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1.1 SCIENTIFIC PERSONNEL

These came from University of East Anglia (UEA), Southampton University and National
Oceanography Centre (NOCS), Woods Hole Oceanographic Institution (WHOI), and the
British Antarctic Survey (BAS), as follows:

PSO Andy Watson UEA
Physical Oceanography Penny Holliday NOCS

Jean-Baptise Sallée BAS

Emily Shuckburgh BAS
David Smeed NOCS

Christopher O'Donnell UEA
Peggy Courtois NOCS
VMP Alex Brearly NOCS
Katy Sheen NOCS

Tracer measurements Marie-José Messias UEA
Jim Ledwell WHOI

Stephen Woodward UEA
Brian Guest WHOI

Andrew Brousseau UEA

Neill Mackay UEA
NMF technical support Terry Edwards NOCS
Christopher Barnard NOCS

BAS technical support Johnnie Edmonston (ITE) BAS

Paul Woodroffe (AME) BAS



1.2 SHIPS PERSONNEL

Graham P Chapman
Timothy S Page
Simon D Evans
Peter J Rosewall
John Summers
Charles A Waddicor
David J Cutting
Glynn Collard
James C Ditchfield
Steven J Eadie
Simon A Wright
Nicholas J Dunbar
James S Gibson
Frances E Colgan
George M Stewart
Derek G Jenkins
Clifford Mullaney
Colin J Leggett
John P O'duffy
John J Mcgowan
Phillip J Inglis
Mark A Robinshaw
lan B Herbert
Keith A Walker
Barry D Hoult
Kenneth Weston
James Newall
Derek W Lee
Thomas R Patterson
George W Brown
Paul A Cuthill

Master

Chief Officer
2nd Officer
3rd Officer
Deck Officer
ETO (Coms)
Chief Engineer
2nd Engineer
3rd Engineer
4th Engineer
Deck Engineer
ETO (Eng)
Purser
Doctor
Bosun
Bosun's Mate
SG1

SG1

SG1

SG1

SG1

MG1

MG1

Cook

2nd Cook
Senior Steward
Steward
Steward
Steward
Cadet

Cadet



1.3 DIMES OBJECTIVES

JR276 was part of the DIMES project, “Diapycnal and Isopycnal Mixing Experiment in the
Southern Ocean”, which is a joint UK and US project, funded by the National Science
Foundation in the US and NERC in the UK. The objective of DIMES is “to test and, if
necessary, redefine the present paradigm of Southern Ocean mixing by obtaining the first
systematic measurements of mixing processes in two contrasting regimes (the SE Pacific and
the SW Atlantic) of the Antarctic Circumpolar Current (ACC)”. The methods used are (1) the
release of an inert chemical tracer, CF3SFs (tri-fluoromethyl sulphur pentafluoride) in the SE
Pacific sector west of Drake Passage and following its dispersion horizontally and laterally as
it transits the SE Pacific, Drake passage and the Scotia Sea, (2) The use of fine structure and
microstructure measurements from LADCP, CTD and free-falling microstructure probes, (3)
the deployment of a substantial array of moorings in the east of Drake Passage to observe the
relationship between eddy activity, internal wave activity and vertical and horizontal mixing
(4) the release of numerous floats both neutral density type RAFOS floats and surface
drifters and (5) interpretation of model data.

The original plan for the DIMES field program is shown in fig 1.4.1, showing the geographic
location of the program and the time line of the project.
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1.4 CRUISE OBJECTIVES

Cruise UK 2, a moorings cruise with and hydrographic, tracer and microstructure survey, was
undertaken by RRS James Cook in November 2010-January 2011. The moorings work was
finished as planned, but unfortunately due to engine problems, the planned hydrographic and
tracer work could not be completed. Because of the time-critical nature of the project, with
released tracers and floats beginning to make their way through Drake Passage and the end of
2010 and beginning of 2011, NERC and BAS were willing to give additional ship time. The
present cruise, JR 276, was scheduled and labelled DIMES cruise “UK2.5”. Its mission was
to complete the survey of tracer and turbulent microstructure activity to the west of Drake
Passage along a meridional section at 78°W, from 56.5°S to 64°S, We designate this section
S3, (the third UK Dimes section). Additionally, two days extra ship time were granted to
complete the CLIVAR repeat section SR1 to the east of Drake Passage, which has been done
most years by a team from NOC aboard the Ross, but which was cancelled in the present
year. We designate the part of this section that we were to do SR1b. Completion of SR1 with
measurement of tracers and microstructure fits well with the objectives of the DIMES project.
Figure 1.4.2 shows the location of the two sections and the stations planned.

Figure 1.4.2: location of CTD/Tracer stations on JR 276

Additionally, it was planned to release several clusters of surface drifters and RAFOS
neutrally buoyant floats as part of the “AARDVARK?” project to observe dispersion
properties along coherent structures of hyperbolic points in the flow field.

In summary the principal objectives of JR276 were:

(1) Tracer survey of S3 section to determine vertical, latitudinal spread of tracer, and the
scale of any remaining streaks of tracer. Determining the streakiness required that at
least some of the section be sampled with highest practical resolution, which we took
to be approx 1/8 degree.



(2) Survey of SR1 section to determine horizontal and latitudinal spread of tracer east of
Drake Passage

(3) CTD and underway survey of detailed hydrography on these sections.

(4) LADCP and VMP observations along both sections to observe the turbulence
believed to cause vertical mixing and its variation with location in the region of Drake

Passage.

(5) Release of groups of “AARDVARK?” drifters and RAFOS floats to study horizontal

dispersion.

In addition we undertook sampling for surface total alkalinity and total carbon dioxide for
the UK ocean acidification program.

1.5. CRUISE ITINERARY

Date Time (GMT) Action

09/04/2011 20:00 Depart Punta Arenas, Chile

10/04/2011 15:00 Leave western entrance, Magellan Strait
11/04/2011 15:30 Commence S3 section

18/0402011 14:00 Depart S3 section

21/04/2011 09:30 Commence SR1b section

25/04/2011 16:30 Depart SR1b section

26/04/2011 11:15 Dock Mare Harbour, FI

Time and position of the deployments, recoveries and samples taken is given in the event log,

appendix XXXX.

1.6 CRUISE TRACK
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We departed Punta Arenas at 17:00 Ship’s time (local Chilean time) 09/04/2011, 20:00 GMT.
Our departure was delayed somewhat as we waited for the arrival of a shipment of gear from
Southampton including the CTD rosette and Niskin bottles to be used on our cruise, delivered
by truck on the last stage of its journey. In the end we did not wait for a long-delayed
shipment of air freight from the UK containing spares for the UEA tracer team on board.
These were deemed to be non-essential and the necessity to not further delay our very full
cruise programme had priority.

The ship departed the western exit of Magellan Strait at 15:00 GMT on 10/04. We headed for

the northern end of S3, arrived at our first station, 56.5°S, 78°W, at 15:30 on 11/04. Weather
was good throughout the steam with moderate swell.

We worked on this section until 18/04, approximately 14:00, completing 38 stations and 7
VVMP profiles. The spacing of the stations commenced at 0.5°, then Throughout this period
the weather was good, with light to moderate swell enabling continuous operations. We
encountered some problems with the CTD wire and termination that are detailed in the
technicians report. These caused us to abort CTD casts 002 and 016, and cost a few hours of
science time, but no other holdups.

We then steamed to the east of Drake Passage. On the way two diversions were made to
launch clusters of AARDVARK drifters, and on the second deployment, RAFOS floats.
During the steam eastward the swell was again very light and wind conditions near-calm,
ideal for the deployment of these drifters.

We commenced work on the SR1b section, which is part of the CLIVAR SR1 repeat section
that has been occupied annually by NOC scientists since 1993 at 09:30 on 21/04/2011.
Stations were spaced at 20 Nm intervals and approximately every other station was
accompanied by a VMP profile. Again, we experienced some problems with CTD electrical
connections which necessitated a re-termination, and one cast returned minus one niskin
bottle which had simply disappeared from the rosette. The weather deteriorated on 22/04 and
from 23:00 until 12:30 on 23/04 we were unable to work and held station. Recommencing
work we completed the section as planned and added two further stations to the northern end
to take us closer to Burdwood Bank.

The NOC VMP performed 14 profiles, most of which went according to plan. Most of the
deployments were timed to come up at night because it was much easier to spot the
instrument at the surface with the aid of its flashing light then. However, at no point did we
have any real difficulty to find the VMP even when it surfaced in the day. The last three
profiles each had some anomalies however, with the VMP apparently dropping its weights
prematurely on profiles 12 and 13, and apparently not correctly releasing one weight on
profile 14, so that it remained on the bottom until the magnesium soluble link dissolved, after
which it was recovered without difficulty.

Having used every second of time allotted to us, and completed our programme with the

addition of two stations, we departed our last work site on at 1630 on 25/04/11 and docked in
Mare Harbour, FI, at 1130 the following morning.

1.8 CRUISE RECOMMENDATIONS
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2. UNDERWAY DATA

Peggy Courtois, Christopher O’Donnell (adapted from JCR195 report)

2.0 Data Acquisition

The underway data were logged in ascii scs files located under:
jrlb.jcr.nerc-bas.ac.uk:/san/datavol/data/cruise/jcr/current/scs/Compress/
This was mounted on the linux box NOSEAZ2, such as:
/mnt/data/cruise/jcr/current/scs/Compress/
which was linked by:

/local/users/pstar/jr276/data/
For what follows, ~ will represent the following location: /local/users/pstar/jr276/cruise/.

