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1. INTRODUCTION

During February/March 1986, a team from the Institute of Oceanographic

Sciences and Research Vessel Services of the U.K. Natural Environment

Research Council took part in FASINEX (Frontal Air-Sea Interaction

Experiment, Stage and Weller, 1985, 1986) aboard R.V. Oceanus. Surveys

were carried out with the IOS developed SeaSoar (Collins, Pollard and Pu,

1983} carrying a Neil Brown CTD. The data were fully processed within a

day of collection using two containerised PDP11/34 computers so that the

plots presented here were available for decision making at sea.

Five runs were carried out, including a creeping line ahead survey of

a 120 km x 160 km box spanning the main FASINEX front, a single box 30 km x

20 km circumnavigated four times in 3.75 days, and several circuits of the

FASINEX mooring array.

Track plots using a mixture of Loran and GPS were also constructed in

near-real-time, and are described here.

2. INSTRUMENTATION AND DATA REDUCTION

SeaSoar

The SeaSoar (Fig. la), developed at IOS from the original Batfish
(Dessureault, 1976), is towed behind the ship at around 8 knots
(4 m/s) on a 600 m long faired cable. The main wings are driven
hydraulically by the propeller and are servocontrolled by the
difference between a sawtooth function simulating the desired
pressure/time path and the observed pressure measured at the SeaSoar.
A typical Track (Fig. 1b) shows the SeaSoar profiling between 25 m and
275 m with a full down/up profile every 3 km. The minimum depth is
normally set at or very close to the surface, but the danger of
fouling by floating sargassum in the FASINEX area (28°N, 70°W) made it
advisable to turn well below the surface. The turning depth was
rather variable, as the SeaSoar proved sensitive to the strong cross
currents as it passed through the frontal jets of 50 cm/s or more.
The maximum depth can be set as deep as 375 m with a fully faired
cable. In FASINEX, only about 325 m could be attained, probably
because about 30 m of cable at the SeaSoar end had remained unfaired

when the fairing was transferred to a new cable. In the event, most
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of the frontal structure lay above 300 m, so the reduced maximum depth

shown in Fig. 1b was used to increase along-track resolution.

The SeaSoar CTD data are thus equivalent to a shallow CTD
section, with over 60 casts per 100 km, covered at 350 km (over

200 casts) per day.

To launch the SeaSoar, the faired cable was run through a large
diameter purpose built shieve hung from the centre of the stern
A-frame. To allow adjustment of the shieve height, it was hung on a
wire which was led through a small block on the crossbar of the
A-frame and down to the air-winch attached to the A-frame starboard
side. It proved straight forward to lift the SeaSoar well off the
deck from its cradle strapped beneath the A-frame, using the main
faired cable winch. The A-frame and cable were then paid out
simultaneously until the SeaSonar was outboard, and it could then be
fully paid out with Oceanus underway at 4-5 knots. The procedure was
reversed on recovery except that ship speed had to be reduced to one

knot or less to lessen the drag.

Once fully deployed, the faired cable drum was stopped off
through a strain gauge between a bollard and the drum rim. This
allowed the wire tension to be continuously monitored. A cable clamp
was also attached to the cable through a loosely stopped rope to

provide backup should the strain gauge fail.

Navigation

Prior to presenting details of SeaSoar runs and tracks, it is

necessary to describe the navigation data.

The primary navigational aid in use was Loran, but GPS, transit
satellite fixes, and Oceanus Doppler log and gyro readings were also
logged on a PDP11/34 and used to f£ill gaps or improve the navigation

on occasion.

The Loran Internav 408 crosschain receiver provided by Bob Wellerx
output latitude, longitude and time delays once a minute. We read the

positional data but did not make use of the time delays. An example of

a Loran track plot from unedited, unsmoothed one-minute data 1s shown

in Fig. 2a.
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All satellite fixes from a Magnavox 1105 integrated Transit/Omega

system were logged. These fixes were then listed and duplicate fixes,

fixes with more than 2 or 3 iterations, and fixes with high (greater
than 70°) or low (less than 15°) elevation were deleted.

Fixes from a Magnovox GPS T-set were recorded every 30 sec, along
with details of the satellites from which they were calculated and GPS
times. After examination of four days of GPS data at the start of the

cruise, it was concluded that

(a) when three or four satellites were visible, no discontinuities
could be detected in track plots {(about 100 m resolution) when

the constellation changed

(b) when only two satellites were visible, and the T-set was using
its atomic clock to navigate, fixes could not be relied upon.
Small drifts (e.g. off a straight line track) became apparent
within minutes, and usually increased to catastrophic offsets

within an hour.

We therefore retained only fixes with 3 or more satellites. Possibly,
the clock or set was imperfect. Certainly, later in the cruise the
GPS set gradually became harder to lock on, and eventually became
unoperable. However, up to day 63, GPS fixes with 3 or more
satellites frequently provided better navigation than Loran, and were

patched in as described below.

Early in the cruise (between day 47 at 0615 GMT and 48/1840), but
after arriving in the working area, the smoothed Loran, edited
transit, and edited GPS fixes were intercompared. Only a small sample
of 12 transit fixes was good enough to retain in the 36 hour period,
but 15.5 hours of GPS data were available, providing a sample of 1856
30-second values spanning 27°30'N to 28°30'N and 69°40'W to 70°20'W in
the centre of the working area. Loran and GPS data were interpolated
to transit satellite times, and Loran data were interpolated to GPS
times. The latitudes and longitudes were then differenced and the
differences plotted as histograms. The means and standard deviations
of the differences (Table 1) show no significant difference between

GPS and transit satellite fixes. Taking GPS fixes as correct,
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therefore, the Loran fixes require offsets of 1850 m to the north and
5380 m to the west, which we identify as the Loran algorithm absolute
of fset for the FASINEX area. This was consistent with the corrections
built into the Bridge Loran set. Throughout the cruise, therefore,
all computer logged Loran fixes were corrected to absolute latitude

and longitude by adding 0.017°(N) and ~0.055°(E).

Standard deviations of (Loran-Transit) differences show only the
large errors of order 500 m in transit fixes. The (Loran-GPS)
differences have standard deviations of 230 and 370 m, so our
navigation data may be up to a few hundred metres off in absolute

accuracy.

GPS data wera2 only available for part of this time, so could not
he used as the prime navaid. However, the major period of good GPS
data ran from around 0500-1200 GMT, or 0000-0700 local time. This
period spanned local sunrise, during which Loran was weakest, so GPS
was used on several occasions (e.g. Fig. 2b) to patch in data during
pariocds when Loran data wandered or spiked badly, jumped lanes, or
wexre entirely lost through loss of lock. Table 2 lists all such
periods for the entire cruise. The pairs of values shown in the
correction and comments field are explained as follows. When GPS and
Loran values at the start and end of a period to be patched in were
compared an offset was often noted. This indicates that the overall
correction of .017°N,~-.05%°E applied to all Loran data was too crude,
as it did not allow for spatial variations in the Loran algorithm.
Further corrections were therefore applied to minimise these jumps,
and the difference between the jumps at start and end of a patched

period is shown by the * values in the comments field.

In general, the aim was to minimise relative errors (alongtrack

jumps), and not to worry about absolute errors of order 1 km.

The sequence of navigation correction was thus

(a) plot 1-minute Loran values

(b) delete spikes, or correct lane jumps, or patch in GPS where
possible, using Table 2 corrections

(c) 1interpolate any missing one-minute values

(d) apply 11-point running mean (i.e. 10 minute average) filter to
smooth both Loran jitter and minor jumps where navigation type

changes. A smoothed plot is shown in Fig. 2c.
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integrate the smoothed data to derive distance run alongtrack
(DISTRUN), which is used as the x-variable in all contour plots
in this report
produce final track plots, annotated with time and DISTRUN
(Figs. 3-13).

CTD sampling and calibration

CTD logging has been described in previous data reports (Collins

et al., 1983, Pollard et al., 1986), so need only be briefly

summarized here.

(a)

{b)

(c)

(4)

(e)

Program CTDSAMP obtains raw data cycles from the deck unit to
computer interface, and writes them to a file

CTDAVG reduces the full data set (8 samples/sec in FASINEX) to
one value per second. Outliers are first deleted as described by
Pollard et al. (1986), and the rate of change of temperature is
added as an extra variable (Collins et al., 1983), but the data
are still in raw units.

CTDCAL speeds up the temperature values to match the conductivity
and temperature time constants. A time constant of 0.20 seconds
was found to minimize hysteresis between down and up T/S traces

in FASINEX. Calibrated values were then calculated from the

equations
P(dbar) = 0.01*P(raw)
(default calibration)
T(°C) = 0.000499968*T(raw) + 0.083
(from laboratory calibrations)
C(mmho/cm) = 0.001*C(raw)

(default calibration)
and salinity and density were then derived using the 1983

equations of state.

Oxygens were derived (following Pollard, 1985) using

O(ml/1l) = O.OO148*O(raw)*exp(—0.036*TL
-0.000155*P(dbar))*Osaturated(T,S)

Where Tp is Tepp, lagged with a 300 second time constant.

At this point all CTD and navigation data were archived and

transferred to the second PDP11/34 for further processing with

PSTAR applications programs (Pollard and Read, 1986)

Salinity calibration data were minimal. Calibrated values of
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salinity at a temperature of 18.5°C were extracted from listings
of CTD casts 16-22 on the first Knorr FASINEX cruise (kindly
supplied by R. Weller and N. Pennington), and yielded
S = 36.516 psu with a standard deviation of 0.004 psu. A short
set of 15 salinities at the same temperature from SeaSoar down-
and up-casts in the same geographical area yielded
S = 36.518%0.003 psu. Fortuitously, therefore, the default

conductivity calibration appeared to be correct.

At the end of the cruise there was an opportunity to compare T/S
curves from the SeaSnar with those from CTL casts. Poor
calibration data from six bottles indicated bottle values nigher
than SeaSocar values by 0.010 £ 0.007 psu (see Appendix A}. We
conclude that SeaSoar salinities are no more than 0.01 psa in
error.

Oxygen values were clearly far too large, but no calibration data
wera available on Oceanus or Endeavor. Oxygens have therefore
been scaled by an arbitrary value of 0.583 to produce values
plausibly related to saturation values expected for the range of
temperatures encountered.

