 72 3386 143 4498 084 296
0413 1254 72 3402 143 4609 090 295
0413 1339 72 34.19 143 4722 093 2%
0413 1425 72 3432 143 4835 090 291
0413 1510 72 3445 143 4946 087 291
0413 1627 72 3473 143 5128 0.88 297
0413 1757 72 3507 143 S3.71 099 295
0413 1927 72 3547 143 5598 097 300
0413 2058 72 3586 143 5834 100 299
0413 2229 72 3635 14 073 105 304
0413 2359 72 3682 144 295 100 304
0414 0104 72 37.19 144 454 103 307
0414 0217 72 3761 144 602 094 313
0414 0332 72 3800 14 760 090 309
0414 0445 72 3838 144 889 082 3M
0414 0553 72 3871 144 10.14 083 311
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Coordinated

Universal Time

Date
mmdd

0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0414
0415
0415
0415
0415
0415
0415
0415
0415
0415
0415
0415
0415
0415
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416
0416

Time
hhmm

0706
0827
0926
1019
1114
1214
1327
1426
1523
1627
1740
1847
1930
2020
2111
2222
2325
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Drift Drift
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dd mm.mm ddd mm.mm km/hr true
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Coordinated

Unjversal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/r true

0416 1732 72 4594 144 4306 081 298
0416 1832 72 46.19 144 4427 081 305
0416 1929 72 4651 144 4548 092 311
0416 2018 72 46.79 144 4626 082 320
0416 2102 72 47.08 144 4698 093 324
0416 2144 72 4735 144 4742 0.78 333
0416 2225 72 4761 144 4770 073 342
0416 2308 72 4790 144 4797 077 344
0416 2354 72 48.16 144 4815 067 348
0417 0036 72 4842 144 4841 0.70 343
0417 0121 72 4867 144 4841 062 359
0417 0205 72 4888 144 4845 053 357
0417 0243 72 49.06 144 4844 051 000
0417 0320 72 49.17 144 4852 036 349
0417 0357 72 4928 144 4860 033 347
0417 0442 72 4939 144 4860 0.27 000
0417 0633 72 4954 144 49.15 022 313
0417 0744 72 49.65 144 4951 024 316
0417 0856 72 49.76 144 4975 020 327
0417 1005 72 4988 144 4999 022 328
0417 1108 72 4996 144 5036 024 306
0417 1251 72 50.13 144 5063 020 334
0417 1459 72 5023 144 51.02 0.13 310
0417 1630 72 50.19 144 51.54 019 256
0417 1810 72 50.13 144 5209 0.9 249
0417 1851 72 50.10 144 5258 0.40 257
0417 1927 72 5008 144 53.00 040 260
0417 2032 72 50.11 144 5336 0.19 288
0417 2104 72 5013 144 5374 040 279
0417 2213 72 50.17 144 5434 029 282
0417 2326 72 5027 144 5501 034 296
0418 0010 72 50.34 144 5543 036 298
0418 0159 72 5041 144 5593 0.17 295
0418 0353 72 5039 144 5639 0.13 264
0418 0748 72 5035 144 5684 0.07 251
0418 0924 72 5035 144 5746 021 271
0418 1055 72 5042 144 5787 0.17 301
0418 1142 72 5052 144 5808 0.27 327
0418 1439 72 5062 144 5853 0.10 307
0418 1717 72 5063 144 5903 011 273
0418 1951 72 5059 144 59.73 0.15 258
0418 2127 72 5058 145 033 020 267
0418 2222 72 5062 145 085 032 28
0418 2330 72 5068 145 155 035 286
0419 0052 72 5075 145 230 032 288
0419 0245 72 S082 145 376 043 279
0419 0434 72 S090 145 534 048 279
0419 0622 72 5099 145 693 049 280
0419 0809 72 5108 145 874 056 279
0419 0948 72 S51.11 145 1063 063 273
0419 1110 72 S114 145 1237 069 273
0419 1204 72 5119 145 1353 0.1 277
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Coordinated

Universal Time  North West Drift Drift
Date Time  Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/r true

0419 1250 72 5122 145 1456 0.74 275
0419 1354 72 5126 145 1594 071 275
0419 1444 72 5130 145 1695 067 277
0419 1531 72 5137 145 17.77 060 286
0419 1621 72 5142 145 1874 064 280
0419 1710 72 5149 145 1967 064 284
0419 1803 72 5156 145 2066 063 283
0419 1838 72 S51.64 145 2132 067 291
0419 1912 72 5168 145 2212 0.77 219
0419 1944 72 5175 145 2274 067 290
0419 2012 72 5182 145 2325 067 295
0419 2051 72 5189 145 2393 061 289
0419 2138 72 5201 145 2464 057 299
0419 2225 72 5212 145 2524 048 302
0419 2316 72 5226 145 2572 044 315
0420 0006 72 5237 145 2626 044 304
0420 0118 72 5252 145 2666 030 322
0420 0219 72 5266 145 26.77 026 347
0420 0417 72 5286 145 2650 020 022
0420 0528 72 5295 145 2621 0.19 044
0420 0638 72 53.03 145 2593 019 044
0420 0835 72 53.14 145 2576 0.11 025
0420 1123 72 5326 145 2593 0.09 338
0420 1259 72 5336 145 26.18 0.14 322
0420 1444 72 5345 145 2648 0.3 31§
0420 1641 72 5354 145 2674 011 319
0420 1817 72 5362 145 27.06 0.14 310
0420 2043 72 S53.73 145 2833 030 286
0420 2235 72 5382 145 2940 033 286
0421 0025 72 5391 145 3051 034 284
0421 0224 72 5398 145 31.67 033 281
0421 0424 72 5404 145 3296 035 278
0421 0631 72 54.11 145 3423 033 280
0421 0714 72 5409 145 3466 032 262
0421 0852 72 54.07 145 3553 029 265
0421 1007 72 5402 145 3598 021 250
0421 1126 72 5401 145 3655 024 266
0421 1208 72 5398 145 3690 0.29 250
0421 1344 72 5395 145 3763 025 263
0421 1440 72 5387 145 38.14 035 239
0421 1543 72 53.75 145 3867 034 233
0421 1641 72 5364 145 3920 036 236
0421 1747 72 5354 145 3975 033 236
0421 1846 72 5344 145 4023 032 235
0421 1939 72 5333 145 4080 042 235
0421 2041 72 5323 145 4136 035 238
0421 2132 72 53.11 145 4181 038 228
0421 2224 72 53.13 145 4242 039 275
0421 2305 72 53.16 145 4292 041 283
0421 2347 72 53.03 145 4350 056 232
0422 0029 72 5291 145 4382 040 218
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/r tue