The raw SCS data with the ACO extension were located in ~/scs_raw_ship/. , but are not
easily parsed. The SCS files are cleaned up using sed scripts. At the beginning of the cruise
or if the sed scripts hang, type:

sedexec_stopall
sedexec_startall

This will restart all the sed scripts and create the ACO files from scratch from the beginning
of the cruise in ~/data/scs_sed/. These files are versions of the ACO files with commas,
colons, characters, etc removed, so they are plain numerical files that can be loaded into
Matlab. To check that sed is running use the unix command ‘top’ and watch for sed entries
appearing every 10 seconds or so. If no sed is present then start and stop the sed scripts using
the commands shown above.

In order to make loading subsets of files acceptably fast in Matlab, the cleaned ACO files are
converted to Matlab and are located in ~/data/scs_mat/*mat.

Before running the daily processing, go into Matlab and type update_allmat, this will update
all the mat files. Note that some of the scripts that access SCS files (eg. msposinfo)
automatically run the Matlab update first.

The raw and processed data are located in the following directories:
~/data/surfmet/

~/data/ocl/

~/data/nav/gyros

~/data/nav/seapos

~/data/nav/ash

~/data/sim/

~/data/em120

2.1 Navigation system

11



1. Instrumentation

Seapath system

A Seapath 200 system is used on the RRS James Clark Ross. The data are logged via the
‘seatex’ scs data stream at 1Hz. In addition to position the Seapath system outputs heave and
roll via the seatex-psxn.ACO files. Another system for measuring pitch and roll is the tsshrp
system, but there is no indication of which channels are which. Heave sensors from both
systems are located in the grav room. The data from this system are contained in
~/data/nav/seapos.

Ashtech

The Ashtech used to be the primary system for obtaining the most accurate measurement of
the ship’s heading and has been replaced by the Seapath and tsshrp systems. The data from
this system are contained in ~/data/nav/ash.

Gyro
The ships gyro on the bridge was logged via the scs data stream as ‘gyros at 1Hz’. The data
from this system are contained in ~/data/nav/gyros

2. Data processing

Every day the data were downloaded using the following commands in matlab, where jd is

the Julian day:
% Setup path and variables:

m_setup

day = jd; mday_ 00(“pos’,day)
day = jd; mday_00(“ash’,day)
day = jd; mday 00(“gyr’,day)

The previous commands are wrapped in the more general command:
mday_00 _get _all(jd)

Then, the matlab script mgyr_01.m is used to discard data cycles with repeat or backwards
time jumps, whereas mash_01.m will merge on gyro data, construct ash gyro difference and
clean up the data. The output file is averaged into 2 minute sections.

day = jd; mgyr_O01

day = jd; mash_01

Use mday_00_clean_all.m to remove data outside defined ranges and repeated data cycles.
The matlab command mplxyed.m is an interactive script to remove apparent spikes. Note that
it is important to rename the file pos_jr276_d*_edit.nc into pos_jr276_d*.nc, before using
mplxyed.m otherwise it will be overwritten. All output files are then appended into one file,
such as:

day = jd; mday_02("M_ASH","ash",day)
day = jd; mday_02(*M_GYS","gyr",day)
day = jd; mday_02(*M_POS", *pos*”,day)

The navigation data are then averaged over 30 seconds using mbest_all.m. Note that the daily

navigation file pos_jr276_01.nc must exist and be up to date.
day = jd; mbest_all

12



Step | Command Input file Output file Comments
1 m_setup Setup path and
variables
2 mday_00 ash_jr276_d* raw.nc Download the raw
pos_jr276_d* raw.nc data
gyr_jr276_d* raw.nc
3 mgyr_01 ash_jr276_d* raw.nc gyr_jr276_d*.nc Discard repeated data
cycles
4 mash_01 ash_jr276_d*_raw.nc ash_jr276_d*_edt.nc Merge on gyro data,
ash_jr276_d*.nc construct ash-gyro
difference
5 mday_00_clean_all | pos_jr276_d*_raw.nc pos_jr276_d* edit.nc Sets data to absent
outside defined ranges
6 mpIxyed pos_jr276_d*(_edit).nc pos_jr276_d*.nc Remove apparent
spikes.
7 mday_02 pos_jr276_d*.nc pos_jr276_01.nc Append files
ash_jr276_d*_raw.nc ash_jr276_01.nc
gyr_jr276_d* raw.nc gyr _jr276 01.nc
8 mbest_all pos_jr276_01.nc bst jr276 _01.nc Creates a bestnav file

pos_276_spd.nc
pos_jrl95 ave.nc

over 30 seconds

On the Julian day 106, Seatex had to be rebooted as it was giving wrong values (lat, lon =
1000). Spurious data were removed from pos_jr276_d106_raw.nc using mplxyed.m. The
removed data are kept in memory in mplxyed_date_time_pos_jr276_d106.nc.

3. Preliminary results

Figure 11.1.1, shows the track of the RRS James Clark Ross from both systems, Seatex in blue
and Ashtech in red, while Figure 11.1.2 shows the best navigation after processing data.
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Figure 11.1.1: Track of the RRS James Clark Ross from the Seatex (in blue) and the Ashteck (in red)
systems.
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Figure 11.1.2: Track of the RRS James Clark Ross after processing.

2.2 Surface meteorological sampling system

1. Instrumentation

The RRS James Clark Ross is instrumented with a variety of meteorological sensors to
measure; air temperature and humidity, atmospheric pressure, short wave radiation (TIR),
photosyntheticly active radiation (PAR) and wind speed and direction. These are logged as
part the ‘oceanlogger’ and ‘met’ systems at 2 second intervals. The oceanlogger also recorded
the underway salinity and sea surface temperature. These data will be discussed separately.
The meteorological instruments were mounted on the ship’s foremast (Figure 11.2.1) in order
to obtain the best exposure. The estimated heights of the instruments above the foremast
platform were: Sonic anemometer, 0.65 m; air temperature and humidity 0.25 m and the
irradiance sensors 0.2 m. The barometers were located in the ocean logger display cabinet in
the UIC.

14



Foremast platform Windmaster

/ sonic

(0]
Windmas o 0.65m
e e I 0.20m
sonic
j 1 | €—— Bird table
P 0.6lm
air temperature Pfll:'l
| hmnldué‘;:m’l’lﬂg 5.71!'1 Foremast
ir2
\l 0.61m
O
//Y
Bird table

14.04 m above A ]

water level T

Foremast platform

Note: not to scale

Figure 11.2.2: Schematic of the sensor positions on the foremast: left - plan view; right - side
view.

The following table provides the serial numbers of the various instruments used for the
surface meteorological sampling system. A much more complete table can be found in the
JCR195 cruise report.

Instruments Serial number Serial number | Instrument type
Barometer 145002 145003 Vaisala PTB210
Humidity / Temp (sec) 18109036 Rotronic MP100

TIR 990684 Kipp & Zonen SP Lite
PAR 990069 Kipp & Zonen PARLite

The raw and processed data can be found in ~/data/met/surfmet.

2. Data processing

The met raw data were downloaded with the matlab script mday_00.m:
day = jd; mday_ 00(“ash”,day)

The script mday_00_clean_all.m was used to remove data outside defined ranges and
repeated data cycles. Then, mplxyed.m was used to remove apparent spikes. Again, note that
it is important to rename the file met_jr276_d*_edit.nc into met_jr276_d*.nc, before using
mplxyed.m otherwise it will be overwritten. The raw data were appended every day using

mday_02.m:
day = jd; mday 02("M_MET","met",day)

15



The command mtruew_01.m calculates the true wind speed and direction. The wind direction
is defined as the direction the wind is going to, rather the meteorological convention of
direction coming from.

Step | Command Input file Output file Comments

1 m_setup Setup path and variables

2 mday_00 met_jr276_d* raw.nc Download the raw data

3 mday_00_clean_all | met jr276 d* raw.nc | met_jr276_d* edit.nc Sets data to absent
outside defined ranges

4 mplIxyed met_jr276_d*(_edit).nc | met_jr276_d*.nc Sets data to absent
outside defined ranges

5 mday_02 met_jr276_d* raw.nc | met jr276 0l.nc Append files

6 mtruew_01 bst jr276 _01.nc met_jr276_true.nc True wind processing

met_jr276 _01.nc

3. Preliminary results

The wind direction and speed has been plotted in the two following figures.
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Figure 11.2.2: Wind direction during the cruise JR276.
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Figure 11.2.3: Wind speed during the cruise JR276.

2.3 Bathymetry

Bathymetry data were measured every 7 seconds by a Kongsberg EA600 single beam echo
sounder and were processed daily. The data were transferred from the scs system to MSTAR

format using the MSTAR routine mday_00.m, where jd is the Julian day.
day = jd; mday_ 00(“sim”,day)

The above command is wrapped in mday_00_get_all.m. The file sim_jr276_d*_raw.nc
containing the raw data for the Julian day j* is then created in ~/data/sim/. The raw daily file
contains; time (seconds), depth (feet), depth (m) and depth (fathoms). Depths outside the
range of 0.0001 to 12000 m and 0.0001 to 50000 feet are set to absent data using
mday_clean_all.m.