To allow For the fact tunat the SzaSoar sampling position is
500-600 m behind the ship, SzaSoar times were reduced by

150 seconds. This corrscts for the fact that the ship (at which
navigation and acoustic doppler profiler are sampled) passes a
point about 150 seconds bhefore the SeaSoar.

T/S plots were then examined for salinity errors or signs of
conductivity cell fouling. A few such ervors were found, none
lasting more than a few minutes. Errors were elther deleted, or
corracted by adding a constant offset to the salinity and density
values.

The CTDL and navigation data were then merged on time, so that
DISTRUN (section 2.2e) replaces time as the alongtrack variable.
Prior to producing contour plots, data were gridded with DISTRUN
as the x-coordinate and pressure or potential density as tne
y~coordinate. Each grid point is a straight average of all
1-second data values in a rectangular box centred on the grid
point. The x-dimension of the box is 10 km (5 km from grid

points 4 km apart), which smooths or eliminates internal waves
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and noise with horizontal scales less than 10 km. The columns of
data 4 km apart are therefore not independent, but the smoothed
data allow meaningful geostrophic calculations to be made on

adjacent pairs of columns.

The y-dimension of each box was 10 dbar (t5 dbar, roughly *5 m)
for grid points every 10 dbar from 10 dbar to 300 dbar for data
gridded on pressure. For data gridded on density, the
y-dimension was 0.05 kg/m3 (£0.025 kg/ma) for grid points every
0.05 kg/m3 from 25.0 to 26.5 kg/ma, or, for the most southern
latitudes 24.6 to 26.4 kg/m°.

2.4 Data presentation

Track plots are shown in Figs. 3-12, with hourly crosses, time
annotated every 6 hours and DISTRUN every 2 or 4 hours. The distance
run per hour usually lies between 14 and 16 km, so is easily

interpolated.

Fig. 13 is a plot of all SeaSoar tracks with daily time
annotation. Comparison of Fig. 13 with the preceding figures allows

the relative positions of different runs and legs to be assessed.

Contour plots are presented from page 38 on. Wherever possible,
sections have been plotted from north to south (with north on the left
side of the page) or from west to east. Sections which were run from
south to north have thus been plotting with DISTRUN decreasing from
left to right. Latitude or longitude scales as appropriate have been
added at the bottom of each page. Potential temperature, salinity and
potential density are plotted on the left, oxygen, salinity (against
density) and sound velocity on the right. Note that the oxygen
calibration is only approximate, so oxygen contours should only be

used for qualitative comparisons.
Significant events are listed in Table 4, reference to which may

explain gaps or anomalies in the contoured data.

3. DEPLOYMENTS

The SeaSoar was deployed and recovered seven times during FASINEX.
[This excludes a short test deployment on the first leg of the cruise as

Oceanus traversed the Gulf Stream. An intermittent switch between the CTD

deck unit and the computer unfortunately limited sampling to only about

20 km alongtrack, so the data are not reported here.] These seven
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deployments are divided into five runs (Table 3), two of which were

interrupted to repair cable faults.

The runs are described separately below with track plots, and a
summary track plot is shown in Fig. 13. Details of all significant events
are listed in Table 4, with further explanation of anomalies given below.
The main satellite~visible front, with a temperature change across it of
over 1°C lay roughly west-east between 28° and 29°N. The moored array lay
further south, arourd 27°N, 70°W within the square (no-go zone) clearly
shown in Fig. 13 (also Figs. 10,11). Survey time was divided between

detailed surveys of the main front and circuits of the moored array-

Run 1 (Fig. 3) comprised a long (320 km) roughly north-south line just
east of the moored array, returning northwards on the west side of the
array. The run was interrupted near the start (45/0400, 547-555 km) to
secure the Zodiac on the main deck, with Oceanus hove to, in heavy seas. A
south westerly track was followed initially to cross to the cold side of a
front (isopycnals and isotherms rise from 520 to 580 km). The track was
then gradually adjusted to the south and east to pass down the moored array

on its eastern side at a safe distance.

The dominant front was crossed at 715 km (27.8°N) on the southward leg
and at 1075 km (28.1°N) on the northward leg just before recovering the
SeaSoar. The last 2 hours of data 46/1733 - 46/1933 which include this
front) were unaccountably missing from the processed data tapes. They have
been recovered from raw data backup tapes written by the CTD deck unit.
Oxygen was not rscoverable.

Run 2 (Fig. 4) consisted of eight north-south legs about 16 km apart
ranging from 20 to 160 km long, with a short near-eastward leg at the start
(which is included in leg 1) and a southeastward run at the end (leg 9).
TLeg 5 was interrupted at 28°N from 49/1600 to 49/2036 (1909-1917 km) to
repair the cable termination and consequent discontinuities are apparent in
the contour plots. The oxygen contours appear spurious from 1916-1950 km,
which is probably caused by the very long time it takes the Beckman oxygen

sensor to settle after deployment.

The surface outcrop of the front is clear on all legs between 28° and

28.4°N.

Run 3 (Figs. 5 and 6) began as a set of repeated squares cutting the

front, with Oceanus and Endeavour working together. Worsening weather
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caused that plan to be abandoned after one circuit and course was set at
57/1247 to repeat the circuit of the moored array done on Run 1. After
running south along 69°32'W (a near-repeat of Run 1 leg 2) and north along
70°12'W (a repeat of Run 1 leg 3 and Run 2 leg 4) until the main front was
crossed, the survey continued east along 28°50'N (Run 3 leg 5) because the
strongest part of the front appeared to be moving eastward. Run 3 ended

with 3 north-south legs across the front (Fig. 6).

Run 4 (Figs. 7, 8 and 9). A series of RTP (real-time profiler) drops
bequn after the end of Run 3 had to be abandoned because of rapidly
worsening weather. Instead, the SeaSoar was redeployed and three circuits
of a box were run which repeated the last two legs of Run 3. Thus four
complete circuits were obtained (the excellence of the navigation is
apparent from Fig. 13) at about 1-day intervals, crossing the front before
during and after a storm in which westerly winds rose to force 7-9 from
60/1600 to 62/0000. Conditions were most unpleasant with the seas beam-on,
but the quality of the resulting data set can be seen from the contour
plots. The survey was twice broken off. On the first occasion salt spray
shorted the motor generator supplying power to the container. From
61/1240-1330 Oceanus slowed to 1 kt during repairs (5406-5407 km). CTD
data from 5400-5408 were recovered from backup tapes of the raw data
written by the CTD deck unit. On the second occasion, the SeaSoar ceased
to respond fully from 62/0005 (5519 km) so was recovered. It was found
that the cable near the CTD had chafed through. The SeaSoar was redeployed
within 3 hours after repair. Because the failure had occurred just as the
front was being crossed, Oceanus ran south before turning north again at
5560 km in order to pick up the survey where it had been left off at
5519 km.

Run 5 (Figs. 10, 11 and 12) consisted of two circuits of the moored
array, extended, because of the interesting conditions found, to include a
third run down the eastern side (Fig. 12). Fresh {(down to 36.4 psu) light
(down to 24.65 kg/m3) surface water was found stretching across the moored
array from west to east forming a salinity dominated surface front in
marked contrast to the temperature dominated front further north. The
density change across the surface outcrop of about 0.3 kg/m3 was caused by

a 0.2 psu salinity change and a 0.4°C temperature change.
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TABLE 1

Comparison of navigational fixes

Navaids differenced Sample Latitude difference Longitude difference
size (m) (m)

. o o mean S.D. mean S.D.
(Transitc - GPS) 12 -150 290 ~-50 370
(Transit - Loran) 12 2080 640 -5700 620
(GPS - Loran) 1856 1850 (1) 230 =5380 (1) 370
Note (1) - Loran converted to absolute by adding

N.017° latatude (N) and -0.055° longitude (&)



Period
45/0315-0423
47/1023-1106
50/0431-0542

50/0543~-0816
50/0816-0821

51/1147-1157
52/0522-1205
53/0607-0951
53/1139-1150

54/0549-1100
54/1357-1524

54/1818-1907
55/0543-1138

56/0510~1153
56/1154-1747

60/0511-0615
61/9254-0307

61/1213-1337
63/0543-1120

Note (1)

- 17 -

TABLE 2

Alterations to Loran navigation

Correction(1)

Navaid

none

GPS not logged
log/gyro -

GPS (.0072,-.0155)

none

GPS (.0026,-.0068)

GPS (.0030,-.0048)

GPS (.0004,.0033)
Loran (.1048,-.3965)

GPS (.0007,.0028)
Loran )

)
Loran )
)

GPS (.0008,.0008)

GPS (.0000,.0030)
log/gyro

Loran (-.0989,.2344)
Loran

none

GPS (.0000,.0126)

Comment

Power fail, ship hove to

hove to, met. obs overnight

Ship on constant course to N at
4m/s. Assumed mean current of
(24.8,-1.8) cm/s between 0430 and
0543 used. Current includes log
calibration error.

matched to Loran at 0821

timegap, expect poor ship
velocity
hove to, float work

(+.0004,+£.0007)
(£.0004,%.0003)
(+.0007,+.0023) Loran lane jump

(+.0006,%.0001)

Crane in use, so Loran computer
interface failed. Patched in
hand-logged 15 minute values and
interpolated

(£.0003,+.0005)

Loran set adjusted, causing
output to computer to be
quantised to 1'. Log/gyro patch
poor (ship manouvering) and
appeared rotated. Navigation
bad.

Loran lane jump

Severe spikes deleted and
interpolated

lost all power in container

(£.0010,.0030)

Correction (in degrees) (.001° latitude is approximately 100 m)

added to GPS to match to local Loran value at end times of

patched in period.

