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Turbulence Measurements and Turbulent Scaling in the Antarctic Circumpolar Current

This cruise was designed to collect the first microstructure measurements from the
Southern Ocean in the Antarctic Circumpolar Current and to compare these with the
internal wave activity. Bunyip was deployed as often as logistically possible and in
between Bunyip tows, expendable current profilers (XCPs) were dropped and CTD
stations occupied:- all subject to the prevailing conditions.
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Cruise Narrative

We were a few hours late leaving port due to having to wait for some gear to
clear customs in Hobart, and also a minor problem with the ship. After leaving port we
steamed for Maatsuyker Island to recover a buoy for Andrew Forbes. We arrived at the
site at 1930 and looked in good conditions for 30 minutes. There was no sign of the
buoy.

We then set course for 52°S 152°E and steamed for two days to arrive at this
position. On the way we conducted one trial CTD station and a short XBT section
from 51°S to 52°S. At 52°S the surface temperature was about 7°C and we were
obviously not far from the Antarctic Convergence. Here we did a set of a CTD (#002),
an XCP (eXpendable Current Profiler, #3301) and another CTD (#003) followed by -
the first deployment of Bunyip. Unfortunately this Bunyip tow lasted only 20 minutes
before water was detected inside the microfish pressure vessel and the tow was
abandoned. The leak had come from one of the seven sensor connectors, and Jan
reassembled these with RTV in the O-ring grooves.

By midday Saturday 9th March we had steamed back to our original location of
52°8 152°E where we repeated the CTD, XCP, CTD routine (#0305, #3303, #006,
respectively), and in the early evening, deployed Bunyip for the second time. To our
disbelief, the microfish pressure vessel had drank a few tablespoons of water when it
was first powered up after deployment. This turned out to be due to a slightly loose
bulk-head connector which did not place sufficient pre-compression on its O-ring.
After correcting this fault and doing one more CTD (#007), Bunyip was redeployed
(tow 3, see the attached tables of the tows for this cruise), and we towed for 11 hours
without incident. We put out a total of 3250 m of cable (2850 of unfaired cable) and
achieved a tow depth of 600 m at 8 knots. There was considerable turbulence on this
tow and even the new, and as yet rather noisy, fast thermistor sensor (FP071) showed
some patches of high temperature gradient variance, ¥, that coincided with the high
patches of conductivity gradient variance.

After tow 3 we did another CTD, XCP, CTD sequence (#008, #3304, #009,
respectively) and deployed Bunyip for the fourth time, still towing to the south. The
pre-Bunyip CTD cast (#009) showed that there was almost no vertical gradient of
potential temperature below about 350 m, so this tow was relatively shallow, with the
microfish ranging between 120 m and 330 m. The S-6 structure of these Bunyip
profiles was very interesting and showed much intrusive activity between contrasting
water masses, with the cooler and less saline water being to the north. The isopycnals
sloped down to the south and the ADCP-derived velocity swung around as we travelled
south, all pointing to the fact that we were in an eddy. The mixing activity was quite
low all along this tow. At 0527 local time on Monday the 11th March we turned to the
east, along 55°S and continued tow 3 for six more hours without escaping the cluiches
of this eddy. Upon recovering Bunyip, we made good some further distance to the east
so as to be clear of the eddy.

The next CTD, XCP, CTD sequence (#010, #3305, #011, respectively) took
place at about 55°S, 154° 48°E, followed by the fifth Bunyip deployment, towing to the
north for 17 hours at a series of different depth ranges down to a maximum depth of
720m. The turbulent activity was now largest near the surface and decreased with
depth. Near the end of the tow, tCond]1 speared a fish of some kind and its data is
useless. There was feverish thermoclinic structure on this tow at all depths. Interfacial
temperature contrasts of in excess of 1°C were not uncommon. This looked like
double-diffusively driven intrusions. '




Then followed CTD, XCP, CTD (#012, #3306, #013) at about 53°S, 155°
30’E, then the sixth Bunyip deployment, towing to the north for 8.5 hours and then to
the southwest for a further 9 hours. These tows were at a series of different depth
ranges down to a maximum depth of 720m. The only significant turbulent activity was
found at about 450 m. Interleaving activity between contrasting water masses was
again very prevalent.

Just before the recovery of Bunyip tow #6 the wind picked up, gusting to 40
knots, and we did no work for the afternoon of Wednesday 13 March. Early the next
morning we managed four CTDs (#014-#017) and two XCPs (#3307 and #3308) but
the wind again increased from the west before turning to come more from the north.
During this blow we decided to gain some northings and did so at a rate of about 1.5
knots. A group of about 50 pilot whales joined us for a while, letting Franklin take the-
lead, with a group of 25 to each of the port and starboard quarters.