The daily data file was plotted and any outliers were interactively selected and set to absent
data values using the matlab script mplxyed.m. Note that only the depth in meters has been
cleaned up. After plotting/cleaning the sim_jr276_d*_edit.nc files must be moved to
sim_jr276_d*.nc. This can be done in matlab, with the following command:

Imv pos_ jri195 d324 edit.nc pos_jril95 d324.nc

The position data from the seapath system were merged on the bathymetry data and the
corrected depths calculated from the carter tables using mmerge_sim_nav_01.m. This step
must be done after the seapos file has been cleaned up.

Then, the files were appended all together using the command mday_02.m.

Step | Command Input file Output file Comments

1 m_setup Setup path and
variables

2 mday_00 sim_jr276_d* raw.nc | Download the raw
data

17




3 mday_00_clean_all sim_jr276_d* _raw.nc | sim_jr276_d* edit.nc | Sets data to absent
outside defined
ranges

4 mplIxyed sim_jr276_d*(_edit).nc | sim_jr276_d*.nc Sets data to absent
outside defined
ranges

5 mmerge_sim_nav_01.m | sim_jr276_d*.nc sim_jr276_d*.nc Merge on position to

pos_jr276_d*.nc the depth file and
correction of the
depth

6 mday_02 sim_jr276_d*.nc sim_jr276_01.nc Append files

Figure 11.3.1 shows the bathymetry along the track of the RRS James Clark Ross during the
two week cruise.
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Figure 11.3.1: Depth along the ship track, after cleaning.

2.4 Swath bathymetry

The swath bathymetry was given by a Kongsberg EM120 multi beam echo sounder, which
was turned off during the VMP casts to prevent any interference with the later instrument.
The data were downloaded and processed every day, but at a very basic level. No processing
of the swath has been done yet. This can be done by either using the Caris HIPS SIPS
software (at the NOC) or by using the free software MB Systems.

As previously described in the latter section, the data were downloaded into ~/data/em120/
using the matlab script mday_00.m. The raw daily file contains time (seconds) and depth (m).
After renaming the raw file into em120_jr276_d*.nc, the data were plotted and cleaned using
mplxyed.m. Then, all files were appended altogether through mday_02.m.
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Step | Command Input file Output file Comments

1 m_setup Setup path and
variables

2 mday_00 em120 jr276_d*_raw.nc | Download the raw
data

3 mpIxyed em120 jr276_d*_raw.nc | em120_jr276_d*.nc Sets data to absent
outside defined
ranges

4 mday_02 em120 jr276 _d*.nc em120 jr276 01.nc Append files

Figure 11.4.1 shows the bathymetry along the track of the RRS James Clark Ross during the
two week cruise.
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Figure 11.4.1: Depth along the ship track, after cleaning.

2.5 Underway measurements

1.

Instrumentation

115

Near surface oceanographic parameters were measured by sensors located on the non-toxic
supply. These included a Fluorometer which measures fluorescence and a SBE45
thermosalinograph measuring conductivity and water temperature at the point it reaches the
instrument. The salinity was calculated in real time using the SBE45 housing temperature and
conductivity measurements. The sea surface temperature (SST) was measured by a PRT100
temperature sensor located close to the non-toxic supply intake on the hull at a depth on 6m.
The following table sums up the instruments used as well as their associated serial number.
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Parameters Serial numbers Instruments
Barometer 145002 Vaisala PTB210
145003
Humidity / Temp (sec) 18109036 Rotronic MP100
Thermosalinograph 4524698-0016 SeaBird SBE 45
Fluorometer 6456 rtx Turner Designs 10-AU-005-CE
TIR 990684 Kipp & Zonen SP Lite
PAR 990069 Kipp & Zonen PARLite

2. Data processing

The data were downloaded and processed into ~/data/ocl/, using mday_00.m. All data outside
the following ranges were set to absent, by running mday_clean_all.m:

Air temperature: -50 to 50 degreesC

Humidity: 0.1 to 110 %

TIR: -50 to 1500

PAR: 0.0001 to 50

Then, the output files were then copied into ocl_jr276_d*.nc, which were plotted and cleaned
using the matlab script mplxyed.m. Every single daily oceanlogger file was merged onto the
navigation file, by running mmerge_ocl_nav.m. Then, all files were appended altogether
through mday_02.m. The next step was to create a 30 second navigation file using
mocl_00_jr276.m.

During the JR276 cruise, sea water was sampling every 4 hours. Then the conductivity was
analysed using a salinometer (see Section3.1). The conversion of the conductivity into
salinity was done using the definition and the algorithm of practical salinity formulated and
adopted by the Unesco/ICES/SCOR/IAPSO Joint Panel on Oceanographic Tables and
Standards. Finally, all salinity values from the sea water samples were put into a CSV file
(bottle salinity, year, jday, hour, minute, crate number, bottle number). This latter file was
next read into mstar using mocl_01 jr276.m. The script mocl_02_jr276.m merges the bottle
data with the 30 second average OCL data. Finally, mocl_CTD_01 jr276.m and
mocl_CTD_02_jr276.m extract and merge the data from the CTD casts onto the OCL data.

The sequence of the processing is sums up in the following table.

Step | Command Input file Output file Comments

1 m_setup Setup path and
variables

2 mday_00 ocl_jr276_d*_raw.nc Download the raw
data
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3 mday_00_clean_all | ocl_jr276_d* _raw.nc | ocl_jr276_d* edit.nc Sets data to absent
outside defined
ranges

4 mplIxyed ocl_jr276_d*.nc ocl_jr276_d*.nc Sets data to absent
outside defined
ranges

5 mmerge_ocl_nav ocl_jr276_d*.nc ocl_jr276_d*.nc Merge position onto
the oceanlogger file

6 mday_02 ocl_jr276_d*.nc ocl_jr276_01.nc Append files

7 mocl_00_jr276 ocl_jr276_01.nc ocl_jr276_ave.nc Create a 30 second
nav file from 1-Hz
data

8 mocl_O1_jr276 all_ocl_salts_jr276.csv | ocl_jr276_samps.nc Read the csv file into
mstar

9 mocl_02_jr276 ocl_jr276_samps.nc ocl_jr276_merge.nc Merge bottle data

ocl_jr276_ave.nc with the 30 second
average OCL data

10 mocl_CTD_01_jr276 | ctd_jr276_d* 2db.nc | ctd5db_jr276.nc Extract data from
CTD cast for depth
range 4to 6 m

11 mocl_CTD_02_jr276 | ctd5db_jr276.nc ocl_jr276_CTD_merge.nc | Merge the data with

ocl_jr276_ave.nc the OCL data

3. Preliminary results

Air temperature and air pressure are plotted in Figure 11.5.1. Figure 11.5.2 shows the flow rate,
fluor and PAR parameters, whereas the sea surface temperature and salinity and depicted in

Figure 11.5.3.
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2.6. VESSEL-MOUNTED ACOUSTIC DOPPLER CURRENT
PROFILER

Penny Holliday, Alex Brearley
2.6.1 Introduction

A 75 kHz RD Instruments Ocean Surveyor (OS75) ADCP was used during this cruise. This
has also been used on JR139 (in Dec 2005, Chief Scientist Stansfield), JR161 (Oct-Dec 2006,
Shreeve), JR165 (Feb 2007, Shoosmith), JR193 (Dec 2007, Quartly), JR177 (Jan 2008,
Tarling), JR218 (Oct 2008, Woodward) and JR200 (Mar 2009, Korb), JR195 (Yelland). The
OS75 is capable of profiling to deeper levels in the water column than the previous 150 kHz
ADCP and can also be configured to run in either narrowband or broadband modes.

2.6.2 Instrumentation

The OS75 unit is sited in the transducer well in the hull of the JCR. This is flooded with a
mixture of 90% de-ionised water and 10% monopropylene glycol. With the previous 150 kHz
unit, the use of a mixture of water/antifreeze in the transducer chest required a post-
processing correction to derived ADCP velocities. However, the new OS75 unit uses a
phased array transducer that produces all four beams from a single aperture at specific angles.
A consequence of the way the beams are formed is that horizontal velocities derived using
this instrument are independent of the speed of sound (vertical velocities, on the other hand,
are not), hence this correction is no longer required.

The OS75 transducer on the JCR is aligned at approximately 60 degrees relative to the centre
line. This differs from the recommended 45 degrees. Shortly after sailing for JR139, the hull
depth was measured by Robert Patterson (Chief Officer), and found to be 6.47m. Combined
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with a value for the distance of the transducer behind the seachest window of 100-200mm
and a window thickness of 50mm, this implies a transducer depth of 6.3m. This is the value
assumed for JR200, but note that the ship was very heavily laden during cruise JR139, and
for other cruises it may be shallower.

During the trials cruise (JR139), it was noted that the OS75 causes interference with most of
the other acoustic instruments on JCR, including the EM120 swath bathymetry system. To
circumvent this, the ADCP pinging can be synchronised with the other acoustic instruments
using the SSU. This issue was investigated in detail on JR218. On JR276 the Swath was used
during the CTD transect but the ADCP was run unsynchronised, pinging every approximately
3.1 seconds. In shallow water the ADCP was set in bottom track mode with varying depths
(and therefore ping rates).

The heading feed to the OS75 is the heading from the Seapath GPS unit. This differs from the
previous ADCP setup on JCR, which took a heading feed from the ship’s gyrocompass and
required correction to GPS heading (from Ashtech) in post-processing.