0422 0057 72 5285 145 4414 046 234
0422 0150 72 5263 145 4455 053 208
0422 0224 72 5242 145 4477 0.70 197
0422 0301 72 5234 145 4511 038 231
0422 0343 72 5225 145 4551 039 233
0422 0422 72 5215 145 4584 041 223
0422 0505 72 5200 145 46.14 045 210
0422 0548 72 5186 145 4646 044 214
0422 0627 72 51.71 145 46.72 047 207
0422 0707 72 5160 145 4695 037 210
0422 0832 72 5141 145 4731 029 208
0422 0918 72 5129 145 4763 037 218
0422 1006 72 5120 145 4791 027 225
0422 1058 72 51.10 145 4813 026 213
0422 1159 72 5096 145 4835 028 204
0422 1252 72 5082 145 4856 032 203
0422 1341 72 50.70 145 4867 028 194
0422 1511 72 50.53 145 48.79 021 192
0422 1620 72 5041 145 4884 020 186
0422 1732 72 5026 145 4896 023 193
0422 1845 72 50.10 145 4888 025 172
0422 1944 72 4995 145 49.09 031 202
0422 2050 72 4986 145 4940 022 223
0422 2153 72 4973 145 4965 025 210
0422 2302 72 4962 145 4987 021 210
0423 0020 72 4952 145 5027 023 228
0423 0150 72 4937 145 5077 026 24
0423 0304 72 4928 145 51.04 017 223
0423 0520 72 49.13 145 5145 016 217
0423 0720 72 4898 145 5186 0.17 219
0423 0856 72 4891 145 S2.18 0.14 232
0423 1707 72 4881 145 5189 003 136
0423 2321 72 4868 145 S51.71 004 158
0424 0726 72 4863 145 5137 003 119
0424 1157 72 4852 145 5125 0.05 162
0424 1529 72 4846 145 5193 0.11 254
0424 1727 72 4847 145 5244 0.14 273
0424 1915 72 4844 145 5303 0.19 257
0424 2003 72 4841 145 5343 028 256
0424 2143 72 4842 145 5408 022 275
0424 2224 72 4844 145 5451 035 278
0424 2310 72 4851 145 5499 038 294
0424 2351 72 4855 145 5541 036 290
0425 0028 72 4859 145 5595 048 281
0425 0105 72 4864 145 5637 041 295
0425 0146 72 4869 145 5687 042 288
0425 0233 72 4876 145 5747 045 291
0425 0318 72 4880 145 5805 044 282
0425 0407 72 4885 145 5871 045 283
0425 0457 72 4894 145 59.19 038 302
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Coordinated

Universal Time  North West Drift Drift
Date Time Latitude Longitude Speed Dir
mmdd hhmm dd mm.mm ddd mm.mm km/r true

0425 0542 72 4898 145 59.72 040 285
0425 0626 72 49.04 146 029 045 291
0425 0708 72 4909 146 071 036 288
0425 0745 72 49.15 146 115 04 297
0425 0824 72 4921 146 168 047 291
0425 0904 72 4926 146 226 048 284
0425 0950 72 4929 146 297 052 278
0425 1034 72 4933 146 363 050 281
0425 1115 72 4936 146 431 055 277
0425 1202 72 4934 146 512 057 266
0425 1237 72 4936 146 574 058 274
0425 1321 72 4939 146 646 054 278
0425 1407 72 4943 146 729 060 280
0425 1507 72 4945 146 832 057 274
0425 1605 72 4946 146 939 061 271
0425 1700 72 4953 146 1038 060 282
0425 1800 72 49.55 146 1148 060 274
0425 1850 72 49.58 146 1248 067 276
0425 1933 72 4961 146 13.26 061 275
0425 2008 72 4964 146 1408 0.76 277
0425 2047 72 4968 146 1490 071 280
0425 2120 72 49.73 146 1565 0.77 282
0425 2156 72 4981 146 1627 062 293
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APPENDIX B

Comparison of NAVSAT and GPS Fixes at Various Time Periods

Times are given in UTC. To obtain local time, subtract 9 hours for days up to and
including 2 April, and 8 hours afterward. For GPS, the geometrical dilution of precision
(GDOP) is a measure of the accuracy.
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APPENDIX C

CTD Profiles at APLIS 88

All times are local.

S = salinity
T = temperature
V = sound speed
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APPENDIX D

Sound Speed Profiles Computed from CTD Casts




03-15-88 1705

CAST #1

d(m) sv(m/s)
3.81 1436.41
10.97 1436.50
18.88 1436.64
2690 1436.88
32.57 1437.03
33.35 1437.21
34.50 1437.28
38.62 1437.40
40.54 1437.43
42.08 1437.71
4336 1437.86
44.52  1438.39
45.28 1439.20
46.31 1439.50
4746 1439.57
49.50 1439.66
57.41 1440.12
65.29 1440.39
73.40 144048
81.09 1440.56
88.64 1440.76
96.16  1440.89
102.53  1441.13
110.25 1441.23
117.82 1441.36
125.36  1441.48
133.00 1441.61
140.86 1441.78
148.44 144196
156.00 1442.16
163.53 1442.42
171.40 1442.71
179.24 1443.04
186.93  1443.39
194.36 144393
202.35 1444.68
210.08 1445.41
217.54 1446.21
225.09 1447.12
232.38 144796
239.88 1448.56
247.36 144947
254.69 1450.12
262.22  1450.81
269.50 1451.40
277.22  1451.88
28490 1452.34
291.99 1452.77

03-16-88 1950

CAST #2
d(m)  sv(m/s)
4.07 1436.25

12.66 1436.40
21.73  1436.64
31.03 1436.83
40.41 1437.07
42,72 1437.26
4.13 143742
45.54 1437.99
46.44 1438.599
4746 1439.20
48.35 1439.33
49.63 1439.52
51.80 1439.70
57.54 1439.99
66.56 1440.25
75.55 1440.44
84.37 1440.59
93.03  1440.87
102.03  1441.03
111,12 1441.20
119.92 1441.33
128.57 1441.44
137.30 1441.62
145.88  1441.80
154.66 1442.11
162.93  1442.21
171.40 1442.51
179.72  1443.02
188.01 1443.59
196.03 1443.99
204.25 1445.05
212.80 1445.89
221.08 1446.82
229.56 1447.60
23789 144843
246.07 144941
25446 1450.24
262.46 1450.88
270.43  1451.49
278.48 1451.98
286.85 1452.54
295.18  1453.1)