We started work again at 1030hrs on the 15th, doing CTD stations #018 and
#019 with XCP #3309 in between. Then we towed Bunyip eastward for 18 hours
along 52°S, reaching a depth of 800m with 3500m of cable out at 6 knots. There was a
curious lack of lateral interleaving between 250m and 350m and the density ratio, Rp,
was quite low in this depth range. This was observed for two lots of two hours,
separated by 10 hours. At the end of this tow we did two CTDs (#s 020 and 021)
separated by an XCP (#3310), then started heading west so that we could later tow
with the waves, towards the east. This westward steam took 48 hours during which
we twice had winds of 80-85 knots for more than an hour. The second time the wind
shifted from northwest to south west in the space of a few minutes, creating a very
nervous time on the bridge. The skipper was on watch and managed to keep the ship
pointing into the changing wind, but not without drama. All hands were woken and we
spent an hour from midnight Monday morning dressed in warm clothes and wandering
around the ship carrying our survival suits.

At 1400 Monday 18th March we did a CTD (#022) and an XCP (#3311) at 52°
30°S, 152° O0’E intending to start a ime-series of CTDs and XCPs for an inertial
period, but the first CTD showed that we were a little south of the main ACC axis, so
we steamed a degree further north where we did seven CTDs (#023-#029) and seven
XCPs (#3312-18) spaced 2 hours 33 minutes apart (one sixth of the inertial period).
The aim of this time series is to determine what fraction of the vertical shear signal is
caused by internal waves of near-inertial frequency, and to find out if these waves are
propagating vertically upwards or downwards. Then we deployed Bunyip for a 12-
hour eastward tow that was ended by the detection of water in the pressure vessel.
There followed CTD, XCP, CTD (#030, #3319, #031) at about 51° 30’S, 156° 05’E.-

Wednesday evening 20th March saw the 9th tow begin southwards from 50°
33’S, 154° O1’E. This tow lasted only ten hours because of the unsolved water leak.
At the end of this tow we used our last XCP. Thursday evening saw a repeat of
Wednesday’s pattern with the microfish pressure vessel stll proving to be leaky. This
tow was on the heading 335° beginning at 51° 43’S 153° 55’E and ending at about 50°
26’S 153° 23’E. Around midnight we were treated to a fantastic auroral display with
bright streaks of red, white and hints of green that shafted their way from one horizon
to directly overhead and then to the other horizon.

Bunyip tow #11, to the southwest, began on Friday afternoon 22 March and
went until midnight, again foreshortened by the water leak. There was some weak
contrasts in water masses at the 200-400m level that did not show much intrusive
activity. Given the prevelence of such intrusions when the contrast between the water
masses is large, perhaps this means that double-diffusion was not strong enough to
drive the intrusions against other competing mecanisms when the water-mass contrast
is weak. ,




Bunyip tow #12, to NNW, began early Saturday momning and ended at midday.
In the 200-400m region the isopycnals sloped significantly, the surface current was 0.7
m s~! to the west, and there was intense turbulent activity there. When the isopycnals
flattened out later in the tow, the turbulent activity subsided. At the end of this tow
three water leaks were spotted on the outside of the carbon-fibre pressure vessel.
These were presumed to have caused all our leak problems in the past few days. At the
end of this tow we did a CTD to the bottom at about 4100 m. Bunyip deployment #13
was made steaming in a direction towards Hobart, and to our surprise, the pressure
vessel continued to leak. Perhaps it was residual water that was being squeezed-out
under pressure. This tow lasted nine hours and ended before breakfast on Sunday 24th
March, followed by a CTD to the bottom at 3000 m. Tow #14 lasted for 18 hours and
was also made in the direction of Hobart and again water accumulated inside the
pressure vessel.

Summary of work completed

Overall we did 14 Bunyip tows, 50 CTD casts, and 21 XCP drops. Bunyip
spent 160 hrs (6.5 days) in the water with little biological contamination of the
turbulence sensors, giving 100 m of turbulence data. We lost no more than three days
to bad weather which was more favorable than our expectations. Most of the
expendable current profilers seemed to work, and together with the turbulence data, we

should be able to avhieve the cruise obj ctives of deducing the strength of vertical
mixing processes in this region.

N

Attachments

Computing Report
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Table of Bunyip deployments #1 - #14 (4 pages).
Cruise Track |

An example of intrusive activity ona § -0 diagrém.
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Computing Report - Lindsay Pender ‘ .

The three week cruise went without any major incidents of note. Worthy of comment
however are the following:

1. The EPROM from micro2 had to be replaced with that from micro5 which was under
test, inorder to keep correct time.

2. There is some evidence that the calender clock is running slow when the power is
off. '

3. At 03:50 on 22-mar-91, microl was totally dead with no diagnostic messages. It
could not be restarted from the console. When powered off and on again there were no.
more problems and the micro continued without fault for the rest of the cruise.