2.6.3 Configuration

The OS75 was controlled using Version 1.42 of the RDI VmDas software. The OS75 ran in
two modes during JR276: narrowband with bottom-tracking on and narrowband with bottom-
tracking off. While bottom tracking the maximum water depth was set to 800m (50 bins, each
16 metres). Water-tracking was always fifty 16 metre bins. SSU was not used. Narrowband
profiling was enabled with an 8 metre blanking distance. The ‘set modes’ configuration files,
as described in JR195 report, were used during the cruise.

Reducing the maximum water depth to less than twice the actual water depth (as measured by
the EA600) has two significant advantages (see JR218 report for full details). Firstly it speeds
up the ping rate as the instrument spends less time waiting for echoes. The second advantage
is that the instrument stops listening before it can hear double-bottom echoes (sounds that
goes transducer-bottom-surface-bottom-transducer). This leads to cleaner plots of the water
column velocities.

Salinity at the transducer was set to zero, and Beam 3 misalignment was set to 60.08 degrees
(see above discussion).

Data logging was stopped and restarted once every 2 days to keep files to a manageable size
for processing..

2.6.4 Outputs

The ADCP writes files to a network drive that is samba-mounted from the Unix system. The
raw data (.ENR and .N1R) are also written to the local PC hard drive. For use in the matlab
scripts the raw data saved to the PC would have to be run through the VMDas software again
to create the .ENX files. When the Unix system is accessed (via samba) from a separate
networked PC, this enables post-processing of the data without the need to move files.
Output files are of the form JR276_XXX_YYYYYY.ZZZ, where XXX increments each time
the logging is stopped and restarted, and YYYYYY increments each time the present filesize
exceeds 10 Mbyte.

ZZZ7 are the filename extensions, and are of the form:-

.N1R (NMEA telegram + ADCP timestamp; ASCII)

.ENR (Beam co-ordinate single-ping data; binary). These two are the raw data, saved to both
disks

VMO (VmDas configuration; ASCII)

.NMS (Navigation and attitude; binary)

.ENS (Beam co-ordinate single-ping data + NMEA data; binary)

.LOG (Log of ADCP communication and VmDas error; ASCII)

.ENX (Earth co-ordinate single-ping data; binary). This is read by matlab processing

.STA (Earth co-ordinate short-term averaged data; binary)
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.LTA (Earth co-ordinate long-term averaged data; binary).

.N1R and .ENR files are saved to the secondary file path and can be reprocessed by the
software to create the above files.

2.6.5 CODAS/Hawaii processing.

Note that this software sometimes outputs a decimal day, calculated from time in seconds
since the start of the year. Decimal day is 0.5 for noon on the 1* January: this contrasts with
a jday of 1.5 for noon on the 1% January.

Each 2-day file was processed separately and each produced a separate water- or bottom-
tracking calibration (Table 2.6.1) which can be compared to those found previously (Table
2.6.2). The files are approximately 48 hours long (note that ensemble count in *out cal files
does not make sense, neither does the jday range, so the time and "ncols" information in the
*.nc files is recorded below). The median value of the bottom track calibration (file 009) was
considered most useful, because this was closest to the values in the second half of file 009
where data were less noisy, and was close to the mean of the water track calibrations.

Water track mode average:  amplitude = 1.0179 phase =-1.1023

Bottom track mode: amplitude = 1.0116 phase =-1.0564
File | BT/WT Amplitude Phase ncols | Start Date | End Date
NNN Median | Mean s.d. Median | Mean s.d

001 WT | 1.0115 | 1.0102 | 0.0052 | -1.1840 | -1.0827 | 0.3047 | 304 | 101 15:44 | 102 16:59
002 WT | 1.0085 | 1.0097 | 0.0127 | -1.2330 | -1.0861 | 0.2849 | 593 | 102 17:09 | 104 18:29
003 WT | 1.0140 | 1.0131 | 0.0066 | -1.0935 | -1.0267 | 0.2873 | 515 | 104 18:39 | 106 13:29
004 WT | 10170 | 1.0167 | 0.0069 [ -1.1005 | -1.1059 | 0.3452 | 608 | 106 13:36 | 108 16:11
005 WT | 1.0385 | 1.0385 | 0.0163 | -1.8015 | -1.8015 | 0.5989 | 514 | 108 16:20 | 110 11:05
006 WT [ 1.0330 | 1.0294 | 0.0086 | -0.3320 | -0.5258 | 0.0086 | 573 | 11011:14 | 112 10:54
007 WT | 1.0090 | 1.0122 | 0.0179 [ -0.2620 | -0.7264 | 0.0179 | 630 [11211:04|11415:32
008 WT [ 1.0135 | 1.0135 | 0.0033 | -1.4635 | -1.4635 | 0.3005 | 310 | 11415:39 | 11517:24
009 BT 1.0116 | 1.0208 | 0.0192 | -1.0564 | -0.7575 | 0.0192 | 210 | 11517:32 | 116 10:57

Table 2.6.1 Calibrations derived from the CODAS processing. BT indicates bottom
tracking mode, and WT indicates water tracking.

cruise date bot/water mean mean angle notes
amplitude

JR195 Nov 2009 water 1.0155 -0.2060 CODAS processing
JR195 Nov 2009 bottom 1.0381 +0.6080 CODAS processing
JR200 Mar-Apr 2009 water 1.0150 -0.0876

JR177 Jan 2008 water 1.0124 -0.0559

JR165 Mar-Apr 2007 1.0127 -0.0078

JR158 Feb 2007 water 1.0161 +0.1245

JR161 Oct-Dec 2006 bottom 1.0127 -0.0481

Table 2.6.2. Mean calibration results for JR276 and previous cruises.
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Below is a summary of the processing steps. [UH HTML documentation in
/local/users/pstar/cruise/sw/uh_adcp/programs/adcp_doc/index.html].

1) Created once at start of cruise
~/data/vmadcp/jr276_os75
~/data/vmadcp/jr276_os75/rawdata

2) For dataset NNN (eg NNN = 002),

copy raw data files (ENX, N1R, etc) from /mnt/data/cruise/jcr/current/adcp into
/local/users/pstar/jr276/data/vmadcp/jrCCC_os75/rawdata

file names likeOS75_JR276NNN_000000.ENX

NNN increments each time the ADCP logging is re-started. Data logging was stopped and
started once every two days. The 000000 increments each time a new file is started, when
the previous one reaches 10 Mb.

All raw files are automatically transferred to /mnt/data/cruise/jcr/current/adcp (i.e. on jrlb)

3) cd ~pstar/jr276/data/vmadcp/jr276_os75

cshell script in /local/users/pstar/cruise/data/exec

vmadcp_movescript

redistributes raw data from rawdata to rawdataNNN; rawdataNNN is created if necessary.
(may need to edit movescript so that it parses the file names correctly)

4) adcptree.py jJrCCCNNNnNbenx --datatype enx
Note nb for narrowband ping, and that the -- datatype has two dash characters

5) cd jrCCCNNNnbenx copy in a g_py.cnt file. Generally, you only need to edit the
dbname and datadir for each NNN. An example g_py.cnt file is

#q_py.cntis

## comments follow hash marks; this is a comment line

--yearbase 2011

--dbname jr276001nnx

--datadir

/local/users/pstar/cruise/data/vmadcp/jr276_os75/rawdata001

#--datafile_glob "*.LTA"

--datafile_glob *.ENX

--instname 0s75

--instclass os

--datatype enx

--auto

--rotate_angle 0.0

--pingtype nb

--ducer_depth 5

#--verbose

# end of q_py.cnt

# end of q_py.cnt

At the start of the cruise check yearbase, dbname, 0s75 or 0s150 and datatype enx (glob
ENX). Dbname should be of form jrCCCNNNPTT where P is n for narrowband, b for
broadband. The instrument should be operated in narrow unless there is a good reason to
choose broad. TT is “nx” for ENX; “ns” for ENS; “nr” for ENR; “It” for LTA, “st” for STA.
Standard processing is to process ENX. As far as | can tell, dbname must not exceed 11
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chars. So if we use 9 for jJrL195NNNnN, there are only two left to identify ENX, ENS, LTA,
STA

6) still in directory ~data/vmadcp/jr276_o0s75/jr276001nbenx
quick_adcp.py --cntfile g_py.cnt (“killed matlab engine" is the normal message received)
This takes a minute or two per 24 hours of ENX data. Note —cntfile has two dash characters

7) To see the BT (bottom track) or WT (water track) calibration, look at the ascii output of
jr276001nbenx/cal/*/*out (note that a calibration is not always achieved, for example if the
ship has made no manoeuvres while the ADCP is in water tracking mode, so there may be no
*out file). Note also that additional calibration information maybe saved after flags applied
after gautoedit process.

8) To access data in Matlab
matlab &

>>m_setup

>> codaspaths

Manually clean up data by applying flags to suspected bad data cycles.

>> cd data/vmadcp/jr276_os75/jr276001nbenx/edit

>> gautoedit

Clean up data. Select day and step (typically 0.1 or 0.2 days) to view, then "show now".
"show now" may have to be done twice to get the surface velocity plot. "show next" to step
through the file. "Del bad times" sets "bad" flags for a section of time, or for a whole profile.
"rzap" allows single bins to be flagged. Note that "list to disk™ must be clicked each time for
the flags to be saved.