03-17-88 1950

CAST #3
d(m)  sv(m/s)
3.68 1436.36
8.89 1436.43

17.46  1436.61
2432 1436.86
31.80 1437.13
3553 1437.44
39.13  1438.92
4029 1439.24
4426 1439.54
5142  1440.04
63.77 1440.28
78.32  1440.53
97.66 1440.98

110.50  1441.26

131.77  1441.80

152.10  1441.94

172.13  1442.41

189.09 1443.22

202.35  1444.43

217.30  1445.96

230.39  1447.53

24374  1449.03

252.711  1450.02

265.69  1451.08

27722  1451.89

289.13  1452.66

206.89  1453.04

03-18-88 0630
CAST #4
d(m) sv(m/s)
13.31  1436.50
18.37 1436.61
23.80 1436.80
29.61 1436.98
31.54 1437.20
32.32  1437.33
34.12  1437.42
36.05 1438.07
3746 1438.68
39.39 143941
40.54 1439.60
46.18  1439.87
51.93 1440.03
56.78 1440.15
65.29 1440.32
71.63 1440.44
76.05 1440.52
81.35 1440.63
88.26 1440.76
96.16  1440.98
102.78 1441.09
109.75  1441.31
116.21 1441.52
122.64 1441.69
131.52 1441.90
137.92  1441.96
147.59 1442.06
154.54 1442.00
160.86 1442.12
167.05  1442.27
173.46 1442.57
179.84 1442.85
185.97 1443.26
191.01 1443.58
19543  1443.88
202.71 144462
20996 1445.20
217.30  1446.08
224,50 1446.68
231.21 144761
238.25 1448.34
245.26  1449.25
252.13 144995
265.23  1451.01
272.04 1451.58
278.71 145197
285.47 1452.39
29199 1452.74

TR 8822 D-1




03-18-88 1845
CAST #5
d(m)  sv(m/s)

537 1436.38
14.09 1436.56
23.67 1436.79
30.51 1437.00
3296 143729
34.38 1437.76
3528 1438.16
3630 1438.62
37.72  1439.08
39.13  1439.38
40.54 1439.60
4298 1439.72
4772 1439.95
57.29  1440.19
66.69  1440.35
75.67 1440.54
85.00 1440.73
94.41 144097
103.78  1441.20
11286 1441.46

12141 144170
130.17 144192
139.14 1442.14
147.59 1442.26
15625 1442.38
164.50 144222
17273 144246
181.05 144282
189.21 144342
197.46 1444.08
205.56 1444.86
213.87 1445.67
222.14  1446.70
230.39 1447.41
23848 144832
246.54 144928
254.46 1450.12
262.69 1450.88
271.00 1451.49
279.17  1452.03
286.73  1452.51
294.15  1453.04
D-2 TR 8822

03-19-88 1010

CAST #6
d(m)  sv(m/s)
4.07 1436.74
8.76 1436.55

17.85 1436.64
25.35 1436.79
3129  1437.03
3438 1438.13
36.82 1439.23
40.16 1439.81
42.72  1439.89
47.59 1440.03
57.03 1440.18
66.56  1440.38
76.18  1440.58
85.50 1440.79
9478 1441.04
103.78  1441.27
112.73  1441.53
126.47 1441.87
140.00 1442.18
153.57 1442.42
166.93 144254
175.87 1442.52
185.13 144296
198.54 1444 .02
200.25 1445.07
221.67 144649
234.14 1447.59
247.01 1449.35
259.33  1450.46
271.23 145142
283.07 1452.19
298.71 1453.22

03-20-88 0750

CAST #7
d(m) sv(m/s)
67 1436.39
10.06 1436.49
18.88  1436.67
2341 1436.76
27.68 1436.88
31.03 1437.07
33.09 1437.62
34.38 1438.84
36.56 1439.44
38.87 1439.63
43.23 143998
5193 1440.06
61.23 1440.26
70.11 144044
79.08 1440.61
87.76  1440.80
96.28 144101
106.02 144132
119.80 1441.68
128.69 1441.86
140.00 144214
149.05 1442.30
159.65 1442.34
169.59 144227
180.57 1442.63
189.09  1443.18
198.42  1444.05
21079 144498
221.32 1446.33
233.56 1447.70
243.16  1448.59
254.34 144990
266.50 1451.12
278.71 145196
287.30 1452.47
299.16 1453.24

03-21-88 0620
CAST#8

d(m) sv(m/s)
1.85 1435.72
7.59 1435.77
1448 143590
21.21  1436.04
28.71  1436.23
30.38 1436.50
32,19 1436.92
3399 1438.10
35.53 1438.90
3733 1439.36
39.26 1439.62
41.06 1439.72
4285 1439.83
46.31 1439.98
53.33  1440.09
60.34  1440.25
67.58 1440.38
7479 1440.52
81.85 1440.67
88.89 1440.85
95.91 1441.05
104.15  1441.27
112,73  1441.52
121.16 1441.73
129.43 1441.94
137.67 1442.08
146.12 144227
154.66 1442.40
16293 144249
171.52 1442.38
180.20 144254
186.57 144292
18741 1443.03
188.25 1443.2§
189.57 1443.50
19041 1443.07
192.68 1443.31
196.75 1443.72




03-22-88 0620
CAST #9

d(m)  sv(m/s)
146 1436.40
876 1436.48
16.81 1436.64
2522 1436.84
2935 1436.94
33.09 143731
33.86 1437.90
34.76  1438.30
35.53 1438.64
36.43 1438.93
3733 1439.29
3862 1439.48
39.77  1439.58
4195 1439.74
46.18 143991
50.40 1440.13
58.69 1440.19
66.94 1440.35
75.42  1440.53
83.74 1440.69
91.65 1440.90
98.53 1441.01
106.52 1441.28
11397 144147
12141 1441.58
128.57 1441.73
136.20 144194
143.80 1441.9
151.37 144196
159.04 144203
166.68 144224
17442 1442.52
182.13  1442.88
189.69 1443.23
19472 1443.61
201.87 1444.36
210.55 144530
218.84 144590
226.51 1447.01
234.14 144779
24199 144849
250.04  1449.66
257.82 1450.22
265.58 1451.02
273.54 1451.59
281.58 1452.20
28890 145262
295.18 1453.02