See Text for further explanation.
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Run

Leg

Distance
Run (km)
521
547
555
575
642
713
848
911
1089

1194
1198
1249
1338
1355
1475
1492
1612
1628
1792
1807
1909

1917
1918
1959
1977
2119
2132
2232
2247

Latitude

(°N)
29.23
29.09
29.12
29.01
28.44
27.84
26.63
26.66
28.23

28.09
28.07
28.22
27.42
27.44
28.51
28.51
27.43
27.44
28.92
28.93
28.02

27.98
27.96
27.60
27.62
28.89
28.89
28.00
28.00

TABLE 4

Log of significant events

19 -

Longitude

(°wW)
69.19
69.41
69.48
69.65
69.86
69.61
69.57
70.19
70.13

70.14
70.11
69.65
69.66
69.83
69.82
62.98
70.00
70.16
70.16
70.30
70.32

70.29
70.28
70.31
70.49
70.49
70.62
70.64
70.79

Jday

45
45
45
45
45
45
46
46
46

47
47
47
47
48
48
48
48
48
49
49
49

49
50
50
50
50
50
50

Time (GMT)

( HHMM)

0116
0311
0430
0602
1038
1542
0200
0631
1925

1352
1417
1731
2351
0101
09232
1043
1931
2031
0730
0833
1600

2037
2054
0001
0115
1103
1159
1901
2002

start of run 235°

heave to,

secure gear

resume course 235°

a/c
a/c
o/c
a/c
a/c

end

196°
160°
180°
270°
000°

of run

start of

s/c
a/c
a/c
a/c
a/c
a/c
a/c
a/c
a/c

a/c

060°
180°
270°
000°
270°
180°
270°
000°
270°

180°

run

cable fault, recover
SeaSoar

restart sampling

s/c
a/c
a/c
a/c
a/c
a/c

a/c

190°
270°
000°
270°
180°
270°
000°

{leg 5 contd)



Run

Leg

b

Distance
Ran (km)
2342
2430
2432

3978
3980
4000
4046
40922
4133
4175
4210
4238
4247
4397
4454
4710
4379
4957
4973
5043
5077
5143
5144

Latitude
(°N)
28.86
28.49
28.47

28.14
23.16
28.33
28.05
28.34
28.59
28.34
28.12
27.93
27.93

26.59

28.81
28.83
28.13
28.12
28.74
28.76
28.17
28.17

TABLE 4

Log of significant events

(Contd)

Longitude
{(°W)
70.78
69.98

69.99

69.49
69.49
69.48
69.14
68.82
69.12
69.45
69.23
69.42
65.50
69.55
70.22
70.20
68.47
68.45
68.62
68.64
68.30
68.29

68.30

Jday

51

51

Time (GMT)

( 4HMM)

0224
0817

0844

1600
0331
0829
0100
1152
1749
1905
0004
0216
0752
08333

a/c

118°

slow to recover

end

of run

start sampling

start of

a/c

a/c

a’/c
o/c
a/c
a’c
a/c
a/c
a/c

a/c

135°
044°
315°
225°
135°
225°
270°
180°
270°
000°
090°
180°
270°
000°
090°
180°

run 000°

slow to recover

end of run



Run

Leg

Distance
Run (km)

5180
5195
5212
5309
5342
5406

5407
5428
5463
5519
5540
5560
5592
5625
5718
5750
5844
5875
5968
6002

6625
6676
6729
6780
6831
6883
6934
6986
7036
7089
7145

Latitude
(°N)

28.25
28.12
28.13
28.99
28.99
28.43

28.42
28.23
28.23
28.73
28.88
28.72
28.99
28.99
28.16
28.16
29.00
28,99
28.16
28.17

27.39
26.93
26.94
27.39
27.38
26.92
26.93
27.39
27.39
26.92
26.49

- 21 -

TABLE 4

Log of significant events

(Contd)

Longitude

(°wW)
68.44
68.46
68.63
68.63
68.29
68.29

68.31
68.29
68.63
68.63
68.70
68.65
68.63
68.30
68.30
68.62
68.62
68.30
68.30
68.65

69.62
69.62
70.14
70.13
69.62
69.63
70.14
70.13
69.63
69.62
69.91

Jday

60
60
60
61
61
61

61
61

62
62
62
62
62
52
62
63
63
63
63

65
66
66
66
66
66
66
67
67
67
67

Time (GMT)
(HHMM)

1702 start of run

1847 a/c 270°

2018 o/c 000°

0438 a/c 090°

0720 a/c 180°

1240 computer power fail, slow

to 1 kt

1330 return to speed

1527 a/c 270°

1931 a/c 000°

0005 SeaSoar failed, stop yoyo
0359 Restart SeaSoar, a/c 160°
0523 a/c 000°, continue survey
0744 a/c 090°

0946 a/c 180°

1605 a/c 270°

1823 a/c 000°

0100 a/c 090°

0302 o/c 180°

1001 o/c 270°

1240 end of run

2152 start of run 180°

0205 a/c 270°

0617 o/c 000°

0942 a/c 090°

1316 o/c 180°

1701 a/c 270°

2047 a/c 000°

0008 a/c 090°

0346 a/c 180°

0743 a/c 209°

1210 end of run



(d bar)

pressure

300 | | ] l | ] | ] | | |

“balance rudder

(a) upper tail fin .
Q&:*xrv o i://)
£ y_rf ropellor

odjustoble main_wings,
1.33m span . —é\

body weight

1.38m body length

(b) Sea Soar track (leg 4)

o)
@)
T

100k |

1501

2001

250

1

1750 1700 1650

Distance along track  ( km)

(a) The SeaSoar, derived from the Canadian Batfish, is a body with
hydraulically powered, controllable wings. In FASINEX, it
housed a Neil Brown CTD (conductivity, temperature, depth
measuring instrument}); (b) Towed at 8 knots, the SeaSocar can
dive and climb at an angle of about 1:5 to the horizontal, thus
completing a sawtooth path to 300 m or wore every 3 km. The
shallow turn had to be made 10-30 m below the surface to avoid
fouling by sargassum. The track shown is leg 4 of Run 2.
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690.
3 1020}
L 45/18 X742. _
i Fig.3 |
46712 Run 1
Legs 1-3
960. 795.
L2
46/ 0

:

i 848.

8 !
MERCATOR 1 1500000 AT 28.0 N
START 45/ 130 STOP 46/1930
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MERCATOR 1 ® 1500000 AT 28.0 N

START 96/2026 STOP 59/1200
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START 60/1728 STOP 61/154S
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MERCATOR 1 600000 AT 28.0 N
START 61/1545 STOP 62/1830
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DB

PRES

DB

PRES

DB

PRES

- 38 -

0 GRFASTLT RUN 1 LEG 1

50.

100.

150.

200.

250. +

,—r/—\_/_—‘ls.\———-"S./\

300 1 1.t N0 NS RV VS0 SN N (T S TN WA S NN TN TR SO SN (NN TN NN TN U NS SN SN NS WA M. T TN T A TR Y WA S S S S B
*520. 540. 560. 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- POTEMP DEG.C

0.

50.

100.

150.

200.

256.

300. ﬁlllllJLLLlllllllllllllLLJl U ST SR SN [N W T WA NNV Y ST S 't
520. S40. 560 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- SALIN PSU

0.

50.

100.

150.

200. +

e ——————

250.—//26-4 26.4\_/'—?5‘.4

300.llAllIlAllll|llllxlllllxlllLllllAllxlllll
520. S40. 560. 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- SIGPOT KG/M3

i ......... i ......... i nnnnn AL lli nnnnnnnnn i ......... iu;
ngOh%[TUDE 69. 4 -69.629 28.8 28.6 28.4 28.2 28. 27.8
LATITUDE LATITUDE LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

- 39 -

0 GRFASTLT RUN 1T LEG 1

50.

100.

150.

200.

250. F y\

300 lllI/lllIlllllllllAlllllj/l\llAl]lllLLl U AN I R .S I O

"520. 540. 560. 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- OXYGEN ML/L
24.5
25.0F —— -
sy
e
- - Y
25.5F < _ 2 Y
- /36-60\\_ —_—— q
59 = 6.0 ———
— _3.607 < v\k
26. 0l 36 o
\6’\36.55/' 36.55 36.55 ———— —
e e . —

26-5 llllLilllllllSLGI'?Ollllljll]3l6leol‘IJlllLlllllllllljll
$20. 540. 560. 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- SALIN PSU

0.

50.

100.

150.

200.

250.

300. lllllllllllllllllllllllll]!lllllIllllllllllAlll
520. 540. 560. 580. 600. 620. 640. 660. 680. 700. 720.
DISTRUN KM Z VAR- SNDVEL M/S
LT ......... i..;--..;....T ......... i........;i ------- L‘_ILJ ........ i ......... .r ......... T
-69.2 -69.4 ~-69.629. 28.8 28.6 28.4 28.2 28 27.8
LONGITUDE

LATITUDE LATITUDE LATITUDE



0B

PRES

0B

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 40 -

GRFASIL2 RUN 1 LEG 2

0. 720. 740. 760. 780. 800. 820. 840. 860.‘ 880. 900. g20.
STRUN KM Z VAR- POTEMP DEG.C

U S NS VNS S WA WU N G SO A TN N S AN N SO 0. S U l‘llllllllllllllllllw
700. 720. 740. 760. 780C. 800. 820. 840. 860. 880. S00. 920.
DISTRUN KM Z VAR- SALIN PSU

26.4——"'—_—’/—26'4"_——_“—

PR S TS VRS SR TR S VUG NN T TS W WS S A NS NN SN0 N WU G SO W S U SO [ TR TR SN TN SN SN S SO GRS WA T WA S TN SN SN ST S N W W N

720. 740. 760. 780. 800. 820.

0. 840. 860. 880. 900. 920.
STRUN KM Z VAR- SIGPOT KG/M3

I
27.8 27.6 27 .4 27.2 27. 26.8 -69.6 -69
LONGITUDE
LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

15C.

200.

250.

300.

24.5

26.5

50.

100.

150.

200.

250.

300.

- 41 -

GRFASTL2 RUN 1T LEG 2

illlllmllll\illll

DA:I:A:LJA

20. 740. 760. . 840 860. . 900. 920.
N GEN

0. 720. 740. 760. 780. 800. 820. 840. 860. 880. 900. 920
STRUN KM Z VAR- SALIN PSU

|1.|l|llnlllxnlnlnlllxlAlLAnAl:unll:xllllxllxxl

1
700 720. 740. 760. 780. 800. 820. 840. 860. 880. 3900. 920.
DISTRUN KM Z VAR- SNDVEL M/S
....... ill,,...,.i.....,..1i....,....i........Ai.........i.....x,L.i...”....i,...“,,.i.....,
27.8 27.6 27.4 27.2 27. 26.8 -69. -69.8 -70.
CONG1 TUDE

LATTTUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

30Q0.

50.

100.

150.

200. -

250.

300.

50.

100.

150.

200.

250.

300.