9) Applying edits identified in gautoedit

The gautoedit process in Matlab sets flags, but doesn’t change the data. To apply the flags
and recalculate a calibration,

quick_adcp.py —cntfile g_pyedit.cnt (note two dashes before cntfile)
where ¢_pyedit.cnt contains

# q_pyedit.cntis

## comments follow hash marks; this is a comment line

--yearbase 2009

--steps2rerun apply_edit:navsteps:calib:matfiles

--instname 0s75

--auto

# end of q_pyrot.cnt

10) To get data into MSTAR:

>> cd /local/users/pstar/cruise/data/vmadcp/jr276_os75/jr276 NNNnbenx
>>mcod_01

produces output file

0s75_jr276NNNnnx.nc

which has a collection of vars of dimensions Nx1 1xM NxM

>> mcod_02

will calculate water speed and ship speed and get all the vars onto an NxM grid.
This step makes data available for comparison with LADCP data.

26



11) Append individual 48-hour files using
>>mcod_mapend

12) cd /local/users/pstar/cruise/data/vmadcp/jr276_os75/jr276NNNnbenx

In directory apply the final cal ONLY ONCE (adjustments are cumulative, so if this step is
done twice, the cal is applied twice) when you have done the edits and applied the time-
varying heading adjustment. After inspecting the cal out files, and deciding what the
amplitude and phase of the calibration should be:

quick_adcp.py —cntfile g_pyrot.cnt (note two dashes before cntfile), where gq_pyrot.cnt
contains:

# q_pyrot.cnt is

## comments follow hash marks; this is a comment line

--yearbase 2011

--rotate_angle -1.0564

--rotate_amp 1.0116

--steps2rerun rotate:navsteps:calib

--auto

# end of q_pyrot.cnt

Final calibration values used were those given by the JR276 Bottom Track data.

13) In each directory re-create Matlab files:

>>cd /local/users/pstar/cruise/data/vmadcp/jr276_os75/jr276 NNNnbenx
>>mcod_01

>>mcod_02

Then remove and recreate the appended matlab file:
>>cd /local/users/pstar/cruise/data/vmadcp/jr276_0s75

>>I/bin/rm 0s75_jr276nnx_01.nc
>>mcod_mapend

2.7 DIC/ALK Sampling

Emily Shuckburgh and Andy Watson

2.7.1 Introduction

We filled bottles 34-58 according to the instructions with underway water, overfilling the
bottle 3 times and ensuring there were no bubbles in the sample. We removed 5ml of water
from each bottle with a pipette and added 100 micro litres of mercuric chloride. The stopper
was carefully inserted, covered in silicon grease and the bottle sealed with several loops of
tape.

2.7.2 Data

Below is a list of the date and time at which each sample was taken. A record of latitude,
longitude, water temperature and salinity was also kept and can be obtained from the
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underway records. Samples were taken approximately every 12 hours, except when whether
conditions meant it was determined to be unsafe to take samples.

Bottle number Date Time (GMT)
34 102 6:38
35 102 19:08
36 103 6:33
37 103 20:13
38 104 5:25
39 104 20:17
40 105 5:30
41 105 23:09
42 106 5:55
43 106 20:46
44 107 5:30
45 108 2:06
46 108 5:43
47 109 1:34
48 109 4:27
49 109 20:13
50 110 4:20
ol 110 19:46
52 111 8:57
53 111 19:32
54 112 5:52
55 113 23:28
56 114 7:20
57 115 6:35
58 116 4:11

2.7.3 Comments

Whilst every effort was made to ensure no bubbles entered the samples, it was noted on
examination at the end of the cruise that many of the samples contained bubbles. It is not
clear whether these bubbles are due to poor sampling technique or a consequence of the
sample bottles reaching ambient air temperature.

3.1 Salinity

Introduction

Discrete salinity samples were taken throughout the cruise for two purposes: the
calibration of CTD salinity profiles (see section 4.1) and the calibration of underway
TSG data (see section 2.5). These were then analysed using a salinometer on
board. The following section outlines the aims of the sampling, the method of
sampling and the method of sample processing.

Aim

28



The aim of the discrete salinity samples was to provide accurate information for the
calibration of salinity data provided by CTD casts and underway TSG. This allowed
for the processing of said data while the cruise was in progress so that the results
could inform day-to-day planning.

Sampling Method

All samples were taken using 200 ml glass sample bottles with plastic lids, supplied
by OSIL?, in cases of 24 bottles. Each bottle was labelled with a unique number, and
in a uniguely numbered case. Log sheets were used to note the case number and
bottle number of each sample taken. Bottles were filled in order to leave minimal air
for evaporation to occur whilst leaving enough air to allow for adequate mixing of the
sample before sampling, in order to counteract any stratification that may have
developed. The bottle necks and lids were dried thoroughly before plastic caps, also
supplied by OSIL, were placed inside the bottle necks immediately after sampling in
order to seal the air within the bottles to counteract evaporation. Obviously the small
amount of air sealed in the bottle will have caused a slight salty bias in all samples.

CTD Sampling

See section 4.1 for a detailed description of CTD deployment. The CTD instrument
contains a rosette of 24 niskins, closed at various depths during deployment in order
to capture samples of water at those depths. For each CTD cast, the niskins to
sample for salinity were decided in order to provide the best coverage of the salinity
profile measured by the conductivity probe on the CTD. In practice, this normally
meant sampling from the deepest niskins, the shallowest niskins, and some in the
middle.

When sampling, the sample bottles were first rinsed a minimum of three times using
the water from the niskin to be sampled. This was to minimise contamination of the
sample from anything on the inside surface of the bottle. The bottle was then filled as
described above, capped and replaced in the relevant case.

TSG Sampling

See section 2.5 for a detailed description of underway TSG measurements.
Underway instruments aboard the ship constantly measured the salinity of the sea
water passing through the ship from the immediate surroundings. In order to
calibrate these measurements, samples of this water were taken roughly every 4
hours as part of the watchkeepers’ duties. The tap supplying the underway water
was open constantly and the flow rate was monitored and logged every 4 hours as
part of the underway dat logging procedure. The sample bottle was filled and
emptied 3 times to ensure minimum contamination, before being filled as described
above, capped and placed in the relevant case.

Sample Processing
Once a case of sample bottles was full, it was transferred to the temperature-

controlled laboratory, where it remained a minimum of 24 hours before being
sampled. This was to ensure that all samples were at the same temperature on
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sampling for consistency of measurements. The temperature of the room was
monitored and logged every 4 hours as part of the underway data logging procedure.
Salinity measurements were taken using a Guildline? AutoSal Salinometer, model
8400B, s/n 68959, provided by OSIL.

At the beginning of the cruise, the machine was standardised using a bottle of
IAPSO Standard Seawater, batch P151, conductivity ratio K;5 = 0.99997, provided
by OSIL. At the beginning and end of each sampling run, the standardisation was
checked using a bottle of IAPSO Standard Seawater, batch P151, conductivity ratio
Kis = 0.99997 .

The salinometric analysis was carried out as per the manufacturers
recommendations. The sample bottle to be measured was gently agitated by
inversion 3 times to remove any stratification. Before any measurements were taken,
the measurement cell was filled using the peristaltic pump and flushed three times
with the relevant sample in order to avoid any contamination from previous samples.
The analyst ensured that no bubbles were present in the cell before measuring the
sample. The cell was flushed, filled and then measured a further two times in order
to have a total of three measurements for each sample.

This was repeated for each sample in the relevant crate. Once all samples in the
crate had been analysed, another bottle of IAPSO Standard Seawater was analysed
in the same way as a sample, in order to ascertain whether the Salinometer
precision had remained the same throughout the sampling.

All recorded measurements were converted into salinity using the Unesco algorithm
for practical salinity (Unesco, 1980).

The accuracy of the results gained is improved by the time averaging and the three
separate measurements for each sample. The standardisation check at the
beginning and end of the crate gave an idea of how consistent the salinometer
precision had been, which should be taken into account in error analysis. The
temperature of the water bath in the Salinometer was kept at 20 degrees Celsius
throughout the cruise. The temperature of the lab remained fairly constant
throughout the cruise, although slight diurnal variations and the effect of the analyst
being in the lab during the sampling process could not be avoided. This is not
expected to affect the results as the water bath in the salinometer ensures
consistency of sampling.
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3.2 Measurements and distribution of the tracer CF3SF5 — University of East
Anglia

Marie-Jose Messias, Andrew Brousseau, Neill Mackay, Andrew Watson and Steve
Woodward

3.3.1 Sample collection and Analysis technique

The released tracer, trifluoromethyl sulphur pentafluoride (CFs;SFs) and two transient tracers
(trifluorochloromethane (CFC-13) and dichlorodifluoromethane (CFC-12)) were measured on board
by a purge-and-trap gas chromatographic method. The instrumentation was built and developed at
the University of East Anglia from the Lamont Doherty Earth Observatory (LDEO) design [Smethie et
al., 2000]. The system was set up in the UEA laboratory container which was installed on the after
deck of the RRS James Clark Ross. A total of 1222 seawater samples including ~10% of duplicates

were measured.

Sample collection
Water samples were collected from 10 litre bottles as soon as the CTD sampling

rosette was on board. The Niskin nitrile 'O rings were first washed in isopropanol and baked
in a vacuum oven for 24 hours to remove susceptible contamination before installation in
individual Niskin bottles. The trigger system of the bottles was external. Water samples were
collected in 2 liter ground-glass stoppered bottles that were filled from the bottom using
Tygon tubing and overflowed 1 time to expel all water exposed to the air. Immediately after
sampling, the glass bottles were immersed in a cool box of cold deep seawater in the
sampling hangar until the analysis. Ice packs were added as necessary to maintain a
temperature below 5°C and prevent degassing.