03-23-88 1240

CAST#10

d(m)  sv(m/s)
1.59 1436.27
537 1436.32
12.01 1436.43
19.01  1436.59
2639 1436.84
28.32 1436.98
30.13 1437.11
3193 1437.64
33.73  1438.10
36.05 1438.21
3746 1438.31
39.26 1438.96
4118 1439.52
4298 1439.65
45.16  1439.73
48.74 1439.88
56.14  1440.09
63.39  1440.27
70.714  1440.42
78.07  1440.57
85.37  1440.66
92.53  1440.80
98.41 1440.98
10440 1441.09
111.49  1441.29
118.56 1441.44
125.61  1441.56
13239 1441.65
139.26  1441.84
146.00 144191
152.71  1441.97
159.16  1442.08
16547 144221
171.76  1442.43
178.04 144274
184.53  1443.01
190.53  1443.34
196.98 1443.89
204.02  1444.55
211.50  1445.19
218.37 1446.02
225.09 1447.00
231.80 1447.86
238.36 144842
24491  1449.13
251.67 144971
258.17  1450.32
264.54 1450.84
271.00 145142
277.56  1451.94
284.10 145235
289.93 1452.72

03-24-88 0610
CAST #11

d(m)  sv(m/s)
198  1436.27
6.02 1436.30
12.66 1436.42
18.88 1436.60
25.22 1436.75
31.93 1436.92
33.86 1437.07
35.53 1437.86
38.75 1438.66
4285 1439.54
46.44 1439.75
52.95 1440.05
59.19  1440.23
68.97 1440.44
78.83  1440.53
89.80 1440.74
99.03  1440.93
109.38  1441.15
119.55 1441.39
129.55 1441.54
130.76  1441.70
149.79 144190
159.53  1442.17
170.19  1442.39
179.84  1442.81
189.45 144342
199.73  1444.23
209.36  1445.00
218.84 1446.28
228.27  1447.22
239.65 1448.61
25097 1449.73
258.40 145042
269.62 1451.25
280.77 1452.00
20141 145282
296.66 1453.15

03-25-88 0610
CAST#12
d(m) sv(m/s)
1.07 1436.31
8.37 1436.38
1499 1436.52
22.51 1436.69
30.38  1436.96
34.38 1437.20
36.30 1437.73
38.36 1438.44
39.52 1438.82
40.67 1438.78
4234 1438.98
4426 1439.49
46.18 1439.74
48.74  1439.83
52.70  1440.12
56.39  1440.13
64.28 1440.28
72.51  1440.42
80.59  1440.56
88.26 1440.73
96.16  1440.85
10490 1441.02
11298 1441.12
120.79 1441.28
128.57 1441.52
136.32 1441.66
143.80 1441.81
151.86 144197
159.41 1442.13
167.17 144234
175.02 1442.57
182.85 1442.89
191.01 144351
197.22  1443.96
206.87 144484
215.53 144591
223.80 1446.9%4
231.68 1447.77
239.77 1448.53
248.06  1449.33
256.08 1450.18
263.84 145095
27146 1451.54
279.28 1451.97
286.73 145247
294,27 145294
TR 8822 D-3




03-26-88 0620

CAST#13

d(m)  sv(m/s)
1.85 1436.41
837 1436.40
1733 1436.57
26.00 1436.80
34.76 143734
3797 1437.98
38.75 1438.50
39.52 1438.86
4041 1439.01
4131 1439.12
4221 1439.22
43.11 143933
4439 1439.58
45.16 1439.70
46.05 1439.77
4772 1439.63
4989 1439.80
5423  1439.99
63.13  1440.23
71.75  1440.42
80.21 1440.56
88.26 1440.74
96.16  1440.90
106.14  1441.11
11571 144127
12487 144141
13362  1441.56
14233 144174
151.01 144191
159.29  1442.09
167.77 144230
176.23  1442.69
18489  1443.07
193.76 1443.67
206.28 1444.79
21482 1445.73
22344 1446.66
23191 1447.65
24047 1448.62
249.45 1449.55
25829 1450.38
26685 1451.12
275.26 1451.7¢6
283.30 145230
29153 145286
29939 1453.31

D-4 TR 8822

03-27-88 1240

CAST #15
d(m) sv(m/s)
81 1436.30
6.28 1436.25
10.58 1436.32
1694 1436.42
21.60 1436.51
2587 1436.74
30.51 1437.04
33.09 1437.14
34.12 143735
3553 143771
36.69 1438.06
3785 1438.71
39.77 1438.99
4195 143931
4311 143943
45.67 1439.63
5091 1439.86
56.01 1440.05
60.97 1440.20
6631 1440.32
71.50  1440.39
7706 1440.52
82.23  1440.6}
87.51 1440.68
9278 1440.79
9791 1440.92
103.28 1441.03
108.76 1441.10
11497 1441.22
121.28 144139
127.09 1441.50
133.00 1441.62
13890 1441.76
14478 1441.86
150.76 144197
156.85 1442.11
163.05 144231
169.59 144247
176.47 144284
183.09  1443.20
189.09 1443.67
193.88 144395
200.56 1444.50
20699 1345.06
21340 144582
219.55 1446.43
22580 1447.16
23180 144771
23789 1448.50
24409 1449.17
250.50 1449.84
256.78 1450.51
263.03 145091
269.62 145145
276.18 145194
282.49  1452.30
289.02 145271
294.72 145308

03-28-88 0620

CAST #1¢6

d(m) sv(m/s)
2.11  1436.21
537 1436.23
13.05 1436.36
20.57 143649
27.68 1436.65
29.87 1436.71
32,06 1436.77
3412 143696
36.05 1437.38
38.36 1438.07
40.29 1438.86
4247 1439.10
44.39 1439.25
47,08 1439.48
49.12  1439.68
51,17 1439.81
§4.35 1440.06
56.39 1440.16
§9.45 1440.16
65.55 1440.29
7390 144046
82.10 1440.65
89.77 1330.76
9791  1440.96
104.03  1441.09
111.62 1441.26
119,18 1441.28
126.84 144147
13435  1441.63
142.21 1441.79
150.27 144199
158.31  1442.22
166.20 144246
17430 144275
182.13 1443.15
189.93  1443.67
197.58 1444.23
20449 1444.78
21280 1445.61
221.20 1446.68
22933  1447.44
237.43 1448.36
245.72 1449.28
25387 1450.05
262.11  1450.79
270.19 145145
278.48 1452.10
286.73 145258
294.72 1453.04