- 42 -

GRFASTL3 RUN 1 LEG 3

P G R RS (N SOO00 YU W W FUNT SURS TN NN SN U SN WA SN D U TS SHNY SV WA UHAY NUOY PO SN W0 WS WS S T S N G A G i == S
1080.1060. 1040. 1020. 1000. 980. 960. 940. 920. 900.
DISTRUN KM Z VAR- POTEMP DEG.C

PO RPN SN TR W TN (SO0 ST SIS SHTUNN R0 TS O Tk A S S S S NS WA R T B ST T =l e . )

|
60. 1040. 1020. 1000. 980. 960. 940. 920. 900.
N KM Z VAR- SALIN PSU

\\SN 26.4—
L S S T TN G S SN SN VRV S AN NN N TN T A TN WO S N SN S S ST 1

I S S T T T S MWt

i
1080.1060. 1040. 1020. 1000. 980. 960. 940.  920. 900.
DISTRUN KM Z YAR- SIGPOT KG/M3
........ T R e v
28 27.8 27.6 27.4 27.2 27 26.8

LAT1TUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

S0.

100.

150.

200.

250.

300.

24.

26.

50.

100.

150.

200.

250.

300.

- 43 -

GRFASTLS RUN 1 LEG 3

;) . <::7 —_— - O <

[ 11 P WO S T N A L | S i TSN S
]663?1060. 1040. 1020. 1000. 980. S60. S40. 920. S00.
DISTRUN KM Z VAR- OXYGEN ML/L

VAN TN WS T TN VU TN N S ST TN SN YR (N NN TS WA TN S N VT NN SN VO G SN N U GAT NN e A

i 1
1080.1060- 1040. 1020. 1000. 3980. 960. 940. 920. 900.
DISTRUN KM Z VAR- SALIN PSU

lnlxllnnxlxnnllxlllllx|1]|||I|1|1l|||xlll
1080.1060. 1040. 1020. 1000. 980. 960. S940. $20. 900.
DISTRUN KM Z YAR- SNDVEL M/S

........ in--.1---.inn-1-|x||in1111-n-:ivjnnnulx ixL..nA|nninlx.|nx.xi|1.n‘|

28 27.8 27.6 27 .4 _27.2 27 26.8

LATITUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250. |

300.

- 14 -

GRFAS2L1 RUN 2 LEG 1

b=

RS R WY SR Y SO ST S S YUY UAANS HE SN WA TN SN (VAT ST SR S T [N SHN SAT SHNS YUY SN T SN N S DS TN S G
1180.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
DISTRUN KM Z VAR- POTEMP DEG.C

PR (T TR S ST A (A GOSN SUNE T Y TS WA U WU SN NONOF UK A0S TR AN SRS W D WA (DU SO TN S TR SN S N W
1180.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
DISTRUN KM Z YAR- SALIN PSU

P IS T TS WS WA (NN VU WA TS TRNY NN TR SR AN TS JNNS TN N SN SN SN TR U SNND SRS N TR SN SO W SR GV SN S |
1180.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
DISTRUN KM Z VAR- SIGPOT KG/M3
-70.2 -70. -69.8 28.2 28. 27.8 27.6
LONGITUDE

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

200.

250.

300.

24.

25.

2S.

26.

26.

S0.

100.

150.

200.

250.

300.

-~ 45 -

GRFAS2LT RUN 2 LEG 1

T

TUDUS N T S S S OO G VOSSN W EE ST S VNP T WY NN W A S N R T SN SR S0 S NS S U N S S U
1180.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
DISTRUN KM Z VAR- OXYGEN ML/L

<

Z]

< ¢ A

—36.60

- 0

i /_kz/—%-&\_»sgsg_/vﬁ—/\-/

T — ——36.55~""_ \.36.557
T ]

IR Y TR VOO S (T TN TONN S S TN TOOT WS TS WS W VAT T U N N0 U S RN W U SA T SR T S O
80.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
UN KM Z VAR- SALIN PSU

nnnnl|||:l;x|Ll||.:la||xl|n||lA|x|

1
1180.1200. 1220. 1240. 1260. 1280. 1300. 1320. 1340.
DISTRUN KM Z VAR- SNDVEL M/S
e P e s Twwwwwwn o -

-70.2 -7 -69.8 28.2 28. 27.8 27.6
LONGI TUDE

LATITUDE



DBAR

PRES

DBAR

PRES

DBAR

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

- 46 -

GRFAS2L.2 RUN 2 LEG 2

ANV VT ST S V0N VRN YR S SN ST WS WOUY S T S SN S GNUS T N U S WO Y SO S N W S G

1 L
1500.1480. 1460. 1440. 1420. 1400. 1380. 1360. 1340.
DISTRUN KM Z VAR- POTEMP DEGC

FRT WO RY SN TN U W SRS GRS WY WU NN (U W SV TN T N0 TUR GRS NN S (NN W SN SN SN [N SN SR TN SN S N S S |
1500.1480. 1460. 1440. 1420. 1400. 1380. 1360. 1340.
DISTRUN KM Z VAR- SALIN PSU
-

TSI TR N T SN S T U VOO TOW WU T (NS VNS ST SORY SO SN0 NS ST ST N SN SN WS WY S [NNNY TS0 SO S S G S S N 1
1500.1480 1460. 1440 1420. 1400. 1380. 1360. 1340.
DISTRUN KM Z VAR- SIGPOT KG/M3

ity AAllAllLlA‘lllllL ......... TIAllllllli ......... i ........ igtaa
28.2 28 27.8 27.6 -69.8
LONGITUDE LONGITUDE
LATITUDE



DBAR

PRES

KG/M3

SIGPOT

DBAR

PRES

- 47 -

GRFAS2L2 RUN 2 LEG 2

50.

100. -

150.

200.

250.

T

300. 0. 1460. 1440. 1420. 1400. 1380. 1360. 1340.

1
00.148
STRUN KM Z VAR- OXYGEN ML/L

24.5

25.0+

25.5F

26.0F

lAlJnn|l|4A|IJAnlln|A|lA||A|||1|lL||A
26.5 1480. 1460. 1440. 1420. 1400. 1380. 1360. 1340.
STRUN KM Z VAR- SALIN PSU

S0O.

100.

150.

200.

250. +

| ST T U U ST T SN T B R RN BT R P S B S T S
BO. 1460. 1440. 1420. 1400. 1380. 1360. 1340.
N KM Z VAR- SNDVEL M/S

300. b

LoNGITUDE 2" ’ ) ) ’ L onet Tupe
LATITUDE



0B

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

- 49 -

GRFAS2L3 RUN 2 LEG 3

LATITUDE

PUSE T WS U WU WORN TR VNS NN ST VAN U U0 (N WHUUS WA TUR0Y AU [NV TN TR SN S (N WA G TS HNU S JUU S0 B
1480.1500. 1520. 1540. 1560. 1580. 1600. 1620.
DISTRUN KM Z VAR- POTEMP DEG-C
-

YRS WIS WO (N TR VS NN SN [N TR SHNN WA S GHN WA T MU SRS VR SRS RN SUNE WO SN S SN N DA N S B 1
1480.1500. 1520. 1540. 1560. 1580. 1600. 1620.
DISTRUN KM Z YAR- SALIN PSU
i ————-——'26.4\

TS TS WY ST WA ST SN WS NN WS SN SO WOU¥ NS VU TN WA S AT ST T R SN S SO0 A S N T
1480.1500. 1520. 1540. 1560. 1580. 1600. 1620.
DISTRUN KM Z VAR- SIGPOT KG/M3

..... ?llllllljlillllLLLJlilllAllLJlilllIllllllllllllll
28.4 28.2 28. 27. 27.6



DB

PRES

KG/M3

SIGPOT

DB

PRES

- 49 -

GRFAS2L3 RUN 2 LEG 3

50.

100.

150.

T

200.

250.

AAA11111411111lJnlllAlllllln

300.

1520. 1540. 1560. 1580. 1600.

16
Z VAR- OXYGEN HL/L

24.

25.

25.

D WS W TN WS U VY T S WA NS WY WY WY SN SN U YUY SN N N G SN U G N U

A
00. 1520. 1540. 1560. 1580. 1600. 1620.
N Z VAR- SALIN PSU

50.

100.

1S0.

200.

250.

YU O WY T I WO W T U WA N N SN ST ST RN RN S W

300.

1520. 1S40. 1560. 1580. 1600. 1620.

Z VAR- SNDVEL

.....................................................

M/S

LATITUDE



DB

PRES

DB

PRES

DB

PRES

150.

20C.

250.

300.

150.

200.

250.

300.-

50.

100.

150.

200.

250.

300.

—— —

PR N N N S ST T VU TR S VT TS WA S YUY U N S T G N G WS SO YOI VAT S CES SN WA S0 SN TO000 TR TS SHT PO NN N SN U G A U 10U NN WO WO N {
1820.1800. 1780. 1760. 1740. 1720. 1700. 1680. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- POTEMP DEG.C
l RS S WU U SO NS SN S S S U S0 WS TR YA S (RO SN SN SHNS SRS NN ST SN G SN UNNAS VHNDU AN VAU ORS VAU TR QU SN S R AN WA U A WS U U0 GO0 S W00 S Y
1820.1800. 1780. 1760. 1740. 1720. 1700. 1680. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- SALIN PSU
.

[ SIS TN R WU SR WS U FOUDN WU WU NN NG VU0 U TUNY UV TS FVISG HUNS TOUND UIOAS VAU SN U S SRS VA NN SHNS VAN NS SN SUNE WU WA SHNE T N SN SR SR WO SN U S SN SN N0 W |
1820.1800. 1780. 1760. 1740. 1720. 1700. 168B0. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- SIGPOT KG/M3
Ad i pia i i ......... i nnnnnnnnn i-nL41441.i‘nx ...... i nnnnnnnnn illlLllllli nnnnn i Alaia
-70.2 28.8 28.6 28.4 28.2 28. 27.8 27.6 -70.
LONGITUDE LONGITUDE

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

2S.

25.

26.

26.

50.

100.

150.

200.

250.

300.