Analysis technique
Sample analysis was performed as soon as possible within 24 hours of the sampling.

Samples were introduced to the system by applying nitrogen (N,) pressure to the top of the
sample bottles, forcing the water to flow through and fill a 1135 cm? calibrated volume. The
measured volumes of seawater were then transferred to a purge and trap system, entering the
sparge tower under vacuum. The water was sparged with a N, flow at 270ml/mn for 3
minutes and trapped at  -110°C on a Unibeads 3S trap (two inches of 1/8inch tubing )
immersed in the headspace of liquid nitrogen. The purge and trap system was interfaced to an
Agilent 6890N gas chromatograph with electron capture detector (MicroECD at 320°C). The
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traps were heated to 110° C and injected into the gas chromatographs. The CF3SFs. CFC-
13, and CFC-12 separation was achieved using a 1m Porasil B packed pre-column and a
1.5m carbograph AC main column. A six inches molecular sieve post column was used to
remove N,O. Examples of the resulting chromatograms are displayed figure 1. The three

columns were kept in the oven at 75°C. The carrier gas, N, was cleaned by a series of

purifying traps (VICI nitrogen purifier and oxygen trap). The running time per sample is ~9

minutes.
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Figure 1: examples of chromatograms, (a) near-surface chromatogram (green)s,
showing SFg, CFC-13, background CF3SF5 (very small peak) and CFC-12 (left to right).
Blue is a chromatogram at the target density, and red is a deep sample that is tracer free.

Calibration
The CF3SFs, CFC-13, CFC-12 concentrations in air and water were calculated using

external gaseous standards. We use two working standards supplied respectively by NOAA
(Brad Hall, March 2010) and WHOI (5B tank from Jim Ledwell, August 2010). The NOAA
standard is clean air enriched in CF3SFs inside a 29L Aculife-treated aluminium cylinders
calibrated for SFs and CFC-12 by NOAA (Table 1). The WHOI standard is nitrogen
enriched in CF3SFs inside a 10L steel cylinder. Its CFsSFs concentration was estimated by
gravimetry at WHOI and checked by Ed Busenberg (Jim Ledwell, pers. communication).
The NOAA standard was intercalibrated against the WHOI standard for CF3SFs during the
JCO054 cruise in January 2010 with our instrument. The tracer was found to give a nearly
linear response over a large range but was best fitted by a polynomial of order two (figure 2).
The routine calibration curves were made by multiple injections of 9 different volumes (0.1,
0.25,0.3,0.5, 1, 2, 3, 5, 8 ml) of standard that span the range of tracers measured in the water
for CF3SFs . Multiple injections of large loops of standard, up to 136 ml were made to
calibrate CFC-12 and CFC-13 in surface waters as the large volume of sea-water required for
the tracer was inappropriate for surface seawater measurements of CFC-12 and CFC-13.
Routine calibration curves were made when time permitted. The changes in the sensitivity of
the system were tracked by measuring a fixed volume of standard gas in between stations
(Figure 3) and used to adjust the calibration curves respectively. The calibration precision
was better than 1% for the tracer CF3SFs and for CFC-13, CFC-12 levels at the target
density range. For high surface values of CFC-12 and CFC-13 the calibration precision was

estimated to be only 5 %.
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Figure 2: Examples of calibration curves for CF3SFs tracer during JR276

Mixing ratio Std Calibration

ppt Dev
CFC-12 |513.9 1.3 Scale NOAA 2001
CFC-13 |2 Estimated from literature for air, Busenberg , 2008
CF3SFs 63.9 0.1 Intercalibration with Ledwell 5B tank 7/01/2011

Table 1: Concentrations of the working standard NOAA tank # ALL-072115

SF5CF3 STANDARD RESPONSE
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Figure 3: Instrument response for CF3SFs for the WHOI (blue) and NOAA (pink) standards.
The data between day 5.65 and 7.7 were not used as they were affected by a leak on
the standard gas circuit.

Detection limit
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An unusually large volume of water (1135 ml) was analysed in order to increase the
detection limit of the tracer in water as less tracer was released than originally planned . The
detection limit for CF3SFs was 0.005 fmol/I.

Precision and accuracy

The precision (or reproducibility) for the water samples measurements can be determined
from replicate samples drawn on the same Niskin. In total, 106 duplicate samples were drawn
from the rosette spanning the all range of concentrations encountered along the cruise. The
average standard deviation for duplicates was 0.005 fmol/L (or 1% if greater) for CF3SFs ,
0.03 fmol/L for CFC-13 and 0.008 pmol/L for CFC-12.

SF5CF3 Duplicates
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Figure 4: differences between duplicates of CF3;SFs

For the tracer, no blank correction was applied as no trace of CF3SFs was detected in the
samples from depth. The CFC-13 and CFC-12 total blanks could not be assessed as we did
not sample CFC free water. The circuit water of the instrument showed a contamination level
of 0.0015 pmol/l for CFC-12 (none for CFC-13) which was substracted from the final data
set.
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Sparging efficiency was determined by successive resparge of a single sample until
complete no further compound could be detected . The final data set was corrected for

sparging efficiency accordingly (table 2).

Tracer Sparge efficiency
CFC-13 93 %
CF3SFs 97 %
CFC-12 89 %

Table 2. Sparge efficiencies estimated during JR2764.

Stn:1-55 SFACF3 ColorCwerlay

10 20 30 40 | &0
Station

Figure 5: Vertical ditribution of tracer in mole/l against potential density during JR276

3.3.2 Narrative and Results

The tracer, 76 kg of trifluoromethyl sulphur pentafluoride (CF3;SFs), was released
from R/V Roger Revelle on the 27.906 kg m™ neutral density surface (in UCDW near 1500-m

depth) west of the Drake passage in the Antarctic Circumpolar Current near 589S, 1079 W,
in early February, 2009 (Ledwell et al 2011). The tracer patch was surveyed one year later
during the US2 cruise, in January-February 2010, from R/V Thomas G. Thompson West of
Drake passage (Fig. 1). The tracer was surveyed on cruise JC054 in December 2010/January
2011, 22 months after the release extending from 580W east to 799W in the region of
Drake passage with vertical profiles spaced at ~ 1/3 of a degree latitude along 3 meridian
sections (60°W, 67°W&79°W). Measurable tracer concentration at was found at virtually
every station. On the present cruise, the two sections (at 78°W and the SR1 section at
approximately 57°W) again showed measurable tracer at virtually every location.

Horizontal Distributions
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Column integrals of tracer concentration along the two sections, in nanomoles.m-? are
presented in figure 3.1. We found that the degree of variation from profile to profile on the
parts of S3 that were at the finest resolution was not greatly different from that of the coarser
resolution parts, indicating that at some level, even the finest resolution we were able to
achieve was not sufficient to fully separate the streakiness that remains. On the other hand
this variation was not very large compared to the concentration being measured: the
horizontal distributions give the impression of a wide region of relatively high concentrations
in which streaks are largely merged but some variation, ~10-20%, of the total column
integral, remains. At the Polar Front at 62°S on section S3, and towards the north the
concentrations drop substantially, but on S3 they then rise to a substantial peak south of the
Polar front and centred at 63°S — possibly an eddy or meander of water derived from north of
the PF?
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Figure 3.1: column integrals, nanomoles m™, for the two sections.
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Figure 3.1: column integrals, presented as size of the dots with values in picomoles m?in
light type, for the three sections.

Figure 3.2: Mean tracer profiles for sections S3 and SR1b, plotted against neutral density and
converted to depth using the cruise-mean density-vs-depth profile to convert between the two
variables. Gaussians of the form Ceexp{0.5[(z-zmax)/s]*} were fitted to the profiles, and the
values for ¢ are shown as the widths. The dotted line shows the depth of the y,=27.905
density level, on which the tracer was released. The tracer appears slightly above the target
surface, which may be an artefact of the preliminary calibration of the salinity on the CTD.
For comparison, the JC054 section averages and the US 2 cruise average are plotted in fig 3.3
using the same density-depth relation.
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US2 and JC054 sections plotted with JR276 Density-depth profile
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Fig 3.2 The US 2 and JC054 mean section profiles, replotted with the JR276 density-vs-depth
relation.

Fig 3.3 below shows the tracer data for each cast plotted as a function of depth (not density
corrected) with bottle position and interpolating lines
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Comparison of the UEA and WHOI concentrations
Cast 026.

Duplicate samples were taken into 1-liter bottles for Cast 026 for analysis on the WHOI
system, after the 2-liter samples for the UEA system were taken. Concentrations were found
to be quite different for the two systems (Table 1 and Figs 1 and 2). For the higher
concentrations the UEA system gave a value about 15% greater than the WHOI system. For
the lower concentrations the difference was greater. The straight line plotted in Fig. 2 has a
slope of 1.15, and this would be the correction factor to use if we were relying on the WHOI
analysis to give us this profile.
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Fig. x.x.1 Tracer profile from the UEA (0) and WHOI (*) samples for Cast 026. Niskin 12 is

the sample just above 1350 m depth. Niskin 19 gave the spur at around 1200 m.
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Fig. x.x.2. WHOI Concentration versus UEA Concentration for the tracer, Cast 026. The
outlier near 0.5 fM is from Niskin 19. The next to the highest UEA concentration is from
Niskin 12. The slope of the line is 1.15.