03-29-88 0625

CAST#17
d(m) sv(m/s)
1.33 1436.21
8.50 1436.28

15.77 1436.40
23.54 1436.56
32.06 1436.77
34.12 1436.96
36.05 1437.38
3836 1438.07
40.29 1438.86
4247 1439.10
4439 1439.25
48.23 1439.61
53.21 1439.96
61.23 1440.23
69.48 1440.33
77.69 1440.56
85.62 1440.74
9340 143085
99.16 1440.99
106.39 1441.13
114.72  1441.23
12190 1441.32
129.31 1441.51
137.18 1441.67
14490 1441.84
153.08 1442.06
161.11 1442.30
168.98 1442.56
17707 144288
184.77 1443.2%
192.68 1443.77
198.06 144425
204.97 1444.79
213.28 1445.68
221.55 1446.72
229.68 1447.50
237.89 1448.44
246.19 144932
25434 1450.08
262.46 1450.83
270.66 1451.47
27894 1452.14
28707 1452.60
295.82 1453.06




03-30-88 1150

CAST #19

d(m) sv(m/s)
1.98 1436.28
824 1436.32
13.83 1436.43
20.31 1436.57
2535  1436.66
3141 1437.04
32.83 1437.68
35.28 143798
39.13 143891
40.54 1439.19
4195 1439.31
4298 143941
45.67 1439.71
48.35 1439.81
52.82  1440.02
58.05 1440.1C
70.36  1440.39
71.63 1440.43
76.68 1440.51
80.21 1440.59
81.60 1440.62
99.03 1441.09
107.64 1441.30
11745 1441.58
126.97 1441.81
136.56 1441.99
145.76  1441.89
155.15 1442.04
164.02 1442.14
172.97 1442 48
182.01 1442.77
190.89 144337
197.46 1444.07
206.51 1444.58
215.53 1445.71
22486 1446.72
234.14 1447 .82
24339  1448.99
25236  1449.85
261.30 1450.64
269.85 1451.41
278.59 1452.01
287.07 1452.64
295.63 1453.12

03-31-88 0615

CAST #20

d(m)  sv(m/s)
1.98  1436.27
9.02 1436.36
16.29  1436.63
23.93  1436.77
31.67 1436.99
39.64 143745
40.93  1437.99
4157 1438.85
4285 1439.12
44.00 1439.36
4477  1439.47
46.69  1439.68
48.74  1439.81
52.57  1439.90
60.72  1440.26
68.72  1440.35
77.06  1440.50
85.25  1440.67
93.15  1440.86
98.91 1441.04
105.15 144122
121.16 144171
141.72 144203
155.39 144216
163.02  1442.20
174.30  1442.50
182.13 1443.00
187.17  1443.26
196.27  1443.8"
206.04  1444.71
216.95  1446.03
227.56  1447.06
23590  1448.07
247.82 144949
258.40  1450.50
267.43  1451.28
279.05  1452.05
287.42  1452.56

04-01-88 0625
CAST #21

d(m)  sv(m/s)
1.33  1436.37
6.93  1436.38
1525  1436.67
2406 1436.84
2832 1436.91
33.09 1437.05
34.63 1437.16
35.53  1437.25
38.10  1437.51
39.39  1438.12
40.16  1438.64
41.06 1438.88
42,59  1439.30
4477 1439.52
47.08  1439.70
51.80 1439.97
56.52  1440.14
66.05  1440.33
76.05  1440.49
85.50  1440.70
93.03  1440.84
98.91  1440.97
10826  1441.25
11621 144136
124.00 144148
132,14 1441.58
140.37  1441.70
148.57 1441.83
156.73  1442.06
165.11  1442.25
173.58 1442.59
182,25 1442.83
190.05  1443.38
197.58 144422
206.63  1445.12
215.05 144580
22415 1446.84
23332 144796
242,57 1449.09
251.78  1449.89
260.83  1450.77
269.50 145144
278.02 1452.01
286.04  1452.53
290.16  1452.76

04-02-88 0625
CAST #22
d(m)  sv(mfs)

9.28  1436.49
13.18  1436.53
1798  1436.67
23.28 1436.79
2897 1436.93
35.02 1437.19
37.85 1437.28
39.52 1437.54
4093 1437.86
41.82 1438.66
4272 1438.90
4388  1439.08
4490  1439.24
46.44  1439.24
49.50 1439.69
54.10 1439.95
60.72  1440.18
67.07 1440.27
73.40 144044
79.46  1440.61
85.88  1440.64
92.28  1440.77
98.66  1440.93

102.53  1441.00
110.50  1441.15
118.69 1441.32
126.84  1441.49
135.21  1441.69
143.68 144177
15223  1441.97
160.74  1442.19
169.35  1442.55
178.28 144293
186.81  1443.38
194.12 144393
198.66 1444.31
201.87 1444.74
206.51  1445.28
215.76  1446.18
224.62 1447.34
233.67 144827
243.62  1449.19
252.48  1450.15
261.53  1450.88
270.54  1451.52
279.51  1452.26
288.33  1452.78
TR 8822 D-5




04-03-88 1330
CAST #23

d(m) sv(m/s)
1.59 1436.33
6.80 1436.46
13.44 1436.62
19.66 1436.78
2742 1436.97
35.92 1437.13
4.00 1437.26
46.18 1437.58
4835 1438.30
5040 1439.22
5244 1439.69
5461 1439.87
56.78 143993
60.97 1440.17
69.35 1440.30
77.82  1440.51
86.13  1440.66
94.28  1440.73
98.28  1440.81
108.14 1441.13
117.32 1441.26
126.47 1441.38
135.70 1441.62
145.02 1441.87
154.18  1442.03
163.17 1442.28
172.37  1442.58
18141 1443.03
190.05 1443.90
198.30 1444.36
207.46 1445.29
216.47 1446.35
225.56 1447.17
234.50 1448.15
243.51 1449.10
252.48 1450.07
261.41 1450.81
270.43 145147
279.74 1452.07
289.02 1452.75
297.57 1453.29

D-6 TR 8822

04-04-88 (1900
CAST #24

d(m)  sv(m/s)
8.76 1436.55
1486 1436.72
19.66 1436.83
24.84 1436.92
30.51 1437.03
36.18  1437.13
4234 143725
47.84 143753
4976  1437.90
50.65 1438.59
51.80 1439.02
52.70  1439.32
5435 1439.63
55.88  1439.84
57.54 1439.96
59.07 1440.03
6237 144014
68.72  1440.32
75.04  1440.50
81.60 1440.54
87.89  1440.67
94,78  1440.83
9928  1440.94
109.01  1441.13
117.69  1441.35
126.47  1441.51
135.58  1441.67
14441  1441.83
152.84 1441.97
161.23 144230
169.47  1442.51
177.92  1442.89
186.69  1443.51
195.19  1444.12
208.18  1445.38
217.66  1446.29
22721  1447.39
236.72  1448.38
246.31  1449.50
255.97  1450.41
265.46  1451.13
275.15  1451.87
284.79  1452.48
294.15  1453.03