-~ 51 -

GRFAS2L4 RUN 2 LEG 4

4

1820.1800. 1780. 1760. 1740. 1720. 1700. 1680. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- OXYGEN ML/L
B ————— N S~
36-60‘-—‘-—\——36-6
I | 36 60—
36.55—" ~——36.55 =~ —36-55~=
N
ll]llll]ljllllllLllLllllllllllllllllIlJlllllllllll
1820.1800. 1780. 1760. 1740. 1720. 1700. 1680. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- SALIN PSU
11811|||l||1llnlllellljlAAAllnllllllllnnllllxlllln
1820.1800. 1780. 1760. 1740. 1720. 1700. 1680. 1660. 1640. 1620. 1600.
DISTRUN KM Z VAR- SNDVEL M/S
u_u;i ------- f --------- i --------- i --------- i --------- i nnnnnn Alli nnnnnnnnn i ...............
LONGrlol:UZDE 28.8 28.6 28.4 28.2 28. 27.8 27.6 LONG['ITJ[?E'

LATITUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

GRFAS2LS RUN 2 LEG 5

.\\-—‘\_¢"-2
\2 2. ]
0.

| \_\ /\__."—/‘20'

% —

\’/__\ﬂ\ /\/

O SUNE NS N SN U WU TS N ST VOUN VUNT TN NN S SR SN WA NG Y RANE ST TR VOO SR SR S WA S NS NN AN S N SN G G |
1800.1820. 1840. 1860. 1880. 1900. 192Q. 1940. 1960.
DISTRUN KM Z VAR- POTEMP DEG.C
lllIllllLllIllll]lllllIllllllllllllllll
1800.1820. 1840. 1860. 1880. 1900. 1920. 1940. 1360.
DISTRUN KM Z VAR- SALIN PSU

FURUE NN S GRS VPR WY AU TS N TR U SN A S VAN AW WD AN SN IO S N (NS T WU U S ST S VIS W00 A G S S 1
1800.1820. 1840. 1860. 1880. 1900. 1920. 1940. 1860.
DISTRUN KM Z VAR- SIGPOT KG/M3

nnnnnn ilAAllAllAiIAIIIAIIL_JI;L ALLALAIiIlIIIIA]J 1All‘lllilxxllllll

28.8 28.6 28.4 28.2 27.8

LATITUDE LATITUDE



DB

PRES

KG/M3

SI1GPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

50.

100.

150.

200.

250.

300.

GREAS2LS RUN 2

—— S

<

/

\4'5__/&4.5

PR UR TEEE [S T E TT W Y WY T SRS W O 1
00.1820. 1840. 1860.
STRUN KM Z VAR- OXYGEN ML/L

o
TR SN YO0 S SOV SO TUOY W [N TN T SN T ST W Y VU S S TN WS TN SHOH NUNY WA M S S (N ST SRS SR W NN WY SRS N Y
00.1820. 1840. 1860. 1880. 1900. 1920. 1940. 1960.
STRUN KM Z VAR- SALIN PSU

TS T T TN VY S S U S A T S YT T NS NN TR T TN AONS T U ST SO (N ST WO ST S T U0 S W

1
20. 1840. 1860. 1880. 1900. 1920. 1940. {960.
N KM Z VAR- SNDVEL M/S

LATITUDE LATITUDE



DB

PRES

DB

PRES

DB

PRES

S0.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

I
53
W

i

GRFAS2L6 RUN 2 LEG 6

I T SRS VS WS SN T YU WS WS WY VOU UL TS THNY G0 U S S U SN W SN AT WY AT SANY S SN N S SN RN WA S N T S T O
40.2120. 2100. 2080. 2060. 2040. 2020. 2000. 1980. 1960.
N KM Z VAR- POTEMP DEG.C

IS S SR S S T VAN U SN T GO TN SNV TS SN SH NS SN SOV VA AU NS AT S SN WU T AN WA TN ST S T S SN S S Y S N S Y
21 20. 2100. 208C. 2080. 2040. 2020. 2000. 1980. 1960.
DISTRUN KM Z VAR- SALIN PSU

em———— - —
R T U RS T WA W U U T U T VA S T S T WS T TN Y T S S N A S AT RN SUT SN M S T N T B S Y |

2140.2120. 2100. 2080. 2060. 2040. 2020. 2000. 1980. 1960.
DISTRUN KM Z VAR- SIGPOT KG/M3

~70.6 28.8
LONGITUDE

LONG 1T UDE
LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

5

5

S0.

100.

150.

200.

250.

300.

- 5§55 -

GRFAS2L6 RUN 2 LEG 6

NN
o\

N

S TR T N SN S TUND WHS AN WY WO WY WU NS NN SN NN WY DO SN U NS GAUY NN SN NS WA NN (U N G SN SN NS O U I

2100. 2080. 2060. 2040.

Z VAR-

2020.
OXYGEN

2000. 1980.
ML/L

1860.

2060. 2040.

Z VAR-

2020.
SALIN

2000. 1980. 1960.
PSU

T N S NG S N OO S

2140.2120. 2100. 2080. 2060. 2040. 2020. 2000. 1980. 1960.
DISTRUN KM Z VAR- SNDVEL M/S
i e ot ot e e L
-70.6 28.8 28.6 28.4 28.2 28. 27.8 -70.4
LONGITUDE LONGTTUDE
LATITUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

| IS N YT S VS TN T SRS W HY T VAN VNN S SN S WO WA T (NG W06 T |
40. 2160. 2180. 2200. 2220. 2240.
N KM Z VAR- POTEMP

)

| SN W VAN VAN TN ST W S S NS UUNE UHUN SN TGN T VR SRS S (N Y T
40. 2160. 2180. 2200. 2220. 2240.
N KM Z VAR- SALIN

Ilnllanllllllllllllixl_n
40. 2160. 2180. 2200. 2220. 2240.
N KM Z VAR- SIGPOT

28.8 28.6 28.4 28.2 28.
LATITUDE

DEG.C

PSU

KG/M3



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

50.

100.

150.

200.

250.

300.

GRFAS2L7 RUN 2 LEG 7

oe A5
3 <

A
4-0

AU

A~

SV =
U=

[ YT YO O T TR T VAN TN TN SN TN S ) B 1

P W U B O W |

2160. 2180. 2200. 2220. 2240.

Z VAR- OXYGEN

S

36.60 ="
36.55

A

——

lllllllllllllllllllll'lll

540. 2160. 2180. 2200. 2220. 2240.
UN Z VAR- SALIN

=

AT TR NS T Y T YUY T NNV NN NG S N Y VHN T S U N A V|

2160. 2180. 2200. 2220. 2240.
Z VAR- SNDVEL

e IS E— ——
28.8
LATITUDE

ML/L

PSU

M/S



DB

PRES

DB

PRES

DB

PRES

50. +

100. +

150.

200.

250. F

P S W NN S T WO U URNT AVON S (NN WA SN ST T SO S SN TN N NN S S N U RN W |
300. 60.2340. 2320. 2300. 2280. 2260. 2240. 2220.
STRUN KM Z VAR- POTEMP DEG-.C

50.

100.

150.

200.

250.

RN TR U SN (NN TN SN WO SR (T AN R SN S U VO SUNS TR NN Y ST T VOO S B AT 1

1
ﬁo. 2320. 2300. 2280. 2260. 2240. 2220

300. :

KM Z VAR- SALIN  PSU

TNCAN

/—_\_—-
150. —/_\ . 26 . 0 m——

200' [~ W

250.

26« 4 =\

300. IR VO S WA TN D S T WA T N A SO N Y TR R O B R B B
2360.2340. 2320. 2300. 2280. 2260. 2240. 2220.
DISTRUN KM Z VAR- SIGPOT KG/M3

28]3 28.6 2314 28{2
LONGITUDE

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

S0.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

T M

I
W
el

1

GRFAS2L8 RUN 2 LEG 8

n$l [ VRN U T VT S ST U U S WU OO S TN WOr- -~ WD D W B T Y
2360.2340. 2320. 2300. 2280. 2260. 2240. 2220.
DISTRUN KM Z VAR- OXYGEN ML/L

.0F
S5t o L

—\—j36. 60 @GSM

e —————

PR IR ST T ST T U SR VU WO S HNT UL YU ST TN (NN VU WO TR SN N SO SO TN S S S |
2360.2340. 2320. 2300. 2280. 2260. 2240. 2220.
DISTRUN KM Z VAR- SALIN PSU

PR T UNUN TN ST TN UV SR WS N WA WA U SN ST UPHS AU ST SHN S SN U WA THUN TN T R S |
2360.2340. 2320. 2300. 2280. 2260. 2240. 2220.
DISTRUN

KM Z VAR- SNDVEL M/S

S N R L I A W W I I 0 I S W W

i i
28.8 28.6 28.4 28.2

LONGITUDE
LATITUDE



DB

PRES

DB

PRES

DB

PRES

S0.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

GRFAS2L9 RUN 2 LEG S

- 60 -

—_—
25
- "’—\ /___

———'_-‘]8

UGG WO YOO SN NN ST G WU WONY AN UN SN N WS AN U TS TR S W't
23402360. 2380. 2400. 2420. 2440.
DISTRUN KM Z VAR-

PR N SR T VN N WY SURE N W TN WA N S Y

a1
2360. 2380. 2400. 2420. 2440.
RUN

Zz

VAR-

:u/’—-\h"—_
25.4
IS T U W S WD N S TN S S VU G TN U T NS T G U
23402360. 2380. 2400. 2420. 2440.
DISTRUN KM Z VAR-
LA i aa i nnnnnnnnn i ..........
~70.4 -70.2 =70

POTEMP

SALIN

SIGPOT

DEG.C

PSU

KG/M3



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

50.

100.

150.

200.

250.

300

GRFAS2LS RUN 2 LEG 9

—

—’\ ~ 4.5 —"
A-

—~ ) ’
[~ e 4.5—-4

- <
(o)
<
llllll(lllllllllllilll
23402360. 2380. 2400. 2420. 2440.
DISTRUN KM Z VAR-
5
o} o

—

\/_\_—-_—_\——

o+ —_—
——_\-\__35.55‘—
I —

5 PEETTET U NS Ly GRS U0 S SO S S T SN0 A ST SR T Y
23402360. 2380. 2400. 2420. 2440.
DISTRUN KM Z VAR-

., O S G U U W TS S WA S VS VU T WD S SN S S S 'Y
23402360. 2380. 2400. 2420. 2440.
DISTRUN KM Z VAR-

-70.4 -70.2 -70.