There was no 1-liter sample from Niskin 12, taken near the target density surface, because a
duplicate was taken into a 2-liter bottle, and not enough water remained for a 1-liter sample.
This 2-liter duplicate was run on the WHOI system in lieu of a 1-liter sample. For this
sample the UEA analysis was only 9% greater than the WHOI analysis (the next to the last
point in Fig. 2), suggesting that some of the difference between the two analyses was due to a
difference in the bottles. Perhaps there was less effect due to gas exchange for the 2-liter
bottles. The 1-liter bottles have urethane stoppers which might be suspected of taking up
tracer, but tests in 2010 indicated that less than 1% of the tracer was lost this way.

Another notable sample is that from Niskin 19. The WHOI concentration is higher than the
UEA concentration in this case, and both concentrations are high compared with the
surrounding concentrations, leading to a spur near the top of the profile (Fig. 1). One might
suspect that the Niskin tripped in the wrong place. We can try to assess this by looking at the
CFC-12 concentrations from the UEA system. These do not look terribly anomalous at
Niskin 19, when plotted versus Niskin number (Fig. 3). However, if we plot CFC-12 versus
tracer, we find that Niskin 19 has both the same CFC-12 and tracer concentration as Niskin
17, suggesting that Niskin 19 tripped with 17 (Fig. 4). We cannot consider this definitive
because noise in the CFC-12 seems great enough that this could be an accident of CFC-12
noise. Note that the CFC-12/Tracer plot (Fig. 4) suggests that Niskins 7, 9, 11, 13, and 18 (or
17) all tripped out of order. But the tracer profile in Fig. 1 does not indicate that these tripped
out of order.
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Fig. x.x.4. CFC-12 versus UEA tracer concentration, Cast 026. The numbers of the Niksin
bottles are indicated. Niskin 19 is at nearly the same place as Niskin 17 on this plot, with

elevated tracer concentration compared with Niskins 18 and 20.

Table x.x.1. Comparison of UEA Concentrations with WHOI concentrations, Cast 026.

Niskin # Depth UEA Conc. WHOI Conc. Ratio
(m) (aM) (aM) UEA/WHOI

1 4996

2 3055 0

3 1573 0

4 1542 3 36

5 1512 41 20

6 1481 146 108 1.35

7 1460 370 287 1.29

8 1440 772 623 1.24

9 1420 1381 1131 1.22

10 1400 1890 1573 1.20

11 1378 2153 1889 1.14

12* 1358 2348* 2151* 1.09*

13 1338 2508 2127 1.18

14 1318 2193 1937 1.13

15 1298 1640 1413 1.16

16 1278 1004 849 1.18

17 1258 558 458 1.22

18 1237 299 248 1.20

19 1207 512 629 0.81

20 1176 17 2

21 1145 15 -4

22 1146 9 -8

23 811 -5

24 7 -13

*There was no water left for the 1-L sample, because two 2-liter samples were taken from this Niskin.
Hence we ran the second 2-liter sample on the WHOI analysis system to completer the profile.

Cast 035.

The WHOI tracer analysis system was used for Cast 35 due to a backlog of samples for the
UEA system. Samples were taken from the Niskins in the WHOI 1-liter bottles with urethane
stoppers. Six duplicates were taken into 2-liter UEA bottles as a check and three of these
were run. The vertical profile for the WHOI samples is shown in Fig. x.x.5, along with the 3
UEA duplicates. Again the UEA concentrations are higher than the WHOI concentrations,
this time by a factor of 1.13, the slope of the line in Fig. x.x.6. That this factor is lower than
the 1.15 for Cast 026 could be due to the drawing of the 1-liter samples before the 2-liter,
rather than visa versa. Note that the WHOI sample from Niskin 6 was deemed to have a
concentration of 0.062 fM, while the sample UEA sample was deemed to have no tracer.

This is a bit puzzling, since the UEA system has a sensitivity of approximately 0.005 fM.
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We can only speculate on why there is this difference between the concentrations. Some
aspects of the WHOI sampling and analysis procedure that could be checked are:

1. Drift of the standard

2. A larger effect of the stoppers than found in 2010

3. Larger losses to the air while sampling than estimated

4. Less sparge efficiency than measured in 2010

5. Loss of some of the sample due to too early backflush of the Molecular Sieve precolumn.
The backflush time was set conservatively based on standard runs, but the time dependence
of a standard eluting from the cold trap can be different from that of a sample because the
standard goes onto the trap all at once while the sample goes on with a long tail as the sparge
tower is flushed with nitrogen. This effect needs to be checked carefully.

In any case, it is recommended that the WHOI concentrations for Cast 035 be multiplied by a
factor of 1.13 before being incorporated with the UEA data.
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Fig. x.x.5. Vertical tracer profile for Cast 035 from WHOI 1-liter samples and analysis (*)
and three duplicates from UEA 2-liter samples and analysis (0).
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Table x.x.2. Comparison of UEA Concentrations with WHOI concentrations, Cast 035.

05

1

1.5

UEA Concentration (fiv)

Niskin # Depth UEA Conc. WHOI Conc. Ratio
(m) (aM) (aM) UEA/WHOI
6 1220 0 62
12 1099 1675 1466 1.14
13 1079 1512 1345 1.12
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4.1. CTD Operations and Calibration Procedures
JB Sallée

Figure 4.1.2: Cruise track (blue), CTD stations (red cross) and
mooring sites (black circle).

4.1.1 Introduction and aim

Fifty-five Conductivity-Temperature-Depth (CTD), 24-bottle rosette stations
were occupied during cruise JR276 (Table 4.1.1). This 55-cast survey had three
main goals for the DIMES program:

e Give the hydrologic context in terms of water mass, front localization and
transport, for analysis of the other components of the program: e.g.
microstructure measurements; tracer sampling; RAFOS and APEX floats.

e Provide hydrologic sections at chock points of the DIMES program: through
the assumed tracer’s centre of mass, west of Drake Passage; at Drake
Passage; and in the Scotia sea, east of very rough bathymetry features. These
sections will eventually feed an inverse model analysis to infer isopycnal and
diapycnal mixing in between those sections.

e Measure the isopycnal and diapycnal dispersion of the DIMES tracer, released
two years ago west of Drake Passage.
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CTD #

O 00 NOULI b WE

A B PP DD PEPPEPPWWWWWWWWWWNNNNNNNNMNNMNNRRRRRRRRPR
Nooub~,wdNRPFPOOONOULPE,WDNPEPOOOLONOUPEDWNPEPRPOOONOE WNDPEDO

time
11-Apr-2011 15:44:01
12-Apr-2011 02:07:13
12-Apr-2011 07:24:30
12-Apr-2011 12:20:37
12-Apr-2011 19:16:01
13-Apr-2011 00:24:05
13-Apr-2011 06:16:33
13-Apr-2011 13:40:33
13-Apr-2011 17:22:13
13-Apr-2011 21:09:57
14-Apr-2011 04:20:58
14-Apr-2011 08:16:02
14-Apr-2011 11:31:48
14-Apr-2011 15:15:36
15-Apr-2011 01:44:52
15-Apr-2011 04:36:48
15-Apr-2011 07:31:28
15-Apr-2011 10:27:31
15-Apr-2011 13:15:21
15-Apr-2011 16:01:00
15-Apr-2011 18:48:35
15-Apr-2011 21:36:18
16-Apr-2011 00:21:42
16-Apr-2011 03:40:56
16-Apr-2011 10:28:57
16-Apr-2011 13:20:40
16-Apr-2011 16:06:09
16-Apr-2011 18:59:59
16-Apr-2011 21:30:25
17-Apr-2011 01:27:51
17-Apr-2011 08:03:16
17-Apr-2011 11:21:32
17-Apr-2011 14:45:03
17-Apr-2011 18:32:06
18-Apr-2011 01:05:42
18-Apr-2011 04:13:37
18-Apr-2011 07:21:27
18-Apr-2011 11:15:12
21-Apr-2011 09:53:08
21-Apr-2011 16:07:59
21-Apr-2011 22:14:12
22-Apr-2011 05:34:10
22-Apr-2011 11:31:28
22-Apr-2011 17:31:50
23-Apr-2011 12:24:27

longitude
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-55.86
-56.06
-56.23
-56.45
-56.64
-56.84
-57.03

latitude
-56.5
-56.92
-57.33
-57.75
-58.17
-58.58
-59
-59.2
-59.4
-59.6
-59.8
-60
-60.12
-60.24
-60.35
-60.47
-60.59
-60.71
-60.82
-60.94
-61.06
-61.18
-61.29
-61.41
-61.53
-61.65
-61.76
-61.88
-62
-62.22
-62.44
-62.67
-62.89
-63.11
-63.33
-63.56
-63.78
-64
-59
-58.68
-58.36
-58.05
-57.73
-57.42
-57.09

max. pressure
4565
2545
2545
4549
2545
2543
5059
2547
2547
2547
2545
2547
2547
5015
2037
2033
2037
2037
2035
2035
2033
2033
2035
4999
2039
2033
2035
2035
2035
4927
2037
2037
2037
4749
2039
2035
2037
4337
3831
3805
3951
4005
3515
3509
4223
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48 23-Apr-2011 19:18:51 -57.23 -56.78 3227

49 24-Apr-2011 03:12:07 -57.42 -56.47 3951
50 24-Apr-2011 07:00:17 -57.42 -56.47 2193
51 24-Apr-201111:29:24 -57.6 -56.15 3563
52 24-Apr-2011 17:00:06 -57.81 -55.84 4845
53 25-Apr-2011 00:43:19 -58.01 -55.52 4299
54  25-Apr-2011 06:09:18 -58 -55.14 2985
55 25-Apr-2011 14:29:46 -57.97 -55.07 2193

Table 4.1.1: List of CTD stations during JR276

4.1.2 General comments significant events

Table 2 refers to significant events that occurred during a CTD station, prior to and / or
after the station. There have been several problems with the termination of the CTD
during the cruise. Some of these problems were due to shortage within the electric cable
between the CTD and the ship. Two occurrences of shortage within the cable at CTD 2
and 16 lead to abortion of the cast. Twice 50 m of cable were chopped to solved the
problem. It is not known whether the problem was due to a manufacturer issue or a
problem caused by the winch. No other shortages have occurred after cast 16. However,
some electric problem caused large spiked in the data (all sensors) from station 43 until
the end of the cruise. We chose to not loose time trying investigating the problem. We
cleaned the profiles in post-processing. The termination was checked at CTD047 but
this not stopped the problem. It is highly recommended that the problem be
investigated before next CTD cruise.