04-04-88 1020
CAST #25

d(m)  sv(m/s)
4.07 143643
928 1436.57
15.51 1436.77
22,12 1436.88
28.84 1436.99
36.18 1437.14
4323  14371.27
4746 1437.38
49,50 1437.93
50.27 1438.75
51.04 1439.10
52,70 1439.41
5448 1439.73
56.14  1439.87
57.92  1439.99
61.48  1440.12
64.91 144025
7226 144045
79.46  1440.52
86.63  1440.65
93.91  1440.78
99.53  1440.92
109.13  1441.15
118.19 144137
127.34  1441.53
136.69  1441.71
14624  1441.90
155.76  1442.06
165.23  1442.45
175.02  1442.75
185.01 1443.31
19472 1444.10
207.46 144534
215.88  1446.05
22462 1447.16
233.56 1448.04
242.69  1449.07
252.01  1450.05
261.30  1450.78
270.43  1451.52
279.86  1452.20
280.02  1452.76
298.36  1453.38

04-05-88 0630
CAST #26

d(m)  sv(m/s)
2.76  1436.51
7.06 1436.45
12.53 1436.63
18.24  1436.80
24.58 1436.94
30.64 1437.05
37.08 1437.15
42.85 1437.25
4746 143745
48.74  1438.14
49.50 143842
50.53 1439.09
51.80 1439.33
§2.70 143943
54.10 1439.61
55.25 1439.80
56.65 1439.88
57.79 1439.96
59.45 1440.06
62.63 1440.17
65.55 1440.25
69.48  1440.35
75.80  1440.47
82.23 1440.61
88.39  1440.70
64,78  1440.88
99.41  1440.98
112,11 1441.19
121,41  1441.29
130.66 1441.48
140.12  1441.68
149.66  1441.97
159.29 1442.15
168.86  1442.55
178.40 1443.04
188.01  1443.51
197.22 144425
210.08 1445.63
220.85 1446.90
231.68 1447.96
242.57 1449.11
253.29  1450.22
264.19  1451.09
27492 145185
285.36 1452.55
29575 1453.16




04-06-88 0930
CAST #28

d(m)  sv(m/s)
524 1436.55
941 1436.61
18.24 1436.81
2768 1437.02
37.08 1437.26
46.05 1437.36
48.35 143744
50.53 1437.59
52.82 1439.19
54.86 1439.55
57.16 1439.78
61.36 1440.06
65.93  1440.26
70.49  1440.35
79.46  1440.51
88.26 1440.62
99.41 1440.97
110.37  1441.15
119.68 1441.26
128.44 144145
139.51 1441.74
148.44  1441.94
159.29 144224
170.07 1442.59
181.05 1443.07
189.81 1443.69
200.44 1444 .81
209.25 1445.50
218.13 1446.29
228.74 1447.55
23942 1448.77
250.04  1449.93
261.07 1450.85
271.69 1451.68
28227 1452.32
29221 145296
300.18 1453.46

04-07-88 0620
CAST #29

d(m)  sv(m/s)
9.41 1436.63
19.92  1436.85
29.48 1437.05
40.80 1437.31
42.21 1437.32
46.05 1438.16
48.10 143791
52.06 1439.24
56.90 1439.72
60.34 1439.98
68.84 1440.32
79.08 1440.53
89.39  1440.73
99.66  1440.83
109.88 1441.05
120.79  1441.29
131.65 1441.51
142.57 1441.78
153.44 1442.00
164.02 1442 41
174.54 1442 86
185.13  1443.39
195.55 144425
20889 144541
219.55  1446.49
230.27 1447.71
240.59 1448.85
250.97  1449.97
261.30  1450.88
271.69  1451.65
282.15 1452.34
292.44 1452.99
299.61  1453.39

04-08-88 0620
CAST #30

d(m)  sv(m/s)
394  1436.63
8.63 1436.62
13.05 1436.69
19.79 1436.91
31.03  1437.16
38.49 143735
45.80 1438.32
48.35 1438.59
49.63 1438.10
52.57 1439.28
5729 1439.72
64.79  1440.12
69.98  1440.32
7769  1440.51
8575  1440.60
93.40  1440.73
99.78  1440.83
11012 1441.04
119.68  1441.24
129.68  1441.46
139.76  1441.64
150.03 144191
160.01  1442.16
169.71  1442.50
180.08  1443.09
190.65 1443.78
201,28  1444.59
211.14  1445.58
220.61 1446.58
229.80  1447.66
241,17  1448.87
250.50 144991
260.26  1450.69
269.62 145149
279.51 1452.09
289.02 1452.67
30041 1453.36

04-09-88 0625
CAST #31
d(m)  sv(m/s)
13.57 1436.84
19.79  1436.98
28.84 1437.14
38.62 1437.34
48.35 143749
55.76  14371.73
58.81 1438.19
60.34 1438.62
62.63 1439.83
68.72 1440.17
74.41 144042
80.34  1440.55
86.00 1440.70
92.03  1440.76
99.78  1440.87
109.38  1441.03
119.55 1441.25
12943  1441.46
140.37 1441.65
149.79  1441.87
159.29 1442.24
169.59  1442.63
180.20 144293
190.41  1443.70
201.40  1444.76
209.96  1445.52
220.14  1446.60
230.62 1447.80
240.82 1448.85
25143 144998
261.88  1450.87
27192 1451.60
282.04 1452.30
29199 145291
301.09 1453.48
TR 8822 D-7




04-10-88 0930
CAST #32

d(m) sv(m/s)
3.55 1436.65
8.24 1436.71
18.75 1436.91
2948 1437.11
40.41 1437.32
51.29 1437.59
56.52 1437.79
59.07 1438.80
61.74 143991
6440 1440.03
69.73  1440.20
75.04  1440.38
80.72 1440.55
90.65 1440.71
100.53  1440.94
111.37  1441.07
121.04 1441.31
131.03  1441.52
141.10 1441.72
151.01 1441.97
160.50 1442.21
169.95 1442.49
179.48 144296
188.85 1443.79
20032 144487
209.48 1445.68
219.07 1446.76
228.62 1447.93
240.35 144898
249.80 1449.89
259.79  1450.68
268.35 1451.38
279.74 1452.16
291.30 145293
300.30 1453.48