-70.6
LONGITUDE

OXYGEN

SALIN

SNDVEL

ML/L

PSU

M/S



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 62 -

GRFAS3L1T RUN 3 LEG 1

FURS SN T U T S W TN WA NN SN U AN WA AU WD WK VAN VY D VRN GRS VU SN N N S SN VU NN N NN WS W U WS ST S U V000 HUN S T S S S S S 1
3980.4000. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
DISTRUN KM Z VAR- POTEMP DEG.C

TN WD OO T [ TR SHUN S SO SN0 OO VU W0 S5 SV WU A TN VY [T URNY T VOUND SN SN TN SN WO L VN (NN TNNON NOR0T SO WO (Y SHD T U SN (N W SR WY NN VU SO W W
3980.4000. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
DISTRUN KM Z VAR- SALIN PsSuU

-
TN T U S [T VUL VU W VA Y Y G T [ WO W S S IO UYWAY VNN NN WU S U S (AT S ST WOU S SN0 SN SO U M SN N SO O

U N S T |
3980.4000. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
DISTRUN KM Z VAR- SIGPOT KG/M3
T L o & e e
) LONGI TUDE LONGITUDE LONGITUDE LONCITUBE T69-4

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

GRFAS3L!1 RUN 3 LEG 1

| W WOOT AT U TN WU SR S S MU U SN SR SN IUR WA SRS VU W NS W00 W 1 PO WS SN O R ST T ST SN (NN SOURY N SO NN SN0 O S T}
00. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
STRUN KM Z VAR- OXYGEN ML/L

5

PO NN U YT ST VN SOS NENN ST VO U SN A T ST U SN NN S TS S YO NNAS TN VS VNN WD GO UOUNN T S S N W SU WO S HA S RO T WU N WO T W |
26'53980-4000. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
DISTRUN KM Z VAR- SALIN PSU
c.
50.
100.
150.
200.
250.
300. 2 '
3980.4000. 4020. 4040. 4060. 4080. 4100. 4120. 4140. 4160. 4180.
DISTRUN KM Z VAR- SNDVEL M/S
llilllllll!llill)AllLLli nnnnnnnnn iAAAnanA Alnnllnli nnnnnnnnn i AAAAAAAA Lij
28.2 ~69.4 - -69. -69. -69.2 ~-69.4
LONGITUDE LONGITUDE LONGITUDE LONGITUDE

LATITUDE



DB

PRES

bB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

Sa.

100.

150.

200.

250. +

300.

- Hd -

GRFAS3L2 RUN 3 LEG 2

—

20-

I TUUND S G U SRS T TR Y AU W0 S T S [ YA U W S T SNNNS ST SHS WO (S T ST ST TR NN OO0V T S U S S WA SN NN SR WA ST YO A WA Y N Y ST T
4160 80. 4200. 4220. 4240. 4260. 4280. 4300. 4320. 4340. 4360. 4380.
DISTRUN KM Z YAR- POTEMP DEG.C

ST G T VST WO VRO VU W T TN TR VU N T TN SO0 S N T YOS TS WA N VT G S WA G SO WA S Y AN ST SN N U S VA AT N ST ST S O
0. 4200. 4220. 4240. 4260. 4280. 4300. 4320. 4340. 4360. 4380.
KM Z VAR- SALIN PSU

o
o
P-S

Zw

— _/’_—-26-4-_\

¢L11111|lJJxlll11|xl|Al|l1llxllll:lllllllAllllAlAln|||
4160.4180. 4200. 4220. 4240. 4260. 42B80. 4300. 4320. 4340. 4360. 4380.
DISTRUN KM Z VAR- SIGPOT KG/M3

e ey U P T P PR AN
LONGI TUDEDNG TUDE LONGITUDE ) ) " 272 - 26-8

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

S0O.

100.

150.

- B -

GRFAS3L2 RUN 3 LEG 2

200.

250.

300 Al||l||1|I|||Al||||||1ljl||Anl|AA1[|11LIAA;|I||111|A||
*4160.4180. 4200. 4220. 4240. 4260. 4280. 4300. 4320. 4340. 4360. 4380.
DISTRUN KM Z VAR- OXYGEN ML/L

24.5

- CONIET S TN —"j:::::::-——-36.60 =

26. 5 e 500 4520, 4340 4260, 4380, 2300, 4320. 4340. 4360, a380.
DISTRUN KM Z VAR- SALIN  PSU

0.

50.

100.

150.

200.

250.

300 TSR WO AT S U T SN TR VUV NNON S SHN TR SO (S VAT TN SHND SR (NN VAN SRS SN U SN TS SR WOUNY GRS SU ST SR SN NN SU TN VRN SR (SR SIOUT WA TR VAN UV U W GOU A S N S B

‘4160.4180. 4200. 4220. 4240. 4260. 4280. 4300. 4320. 4340. 4360. 4380.
DISTRUN KM Z VAR~ SNDVEL M/S

] 3 [ I I L .i .A.A....i‘,
27.8 27.6 27 .4 27.2 27. 26.8

LATITUDE

|
-69.4 -69.4 -69.4
LONGTTUDEDNGI TUDE LONGITUDE



DB

PRES

DB

PRES

DB

PRES

SO.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

GRFASS3L3 RUN 3 LEG 3

) VU T WA S SN VA VA WA SR T N ST VA SN SO AT WS SN SHNT T S TR SN VAN WA SN WO WD ST G Y VNN T SN SN (T SANG NN DU N NN T G S 1
60. 4380. 4400. 4420. 4440. 4460. 4480. 4500. 4520. 4540.
N KM Z VAR- POTEMP DEG.C

N IR TR NS WD S WY T SN S VO W WY WY TN SN SN WO WAD SN (NN WY SU00 WA S WS N AN AU WS (S S UG ST U NN SN M SN N U0 WY SN N N N N SN Y
4340.4360. 4380. 4400. 4420. 4440. 4460. 4480. 4500. 4520. 4540.
DISTRUN KM Z VAR- SALIN PSU

YIRS W Y S TR SN VR W U S N T SN DT U T SN VA WA WA NNY T SN SN VU SN TN N T SNU AT U MATHN U TN T

4 1
4340.4360. 43B0. 4400- 4420. 4440. 4460. 4480. 4500. 4520. 4540.
DISTRUN KM Z VAR- SIGPOT KG/M3
S bt g1 illll.l..ll‘ “““““i ......... i ......... i ......... illllllllli ......... illjl
27 26.8 £569.6 -69.8 -70. -70.2 26.8 27. 27.2
LONGITUDE

LATITUDE LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

GRFAS3L3 RUN 3 LEG 3
o (J - _
i} * D <::3 7 Y

-

L ~—3.0 —
' J)m/o//\ip ﬁ

PR O U N U N U U ST U U TS WA VU U SH VA TN TN VNS VT WHAN SO0H SO VAN VA WA WU NN S YT VS SO N TR SANY TS AW SO0 ST S S 1

U W T |
4340.4360. 4380. 4400. 4420. 4440. 4460. 4480. 4500. 4520. 4540.
DISTRUN KM Z VAR- OXYGEN ML/L

AU S T U A S TR WU ST T N T S ANUE VU TR SN W T U ST WOUT SO SN SN ST SUND NN NN WA N SN SN [N TURY VUUR TR SO AT SN TR ST A [ WY G S 1
26-5 4340.4360. 4380. 4400. 4420. 4440. 4460. 4480. 4500. 4520. 4540.
DISTRUN KM Z VAR- SALIN PSuU
0.
50.
100.
150.
200.
250.
300.|1111111|l|ll|||||||AlAJllAllllnx|l|||1l|1|111111
4340.4360. 4380. 4400. 4420. 4440. 4460. 4480. 4500. 4520. 4540.
DISTRUN KM Z VAR- SNDVEL M/S
I I " L A P e I e =
27 26.8 69.8 -70. -70.2 26.8 27. 27.2

26.969.6 -
LONGITUDE
LATITUDE LATITUDE



DB

PRES

DB

PRES

DB

PRES

_ 68 -

GRFAS3L4 RUN 3 LEG 4

50.

100. -

150. -

200. -

250. |

RN WU S (SO0 UUNY TN N W HNN SRS TN S W N SN SURS W WUNS NN A GHEY NEAN SR NENN TR AN SR SENN NN SN SN GHNN N NS SN SR I NV N T NN NN 1
300 550.2700. 4680, 4660. 4640. 4620. 4600. 4580. 4560. 4540.
1 N KM 7 VAR- POTEMP = DEG.C

50.

100.

150.

200.

250.

PN SO S NANF AU A W00 S00 ANAS WS A SR S AN SHNY S WS W SN U U ST S VAN VUU WA T SN (N SR SN SO SN SO SN S ST NN ST SN ST S ¥
300. 20.4700. 4680. 4660. 4640. 4620. 4600. 4580. 4560. 4540.
STRUN KM Z VAR- SALIN PSuU

S0.

100.

150.

200.

250.

) SN N YO W WA T S OO [ ST Y WOR W W WA ST VU T A T S WA ST SR WS N S S WS VO D S VY
720.4700. 4680. 4660. 4640. 4620. 4600. 4580. 4560. 4540.
I N KM Z VAR- SIGPOT KG/M3

300' L1

nnnnnnnnnn

LATTITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

- 69 -

GRFAS3L4 RUN 3 LEG 4

0.
A g K_J

50.

100.

150. 1 -

200. D
L o

250. (\" _ ' /

P

300 1\1|I|1|Ale|:I1|11L|| RS T TR U TR TN U SRS SN TS VOO NN SHN N S T N TS T U B
" 4720.4700. 4680. 4660. 4640. 4620. 4600. 4580. 4560. 4540.
DISTRUN KM Z VAR- OXYGEN ML/L

24.5

25.0F

3 —_ —
25.5F _/\Q -
— 5.6
6.0k N\ 35 e
—_——
———36.58

26-5 PR YOS WS RS SR SN ST SN A0 WU SUUN YOS SVUNS NN TS N SN SR (NN SN TN UNNN VAN (NN TANNS SN G Y NN TN SN TN S NS T U SN S SN S S N |
4720.4700. 4680. 4660. 4640. 4620. 4600. 4580. 4560. 4540.
DISTRUN KM Z VAR- SALIN PSU

0.

50.

100.

150. -

200. -

250.

300. JlLllllllLl‘—lllllAlllllllIllllllllllllllllll
4720.4700. 4680. 4660. 4640. 4620. 4600. 4580. 4560. 4540.
DISTRUN KM Z VAR- SNDVEL M/S

LLLLLL lLLLiLLIAIIIllilAlIlllIATJAJlAllAliIllhlllllilllllll|lillllllljlilllll
28.8 28.6 28.4 28.2 28. 27.8 27.6 27 .4

LATITUDE



DB

PRES

DB

PRES

DB

PRES

S0.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

a0 -

GRFAS3LS RUN 3 LEG 5

YIRS S N T TN T S TR S S S (T S A ST N N SN ST S Y S SN YN VN S B T TR B O T

4740.