4. More magtape write rings need to be kept on board to enable a reasonable number of
scratch tapes to be initialized in advance. I suggest at least 10.

5. VAX Exabyte MUAQ: produced a fatal drive error when initializing a tape using
EXA_INIT. This problem was solved by doing a power down/up sequence on the
Exabyte units. The same problem reappeared when initializing tapes for the second part
of this cruise (EZ).

6. The Bunyip data aquisition system on a Sun 3/160 is working very well, and apart -
from a couple of fine tuning problems, can be considered complete.

~




v

FRANKLIN CRUISE REPORT FR@3-91
PHILLIP ADAMS
DATE:31-83-91.

CTD
The oxygen sensor failed.No spares available.
MET STATION

The met station temperature has an +8.4 degC error at 8 dégC.Ther'e is a—-18hPA .
offset on the pressure sensor.

THERMOSALINOGRAPH

Prior to the cruise the shutout valve was removed from the line fo
the TSG header tank.This was in response to an occasional problem with
temperature drift during CTD stations.The problem did not occur during
the cruise.

MICRO 2

Micro 2 would not maintain correct time.The xtal oscillator board
was replaced(the spare was found to be faulty,and was repaired),swapped
roms from micro 5 error 61 appeared,cleaned contacts on wiring loom,unit
functioned correctly.The roms from micro 2 are now in micro 5 and
correctly set up.

TRIMBLE NAVTRAC GPS

The GPS display and keyboard locked up while attempting to enter
waypoints,two vertical lines appearing on the screen.The waypoint memory
was corrupted.Now when entering waypoint,1 part of the screen(top
right)disappears.The unit is under warranty and should be returned for
inspection.

TRICYCLE

The tricycle fell off the wire damaging one wheel and preventing it
from rotating,it also caused a large offset to appear in the output.This
was removed by adjustment.Later in the cruise the output became very
noisy and the unit had to be removed,a faulty regulator was replaced.The
unit should be repaired and recalibrated prior to the next cruise.

CABLE METERING SYSTEM

The metering system worked well giving accurate displays of strain
and velocity however there was a large cableout offset at the end of
each cast.The magnetic ring was spaced out from the wheel fixing the
problem. '

The display was difficult to read at times,and the numbers were too
small for the winch operators to read easily in certain conditions.A
larger display should be installed prior to the installation of the new
CTD system.

_——



The maximum tension indicated at 4488meters was .7 - 1.1 tonnes
this was achieved in flat seas with minimal ship movement.

The unit was calibrated during the cruise for both cable out and
velocity,the final config values were

‘ ‘ii Cableout(CGAIN)=8.15733
L Velocity(VGAIN)=104.5146
il Tension(TGAIN) Not changed

| BUNYIP WINCH - A e

The slipring assembly became intermittent and required servicing.
The unit was disassembled,cleaned and refilled with clean mercury.It
gave no further problems during the cruise.

BUNYIP MAINFISH

Large amounts of data was being lost making the system
inoperable.The mainfish cable interface board was swapped with the
microfish(including the external inductor),fixing the problem.Unable to
fit the large inductor into the mainfish,two smaller inductors were

connected in series on the existing board which was taped to the power
supply module.

MISCELLANEOQOUS

The ship's sullage tank overflowed into the GP lab via the sinks.The LA
108 printer paper suffered minor water damage and the Microscope case
and power supply got wet.Both were cleaned and dried out.A bracket to
store the case above the floor will be drawn up and given to the
workshop to manufacture during the next shore period.

MAINTENANCE WORK PRIOR TO NEXT CRUISE
1 Repair and calibrate Tricycle.
2 Calibrate Met station pressure and temperature.
‘ 3 Install new display on bridge for cable metering system.
3{‘3 4 Install mounting bracket for GO block in hold.
“ 5 Finnish installation of shelving in laundry store.
6 Install new ctd system if operational.
i 7 Remove CTD units and check all underwater connectors.
i 8 Check spare CTD boards.
il 9 Install cable metering system on hydro winch.
T: 18  Make storage box for tricycle.
‘ 11  Work shop to make 5 each resealable storage boxes for data and
audio tapes.
12 Spare parts storage boxes.
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42°S

54°S

*'.'-‘»—

Mar zs

Mar 25

Mar 7

Mar 24

Mar 23
Mar 22

Mar 8

g Mar 20

150°E

156°E




Lat 51 31.05S Long 152 40.16 to 152 44.95E

pressure: bold = 300.000: interval = 50.000

1 7.4 f—

72—

Theta

6.6 t—

6.4|—

|

T

I

l

34.18

34.20

34.22

34.24
Salinity

34.26

34.28