D-8 TR 8822

04-11-88 0945
CAST #33

dim) sv(m/s)
3.68 1436.70
9.80 1436.77
19.40  1436.96
28.97 1437.14
41.06 1437.36
50.14  1437.55
58.05 1437.88
60.34 1438.44
62.63  1439.57
65.04 1439.99
67.19  1440.09
71.88  1440.27
81.35 1440.51
90.77  1440.81
100.16  1440.93
109.25  1441.01
11943  1441.26
131.15  1441.50
140.86  1441.68
15040 144191
159.53  1442.20
168.62 1442.54
177.80 1442.86
189.21  1443.69
20044 144478
209.60  1445.61
218.72  1446.57
228.04  1447.53
236.96  1448.61
248.17  1449.80
25944  1450.77
26996  1451.51
282.72 1452.42
291.30 145299
299.73  1453.45

04-12-88 0930
CAST #34

d(m)  sv(m/s)
342 1436.66
10.32  1436.81
20.18 1437.02
30.00 1437.21
40.03 1437.37
49.63  1437.55
59.45 1437.73
63.39 1437.84
66.31 1438.94
67.19  1439.63
68.72 1440.03
71.12 144017
80.84  1440.41
90.40  1440.75
99.91 1440.82
109.38  1441.15
118.81 144123
12820 144142
139.76  1441.63
151.13  1442.02
160.14  1442.25
168.86  1442.48
179.96 1442.96
188.85 1443.78
199.49  1444.62
21043 144584
218.96  1446.69
22968  1447.85
240.00 1448.92
25248  1450.16
26442  1451.19
276.53  1451.97
288.79  1452.79
300.64  1453.47

04-13-88 0820
CAST #35

d(m) sv(m/s)
2.76  1436.61
7.59 1436.83
1590 1436.97
24.32  1437.11
3425 1437.29
43.88 1437.45
5448 1437.62
57.03 1439.14
57.92 1439.53
59.96 1439.68
62.25 143997
67.19 1440.17
69.48 1440.24
79.20 1440.38
88.76  1440.59
98.16 1440.76
107.89 1440.96
117.20 1441.16
126.72 1441.30
135.21 1441.64
14429 1441.83
153.08 1442.06
161.35  1442.30
169.71 1442.66
177.92 144294
186.21 144354
19448 1444.18
202.83 144524
210.79 1446.16
218.84 1446.87
22698 1447.71
234.73 1448.63
242,57 1449.51
250.73  1450.23
258.75 1450.84
266.50 1451.53
27434 1452.07
282.04 1452.53
289.93 1453.04
297.23  1453.45




04-14-88 0700
CAST #36

d(m) sv(m/s)
3.68 1436.61
9.54 1436.73
1798 1436.87
28.71 1437.05
37.97 1437.18
47.08 1437.37
5295 1437.53
55.37 1437.94
57.54 143845
59.07 1438.97
60.34 143945
61.36 1439.57
70.11  1440.04
78.95 1440.36
88.39  1440.57
98.78  1440.84
109.88 1441.02
118.69 1441.19
128.20 1441.50
136.93  1441.73
148.60 144193
159.53 1442.27
170.56 1442.74
181.17 1443.20
189.93 1443.71
198.77 1444.74
209.72  1446.49
220.61 1447.83
231.09 1449.10
239.65 1450.20
248.17 1451.09
256.78 1451.93
267.66 1452.78
276.30 1453.24
285.13  1453.66
293.58 1453.98
300.75 1454.22

04-14-88 2005
CAST #37

d(m)  sv(m/s)
19.53  1436.88
27.42 1437.01
35.02 1437.14
43.11 1437.28
50.91 1437.41
54.61 1437.62
56.52 1438.20
58.43 1438.79
60.21 1439.00
62.25 1439.35
63.90 1439.58
65.67 1439.93
67.32 1440.06
69.35  1440.04
72.89 1440.18
80.46  1440.37
88.01 1440.59
9491 1440.72
104.90  1440.96
111.99  1441.09
118.69 1441.18
125.61 1441.41
132.26  1441.55
139.02  1441.72
146.00 1441.88
152.59 1442.06
159.29 144237
165.72 1442.61
172.25 1442.78
178.76  1443.37
185.85 1443.68
192.44 1444.18
198.66 1444.74
208.18  1445.89
214.58 1446.86
221.08 1447.61
227.33  1448.31
233.79  1449.00
240.23  1449.77
246.42  1450.51
252. 71 1451.13
259.21 1451.75
265.58 1452.11
272.04 1452.62
278.13 145294
284.33  1453.22
290.73  1453.51
297.11 1453.83

04-15-88 0930
CAST #38

d(m)  sv(m/s)
6.67 1436.63
13.05 1436.78
20.18  1436.90
28.06 1437.03
36.05 1437.16
4464 143732
4925 1437.48
51.29 1437.70
53.59 1438.63
54.48 1438.92
56.65 1439.29
59.32  1439.51
63.52 1439.80
6821 143998
77.31  1440.26
88.26  1440.57
99.28  1440.81
108.01  1441.01
121.16  1441.30
129.80 144147
138.65 1441.68
147.22 144199
155.88  1442.26
164.63  1442.51
173.33  1442.95
181.89  1443.59
185.97 1444.06
188.37 144426
197.10  1444.56
205.80  1445.31
21470  1446.68
22332 1448.06
23191  1448.99
24047  1449.93
248.52  1450.59
256.78  1451.19
264.88  1451.80
273.08 1452.25
281.46  1452.71
200.05  1453.26
298.59  1453.75

04-16-88 0700
CAST #39
dm)  sv(m/fs)

5.50 1436.71
14.86 1436.87
24.96 1437.04
34.63 1437.21
4413  1437.37
52.06 1437.50
55.50 1437.69
57.67 1438.23
5945 1439.12
61.10 1439.55
62.50 1439.68
66.18 1439.96
68.21 1440.19
72.13  1440.37
79.83  1440.57
85.25 1440.64
92.78  1440.79