4760.

4780.

4800.
Z VAR-

4820.
POTEMP

4840.

4860.
DEG.C

4880.

AlllllLlllllIllllllljlijlllllllljllllll

1
.4720.
N

4740.

4760.

4780.

4800.
Z VAR-

4820.
SALIN

4840.
PSU

4860.

4880.

26.4/\26.4”'\
_— —

IAlAlIAIllIlll]lll]|lll|‘llll]llllllllj

1
0.4720.
TRUN KM

4

760. 4780.

4800.
Z VAR~

4820.
SIGPOT

4840.

4860.
KG/M3

4880.

................................................................




DB

PRES

KG/M3

SIGPOT

DB

PRES

- 71 -

GRFAS3LS RUN 3 LEG 5

0.

50.

100.

150.

200.

250.

300~ 4760. 4780. 4800. 4820. 4840. 4860. 4880.

Z VAR- OXYGEN ML/L
24.5
25.0+
>X
25.5F
> ' _
= — S S
60"
26.0F y;
———36.55—" — 36.55 36.55
——— ]

26-5 PR NS T U W S VA WA SN ST TN N SHAE NS W VAN (S VN S SN S T WY NN SHUN S SN TN SHNNS NOUN VU0 NUIY TS S U S VY N S B
4700.4720. 4740. 4760. 4780. 4800. 4820. 4840. 4860. 4880.
DISTRUN KM Z VAR- SALIN PSU

C.

50. +

100.

150.

200. - Q

250.

300. FR SR OO0 W T N TN A VAN G VU WA S T TN ST SN (NN WY WU SR S VU YOO U G TS U0 SO GHS VN SHS S VAN A0 S S U GRS W S §
4700.4720. 4740. 4760. 4780. 4800. 4820. 4840. 4860. 4880.
DISTRUN KM Z VAR- SNDVEL M/S

"""" A T Y D D Y D
-69.8 -69.6 -69.4 -69.2 -69. -68.8 -68.6



DB

PRES

DB

PRES

DB

PRES

S0.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

S0.

100.

150.

200.

250.

300.

GRFAS3L6 RUN 3 LEG 6

T W VAN T G N NS NN UUE N S S SO N

4920. 4940.

4960.

4

| S S T S VA T T S R SR SR I

48804900, 4920, 4940. 4960.
DISTRUN KM

b, N s N
28.8 28.6 28.4 28.2

LATITUDE

- 72 -

Z VAR-

Z VAR-

Z VAR-

POTEMP

SALIN

SIGPOT

DEG.C

PSU

KG/M3



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

SO.

100.

150.

200.

250.

300.

=
26.0%

/)

| I U IO S W NS U VU S M (N VRNY PR W |

4920. 4940. 4960.

~\’_\

| I A W WA UL U SR SN WA N TS S W 1

4920. 4840. 4960.

PR TS VA U0 WS G NN NN S S W G T S S

4920. 4940. 4960.

28.4 28.2

LATITUDE

Z VAR-

Z VAR~

Z VAR-

OXYGEN

SALIN

SNDVEL

ML/L

PSU

M/S



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

2S0.

300.

GRFAS3L/Z RUN 3 LEG 7

, %
- \—/—22-\
22.

40. 5020. 5000. 4980. 4960.
N KM Z VAR-

F U W I S U T |

5020. 5000. 4980. 4960.
KM Z VAR-

[ VO S U S S G T S N B0 W'Y

\d

T

S S W W N U U SN WY SN N VS S S T N R T G
40. 5020. 5000. 498B0. 4960.
N KM Z VAR-

...............................

|
28.2 -68.6
LONGITUDE

LATITUDE

POTEMP DEG.C

SALIN

SIGPOT

PSU

KG/M3



DB

PRES

KG/M3

S1GPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.5

25.0

25.5

26.0

26.5

50.

100.

150.

200.

250.

300.

GRFAS3LZ RUN 3 LEG 7

2

4.0‘
- o
,_LL...{.\.Lll.T—:l...l
S0605040. S5020. 5000. 4980. 4960.
DISTRUN KM Z VAR- OXYGEN
e
. <
- SN = <
-85 >
2 ER\~_J’—_"‘\
L 36.60_—/\
/\_/\_/"‘
—_— \/
U OO0 S T WS WA (NS TN NS TSNS U0 U S T S N G S YN N 1
50605040. 5020. S5000. 4980. 4960.
DISTRUN KM Z VAR- SALIN
N TS TS S R ST B
S060S5040. 5020. 5S000. 4980. 4960.
DISTRUN KM Z VAR- SNDVEL
...... B T S
28.6 28.4 28.2 -68.6
LONGITUDE

LATITUDE

ML/L

PSU

M/S



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 76 -

GRFAS3L8 RUN 3 LEG 8

| IS S SR S KN VAW WS AN NS (N WS SR TR SN S R YUY S

0. S080. S5100. S5S120. 5140.

30 50
STRU

Ot

S
D

s | TR U W S S W 14f‘r1/1/7\>1 1ot

0. 5080. 5100. 5120. 5140.

4
/’_——_-‘E—ZS-

ST S S NN W W W G S :\T~T~] PR S T N U G
50405060. 5080. 5100. 5120. 5140.
DISTRUN KM Z VAR-

........... i-;;. lllll‘lilllllllllilllljlllli
-68.6 -68.4 28.6 28.4 28.2
LONGITUDE

LATITUDE

6
N KM Z VAR-

6
N KM Z VAR-

POTEMP

SALIN

SIGPOT

DEG.C

PSU

KG/M3



DB

PRES

KG/M3

SIGPOT

DB

PRES

SO.

100.

150.

200.

250.

300.

24.5

25.0

25.5

26.0

26.5

50.

100.

150.

200.

250.

300.

GRFAS3L8 RUN 3 LEG 8

0
e L A L
5040 5060. 5080. S5100. 5120. S140.
DISTRUN KM VAR-
-~

%(
- >C
—— e __36.55————
___Q\ o —
PR T S WS N U VRN TR SN NN S W TS WA VN SIS T N W S Y SO T ¥
50405060. 5080. 5100. 5120. 5140.
DISTRUN KM Z YAR-

B
PN T TV S NS T TS NS WS NN S S G 1 AR W S N S W U |
50405060. S080. 5100. S5120. 5140.
DISTRUN KM Z VAR-
-‘_h‘_l—l—Ll—'—u—ﬁ_l—l—l—‘_l—l—rlMﬂ
28.6 28.4 28.2

-68.6 -68.4
LONGITUDE
LATITUDE

OXYGEN

SALIN

SNDVEL

ML/L

PSU

M/S



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 78 -

GRFAS4L1 RUN 4 LEG 1

e o NSNS TN WA VS N SN WA SN TN (S SO YUK U SN NN SN S S WO GO T WHT WS S NN T NN S
5320.5300. 5280. 5260. 5240. 5220. 5200. 5180.
DISTRUN KM Z VAR- POTEMP DEG.C

U T W TS S S S T A Y S WU S A SN SN YUY WA S Y WO SN VT N N N N U Y

o 21
53205300. 5280. S260. 5240. 5220. 5200. 5180.
DISTRUN KM Z VAR- SALIN PSU
2,
6‘_1
TS U S S WG TN OV R AU S U U WS R S N S N S W SN S S N SRR
5320.5300. 5280. 5260. 5240. S220. 5200. 5180.
DISTRUN KM Z VAR- SIGPOT KG/M3
28{3 23[5 23[4 28.2 -68.6

28.
LONGITUDE
LATITUDE LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.5

25.0

26.5

50.

100.

150.

200.

250.

300.

- 79 -

GRFAS4L1 RUN 4 LEG 1

P T U N B R T | (V. il

YU R S T WU TS S T S G )

NN | Ll
0?830. 5280. 5260. 5240. 5220. 5200. 5180.

532
DIST KM Z VAR- OXYGEN ML/L

U RS SN S S A SO U S WU WOUT VO R TN S W SN N WY T VNN TN SNV WA SN SN VN IO SN S G
320.5300. 5280. 5260. S5240. 5220. 5200. 5180.
ISTRUN KM Z VAR- SALIN PSU

B
||l‘llIlllllLllllillll‘l\llllllllll
5320.5300. 528B0. 5260. 5240. 5220. 5200. 5180.
DISTRUN KM Z VAR- SNDVEL M/S
......... iLl........‘....................z.

28.8 28[6 23l4 28

-68.6 2
LONGITUDE
LATITUDE LATITUDE



D8

PRES

DB

PRES

DB

PRES

- 80 -

GRFAS4L2 RUN 4 LEG 2

S0.

100.

150. -

200.

250. -

| IS W N D v G SN S S (Y N WA SN S NIVE VA0 WD SRS VS U NN SN SN S N S
20. 5340. 5360. S5380. 5400. 5420. 5440.
N KM Z VAR- POTEMP DEG.C

300. =

50.

100.

150.

200.-

250.

300.

|
20. 5340. 5360. 5380. 5400. 5420. 54
N KM Z VAR- SALIN P

)

100.

150.

200.

250. |

300. e

) U WY SN T N [T T VAT SN0 W NN WS TS WA N NS TN S S SN (O ST ST W W N

2 5340. 5360. 5380. 5400. 5420. 5440.
N KM Z VAR- SIGPOT KG/Mee3

| ]
8.4 28.8 28.6 28.4
LATITUDE LATITUDE

-68.6 ~6
LONGITUDE



DB

PRES

KG/Mse3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

50.

100.

150.

200.

250.

300.

5340. S5360. 5380. 5400.

Z VAR-

5420. 5440.
OXYGEN ML/L

- -——__-__—J,—’36-6
S
7as.sov3s.so

—’/’—_-\\;
e

;

|

S S IO N U VAUU TS SN T N T

VU W Y T SR U Y SR U A S

|

5300.5320. 5340. 5360. S5380. 5400. 5420. 5440.
DISTRUN KM Z VAR- SALIN PSU

WU WD W T VAU VOO W S (S S G W (A S U W S SIS WO S U N S NN U G U
5300.5320. 5340. 5360. 5380. 5400. 5420. 5440.
DISTRUN KM Z VAR- SNDVEL M/S

-68.6 -68.4 28'- 8 231- 6 28.4

LONGITUDE

LATITUDE LATTTUDE



DB

PRES

PRES DB

1
o
g’
W
o
@
o

T
<j;

<

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 82 -

GRFAS4L3 RUN 4 LEG 3

4

PR WS U S WS N TR WA S VNN W0 VU0 ST UV VU SHUR W U Y U T S VOO YOO SO ST WY RN WU NOUNF TR URNNN TN AN AU T T 1

1
600.5580. 5560. 5540. 5520. 5500. 5480. 5460. 5440. 5420.
I N KM Z VAR- POTEMP DEG.C

\/X/ss 65
v\/\ v 36- 55\_/—-
<

1

I~

P TS W T TN S T U R N S WY U WU S TG S WA U (S U WS SN UG N SN N TN WO NS W SN G SN ST S S |

'l
600.5580. 5560. 5540. 5520. 5500. 5480. 5460. 5440. 5420.
1 N KM Z VAR- SALIN pPsSuU

{
Fi

1
0.5580. 5560. 5540. 5520. 5500. 5480. S460. 5440. 5420.
TRUN KM Z VAR- SIGPOT KG/M3

| | |
28.8 28-8 28.6 28.4

-68.6 -68.4
LONGITUDE
LATITUDE LATITUDE LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

@
<

PRES

S0.

100.

150.

200.

250.

300.

24.5

25.0

25.5

26.0

26.5

50.

100.

150.

200.

250.

300.

- 83 -

GRFAS4L3 RUN 4 LEG 3

T

T

T

| I S S G I TG S G Y U

FRUNS WO N T I NN T S S SN SIS GHAY UG U WON FUAE N VA SN N SO S |

i 1 .
600.5580. 5560. S5540. 5S5S20. 5500. 5480. 5460. 5440. 5420.
I N XY ML/L

KM Z VAR- OXYGEN

| :/— </36'65\L@f -
== =X - 3s.

T~ 36.60 36. 60
__\/——\ 2

i
(I

ﬁ

PG WY WS W TS U S SN U0 UV WA TR GO WA W WU WA TN SO U SN WS SV VAN SN T SN T S NN SN N SN T N T N

1
600.5580. S5560. 5540. 5520. 5500. 5480. 5460. 5440. 5420.
1 N KM Z YAR- SALIN PsSu

T

L
5600.5580. 5560. 5540. 5520. 5500. 5480. 5460. 5440. 5420.
DISTRUN KM Z VAR- SNDVEL M/S
_J.J_J—,_LL—I—I
28-8 28.8 28.6 28.4 4

-68.6 -68.
LONGITUDE
LATITUDE LATITUDE LATITUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 84 -

GRFAS4L4 RUN 4 LEG 4

U GRS U WA W VU T TN WA (T VUK VU TWUUS S0 SN S TN SV UAE U VAT WU WA O UUNY WIS T A 1

1 i
5580.5600. 5620. S5640. 5660. 5680. 5700. S720.
DISTRUN KM Z VAR- POTEMP DEG.C

RS WS (T TR YK NN U (Y VNN AN SN T NN TN S VOSSO SRR WD UUN WAV SN NN SN W SN WO U SO N S Y
5580.5600. 5620. 5640. 5660. 5680. 5700. S5720.
DISTRUN KM Z VAR- SALIN PSU

FI |
5580.5600. 5620. 5640. 5660. 5680. 5700. 5720.
DISTRUN KM Z VAR- SIGPOT KG/M3
......... illlllllllilllllllllilllllllllil
28.8 28.6 28.4 28.2

-68.6 -68.4
LONGITUDE

LATITUDE



DB

PRES

KG/M3

SIGPOT

DB

PRES

50.

100.

150.

200.

250.

300.

24.5

25.0

25.5

26.0

26.5

50.

100.

150.

200.

250.

300.

—

G R S U (NN T Y TN TS VUS SEE T SN NN S WS 1

| 1
00. §5620. 5640. 5660. 35680.
N ZV

/‘
W S N S TR WU T SN ST ST WU WD N SUON SO G S SN T GV SN S SN0 N T U T ST S S
5580.5600. 5620. 5640. 5660. 5680. S700. 572Q.
DISTRUN KM Z VAR- SALIN PSU

PR O S TOUNS A S S T T T T W NN SN T VOO TN ST S IONY S YO Y S T S T A O A A
5980.5600. 5620. 5640. S5660. 5680. 5700. 5720.
DISTRUN KM Z YAR- SNDVEL M/S

.........................................

-68.6 ~68.4
LONGITUDE
LATITUDE



DB

PRES

DB

PRES

DB

PRES

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

50.

100.

150.

200.

250.

300.

- 86 -

GRFAS4LS RUN 4 LEG S

TE Y S W Y N TN SN T A TNOC WY TS WIS (NN SN SN TN G (NN VO WY Y S (Y T S WY S S

i
40. 5820. 5800. 5780. 5760. 5740. 5720.

586058 5700.
DISTRUN KM Z VAR- POTEMP DEG.C

-

—

T N VR TOUOY U S (NN TR ST SOONN NV VU SN N U YUt (A S SN S S NN SN ST UHON NN (NN S S W WO A
5860.5840. 5820. 5800. 5780. S5760. 5740. 5720. 5700.
DISTRUN KM Z VAR- SALIN PSU
i ~

TR Y N VA SR T S T WA WU VNN AT S VAT W N VUL S0 ST SO0 VY WU WO S N Y AT SAT O
5860.5840. 5820. 5800. 5780. 5760. 5740. 5720. 5700.
DISTRUN KM Z VAR- SIGPOT KG/M3

i ............................ Lgaaid s I

29. 28I-9 23]-5 28[-4 28}-258-5 -68.4
LONGITUDE

LATITUDE



bB

PRES

KG/M3

SIGPOT

DB

PRES

S0.

100.

150.

200.

250.

300.

24.

25.

25.

26.

26.

50.

100.

150.

200.

250.

300.

GRFAS4LS RUN 4 LEG 5

T SO WO WIOOE NN U T TS TR SN TR SO TUONN WS NN SR NS WY W SO WO SN ST NN IO O G S S MY

. 5820. 5800. §78B0. 5760. 5740. 5720.
KM Z VAR- OXYGEN ML/L

P S A U (SIS0 VU S WS S SN W VOO0 SN W T WY WA SO SN N TN G NN SN N SN Y U G

. 5820. 5800. 578B0. 5760. 5740. 5720.
KM Z VAR- SALIN PSU

TS TS T WA [ T U WU T N TN ST VRS S SN SR SN S WY SN SN S SRS Y W U ST RN

5820. 5800. S5780. 5760. 5740. 5720.
KM Z VAR- SNDVEL M/S

..........................................

3
28.8 28.6 28.4 28.268.6 -68.4
LONGITUDE

LATITUDE




DB

PRES

DB

PRES

DB

PRES

50.

100.

150,

200.

250.

300.

50.

100.

150.

200.

25C.

300.

50.

100.

150.

200.

250.

300.

- 88 -

GRFAS4LE6 RUN 4 LEG 6

STV SR YUK TS VRN N0 VN IO WS JOU NG WS VU UAO0t NV WU S0 WU VA IO WAURY WOT S TN VU SN SN TS SN NNNE W WD S NS N SO W G 1
5840.5860. 5880. 5900. 5920. S5S940. 5960. 5980. 6000.
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Appendix A

CTD casts

At the end of the cruise immediately after the SeaSoar was recovered
at the end of Run 5, six CTD casts to 2000 m were made around the moored
array (Fig. 12 and Table 5). The data are poor, but are of particular
interest because of their proximity to the FASINEX moored array, so are

included here, with reservations.

The oxygen sensor came loose, causing jittery worthless data. Oxygen

has been deleted from the files. The remaining sensors were calibrated as

follows.
P(dbar) = 0.1*P(raw)
(default calibration)
T(°C) = 0.000499516*T(raw) + 0.026
(from laboratory calibrations)
C(mmho/cm) = 0.993465*C(raw)

The conductivity ratio was chosen such that downcast T/S curves from

the CTD fitted closely the SeaSoar T/S curves for Run 5. It was then noted
that upcast salinities were about 0.016 psu fresher than downcasts.
Examination of salinity profiles near the bottom of each cast showed that
salinity jumped back and forth between two values, settling on one for
down, the other for up. The cell is clearly suspect, but has been

calibrated and corrected as far as possible as follows.

Salinity samples were taken on all upcasts at 2000 m, 1500 m and 10 or
50 m. Because upcasts differ from downcasts, and we require calibration of
downcast only, the potential temperature was read at the time the bottle
was taken, and the downcast salinity at the same potential temperature was
compared with the bottle salinity. Calibration statistics are then

S(bottle) - S(downcast)
(ppm = 1000*psu)

depth No. in sample mean Standard deviation
m bpm ppm

10-50 5 10.4 7.3

1500 6 -56.5 7.9

2000 6 -48.8 11.2



Matching CTD to SeaSoar salinities has minimised the calibration
of fset in the surface layers (the CTD/SeaSoar comparison only extends to
300 m of course), and we conclude (compare section 2.3(e), page 10) that

SeaSoar and shallow CTD values are perhaps 0.010 psu too fresh.

The 1500 and 2000 m values are seriously off, confirming that the
conductivity cell is bad. Unfortunately, we have only two samples between
50 and 1500 m. CTD and SeaSoar traces overlap within 5 ppm to the SeaSoar
maximum depth of 300 m, and the T/S curve has only a few ppm spread at that
depth. Also, on the first cast, samples were also taken at 300 m and

1000 m, and give offsets of -18 ppm at 300 m at -59 ppm at 1000 m.

For the purpose of this report, we have made the following, arbitrary

corrections to the CTD salinities.

pressure correction made to CTD salinities
0-100 dbar +0.010 psu
100-700 dbar +0.010 - .0001*(p-100)

{i.e. .010 change per 100 dbar)
Below 700 dbar -.050

Plots and listings of downcasts incorporating these corrections are

given in the following pages.
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TABLE 5

cast start time end time latitude longitude
day/HHMM day/HHMM ({N) (W)
1 67/1312 ©7/1448 26°29.0" 69°56.2"
2 67/1657 67/1826 26°56.0" 70° 8.8
3 67/2044 67/2207 26°55.0" 69°37.6"
4 67/2347 68/0108 27° 8.8 69°53.6"
5 68/0245 68/0408 27°23.6" 70° 8.7
S| 68/0622 68/0744 27°23.5" 69°37.0°
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