101.03 1441.04
109.50 1441.14
118.31  1441.28
126.84 144145
135.34 1441.65
143.80 1441.81
152,96 1442.11
160.86 1442.40
169.59  1442.69
178.40  1443.18
187.29  1443.74
195.79 144448
204.02 1445.35
212.57 1446.21
221.32 1447.28
229.09 1448.11
237.07  1449.04
245.26  1449.88
253.29 1450.62
260.83 1451.25
268.12  1451.71
275.61 1452.20
283.30 1452.66
290.96 1453.10
298.14  1453.43
TR 8822 D-9
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04-17-88 0830
CAST #40
d(m)  sv(m/s)
433  1436.59
8.76 1436.64
17.72  1436.90
2664 1437.06
3566 1437.22
4490 143738
4976  1437.65
52.06 1438.42
5435 143944
5537  1439.55
57.67 1439.73
59.70  1439.94
64.53  1440.21
68.84 144030
7327 144044
8248  1440.59
91.15  1440.75
100.03 144095
109.01  1441.12
118.07 1441.30
126.72  1441.50
13521  1441.63
142.57 1441.82
151.13 144201
159.29 144223
167.05 144251
175.63  1442.78
184.29 1443.17
192.68 1443.79
20068 1444.74
209.01  1445.64
21766  1446.64
226.15 1447.38
234.50 1448.63
24292 144940
251.32  1450.25
259.44  1450.88
268.35 1451.52
27641 145199
284.56 145251
29210 145298
30064 145347

(04-18-88 0830
CAST #41

d(m) sv(m/s)
6.02 1436.62
1136 1436.77
21.21 1436.97
31.16 1437.12
4093 1437.28
48.61 1437.47
50.65 1438.45
5295 1439.32
5346 1439.51
5448 143971
56.90 143992
66.81 1440.28
76.43  1440.48
86.00 1440.66
95.41 1440.82
104.52 1441.4
11348 144122
122.64 1441 .41
131.77 144154
140.74  1441.74
149.79 144196
158.80 1442.19
16741 144248
176.11 1442.86
185.01 1443.34
193.64 144429
20199 144508
210.79 144595
219.67 1446.84
228.15  1447.68
236.25 1448.54
24432  1449.31
252 43  1450.03
260.49  1450.68
26823 1451.28
27630 145193
284.56 145244
292.67 1452.89
300.52 1453.39

04-19-88 0745
CAST #42

d(m)  sv(m/s)
3.68 1436.70
7.98 1436.77
1694 143693
25.74 1437.10
28.58 143745
3090 1438.30
3296 1439.13
3566 143940
38.10 143967
4041 1439.82
45,16 1440.03
54.10 144021
62.88  1440.37
71.88 1440.53
80.84 1440.69
89.64 1440.88
9891 1441.07
108.01 144122
11732 144141
126.35 1441.56
135.34 144174
144,53 144191
153.93 1442.10
162,69 1442.23
171.52 144234
180.08 1442.66
188.61 1443.04
197.34 144375
205.68 1444.56
21423 144535
22285 1446.40
230.74 1447.61
238.83 1448.69
24736 1449.61
255.50 145042
263.61 145099
271.69 1451.77
279.74 145241
287.99 145291
29563  1453.29
299.39 145345




APPENDIX E

Water Clarity Measurements by Naval Surface Weapons Center

Color designations on graphs refer to wavelength in the optical
spectrum.
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APPENDIX F

Plots of Under-Ice Ambient Noise Spectra

All times are local. Knudsen noise level at sea state O for open ocean is shown for
comparison
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APPENDIX G

Analysis of Noise Level vs Distance from the Camp




APPENDIX G: Noise Level vs Distance from the Camp

It is obvious that the farther away from the camp the more attenuated the camp
noise will be, hence the logic for deploying the hydrophone array 700 m from the camp.
An interesting question is how far, for a given frequency, is far enough for the camp
noise to be negligible? This has practical implications for a hard-wired system such as
the one used, in that the time required to deploy the hydrophones and the cost of the
cable are proportional to the distance. The shortest possible distance providing adequate
camp noise attenuation is therefore desirable. To answer this question, on several
occasions real-time spectral measurements were made sequentially with three
omnidirectional hydrophones at different ranges along a radial line from the camp: one
hydrophone of the orthogonal array at 700 m, a second (ITC 6050) at 274 m, and a third
(B & K 8101) at the (0,0) hydrohole in camp, all at 30.5 m depth. Assuming spherical
spreading, noise generated on the surface at the camp would have been attenuated at the
three ranges by 57, 49, and 30 dB, respectively. The signal from each hydrophone was
amplified and then analyzed on an HP 3561 spectrum analyzer in real time to obtain
ensemble averages. Care was taken to avoid the 9.5 kHz tracking pulses during spectrum
averaging since the notch filter was not used. The spectrum was then transferred to an
HP85 via a GPIB bus and stored on disks.

Figures G-1a—f show the spectra obtained at the three ranges at different local times.
The measured noise levels have been corrected for individual hydrophone calibration and
are in spectral density units of dBs re 1 uPa // 1 Hz. The number of ensemble averages
ranged from 35 to 100, with no noticeable improvement in the smoothness of the spectral
shape using the higher number of averages. The spectra at frequencies above 10 kHz
generally level out, approaching the self-noise level of the hydrophones, which were 30
dBs for the B & K 8101 (camp) and approximately 17 dBs for the ITC 6050s.

When the ambient noise level was quiet, comparable to that at sea state 0,
comparison at high frequencies among the three ranges was impossible because of the
higher self-noise level of the B & K hydrophone at camp. Comparisons were therefore
made at frequencies below 5 kHz where self-noise was not a limiting factor and showed
that the ambient noise measured at the camp was sometimes dominated by the camp
noise. The spectra for the two far-range hydrophones (274 m and 700 m) generally
showed close agreement, indicating no camp noise contamination, at least for frequencies
above 1000 Hz; therefore using the shorter range (274 m) for noise measurement would
have been satisfactory. Itis puzzling that in the case of Figure G-1c, where the overall
noise level was ~10 dB above that of sea state 0, the camp hydrophone registered a level
slightly lower than the far ones. No reason could be found for this anomaly other than a
sudden change in the wind between measurements.

TR 8822 G-1
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Figure G-1a. Ambient noise measured at three ranges from the camp on 14 April at
approximately 1240 hours.
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Figure G-1b. Ambient noise measured at three ranges from the camp on 16 April at
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approximately 2040 hours.
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Figure G-1c. Ambient noise measured at three ranges from the camp on 18 April at

approximately 1000 hours.
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Figure G-1d. Ambient noise measured at three ranges from the camp on 18 April at
approximately 1300 hours.
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Figure G-le. Ambient noise measured at three ranges from the camp on 18 April at

approximately 2240 hours.
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Figure G-1f. Ambient noise measured at three ranges from the camp on 19 April at
approximately 2130 hours.
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