Comments on CTD bottle firing

One of the main goal of the water sampling during JC054 was to measure the
concentration of the DIMES tracer in the vicinity of the isopycnal were it had been
injected two years before: yn=27.9 (around 60=27.68). Therefore, on each cast the
depth of the isopycnal c0=27.68 kg.m3 was noted during the CTD downcast. Twenty-
one bottles were fired at depths centered on the depth of 60=27.68 kg.m-3, with either
20, 25 of 30 m, 40 m or 60 m in between each bottle, depending on station. Two bottles
were allocated to the bottom of the profile, and one to the upper part of the profile.

Comments on CTD deployment duration

In stations were we deployed a VMP, the CTD deployment duration had to
approximately match the VMP cast duration within 1h30 hours. This was usually not a
constraint, the VMP taking always only slightly longer than the CTD. However, CTD049
had to be aborted due to early weight release of the VMP, causing its surfacing much
earlier than expected.

CTD deployment duration was about 0.9 m/s with an offset of 47 minutes for various
things Iuding bottle firing.
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Bottle leaking and firing problems

We had some problem of bottle leaking or not fired when the CTD were coming back on
deck. The tensions of the lanyard have been slightly adjusted on some bottles by making
knots. This changes greatly improved the bottle closure.

One bottle (niskin 14) mysteriously disappeared during CTD052. A new bottle has been
placed in position 1 (12 liters bottle) and niskin 1 were moved to position 14 (niskin 14
is next to the tracer depth, so we preferred using a robust niskin at position 14).

Sensor Failures and Post-cruise Calibrations
There were no CTD sensor failures during the cruise.

Altimetry

The Benthos altimeter worked very reliably, obtaining a good bottom return within 80-
30 m of the bottom. In calm seas the CTD was worked to around 15 m from the bottom.
This was increased to approximately 20 m from the bottom in swell.

Station comments
CTDO002 aborted at 1000 m — termination problem
CTDO016 aborted at 1700 m — termination problem. Chop 50 m of cable
CTDO043 Oxygen sensor gives bad values from CTD043
CTDO47 Spikes on T/S profiles — termination checked
Very large spikes in T/S/P
CTDO0O49 CTD aborted to catch VMP.
CTDO050 Wire out offset variable throughout cast
CTDO052 Bottle 14 gone missing
From CTDO53 Bottle 1 moved to position 14, new bottle at position 1
Station Bottle Problems
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CTDOO1 Bottle 1,2,3 did not fire; Bottle 9, 10 leaked

CTDO03 Bottle 10,16,18,23 did not fire
CTD00O4 Bottle 13 leaked (3 to 4 liters left)
CTDOO06 Bottle 21 did not close

CTDO014 Bottle 21 leaking before opened
CTDO15 Bottle 21 did not close

CTDO018 Bottle 12 leaking

CTDO019 Bottle 22 opened

CTDO020 Bottle 21 leaking

CTD022 Bottle 22 leaking

CTD023 Bottle 22 leaking

CTDO027 Bottle 18 leaking

CTDO028 Bottle 22 leaking

CTDO055 Bottle 5 leaking

Table 4.1.2: significant events and bottle problems during JR276

4.1.3 Instruments and system specification
See NMF’s report for a detailed list of instruments on the rosette.

Configuration

* Sea-Bird SBE 9 Data File:

* FileName = D:\data\jr276\jr276_01.dat

* Software Version Seasave Win32 V 5.39¢

* Temperature SN = 4302

* Conductivity SN = 2248

* Number of Bytes Per Scan = 30

* Number of Voltage Words = 4

* Number of Scans Averaged by the Deck Unit = 1

# nquan =16

# nvalues = 288909

# units = specified

# name 0 = altM: Altimeter [m]

# name 1 = cOmS/cm: Conductivity [mS/cm]

# name 2 = c1mS/cm: Conductivity, 2 [mS/cm]

# name 3 = sbeoxOMm/Kg: Oxygen, SBE 43 [umol/Kg]
# name 4 = par: PAR/Irradiance, Biospherical/Licor
# name 5 = scan: Scan Count

# name 6 = t090C: Temperature [ITS-90, deg C]

# name 7 =t190C: Temperature, 2 [[TS-90, deg C]

# name 8 = prDM: Pressure, Digiquartz [db]

# name 9 = timeS: Time, Elapsed [seconds]

# name 10 = fIC: Fluorescence, Chelsea Aqua 3 Chl Con [ug/]]
# name 11 = pumps: Pump Status

# name 12 = nbf: Bottles Fired

# name 13 = ptempC: Pressure Temperature [deg C]
# name 14 = xmiss: Beam Transmission, Chelsea/Seatech/Wetlab CStar [%]
# name 15 = flag: 0.000e+00

# span 0 = 0.00, 100.00

#spanl= 0.071392, 33.964425

# span 2 = 0.024394, 33.830054

#span 3= 153.558, 418.094

# span 4 = 1.0000e-12, 1.0086e+03

# span 5 = 1, 288909

#span6= 0.7546, 8.7053

#span7= 0.7563, 8.6324



#span8= -0.613, 4564.438
#span9= 0.000, 12037.833

#span10= -0.0062, 847.7152
# span 11 = 0, 1

# span 12 = 0, 24
#spanl1l3=  3.77, 16.76

# span 14 = 2.0523, 101.1159

# span 15 = 0.0000e+00, 0.0000e+00

# interval = seconds: 0.0416667

# start_time = Apr 11 2011 15:44:01

# bad_flag =-9.990e-29

# sensor 0 = Frequency 0 temperature, primary, 4302, 2010-07-16

# sensor 1 = Frequency 1 conductivity, primary, 2248, 25-Jun-10, cpcor =-9.5700e-08
# sensor 2 = Frequency 2 pressure, 0707-89973, 2007-06-13

# sensor 3 = Frequency 3 temperature, secondary, 4235, 25-Jun-10

# sensor 4 = Frequency 4 conductivity, secondary, 2813, 20-Jul-10, cpcor =-9.5700e-
08

# sensor 5 = Extrnl Volt 0 irradiance (PAR), primary, 7274, 12/1/2009

# sensor 6 = Extrnl Volt 2 Oxygen, SBE, primary, 0676, 09-07-2010

# sensor 7 = Extrnl Volt 3 altimeter

# sensor 8 = Extrnl Volt 4 fluorometer, chelsea, 088-216, 2009-08-27

# sensor 9 = Extrnl Volt 6 transmissometer, primary, CST-396DR, 23/08/2007
# datcnv_date = Apr 12 2011 23:33:40, 7.14e

# datcnv_in = G:\ctd\jr276\jr276_01.dat G:\ctd\jr276\jr276_01.CON

# datcnv_skipover = 0

# celltm_date = Apr 12 2011 23:36:53, 7.14e

# celltm_in = G:\ctd\jr276\jr276_01.cnv

# celltm_alpha = 0.0300, 0.0300

# celltm_tau = 7.0000, 7.0000

# celltm_temp_sensor_use_for_cond = primary, secondary

# alignctd_date = Apr 12 2011 23:43:24, 7.14e

# alignctd_in = G:\ctd\jr276\jr276_01ctm.cnv

# alignctd_adv = sbeoxOMm/Kg 5.000

# file_type = ascii

4.1.4 Data processing and calibration
a. Initial Processing using SeaBird Programs

The files output by Seasave (version 7.18) have appendices: .HEX, .HDR, .BL, .CON. The
.CON files for each cast contain the calibration coefficients for the instrument. The .HDR
files contain the information in the header of each cast file. The .HEX files are the data
files for each cast, and are in hex format. The .BL files contain information on bottle
firings of the rosette.
Initial data processing was performed on a PC using the Seabird processing software
SBE Data Processing, Version 7.18. We used the following options in the given order:

e Data Conversion

e Align CTD

¢ Cell Thermal Mass

Data Conversion turns the raw data into physical units. It takes the .CON and
.HEX files and outputs a file called JCO54nnn.cnv, where c08291 is a reference to the
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cruise (JC054), and nnn is the station number. The surface soak was removed from the
data at this point, and a surface pressure offset (obtained from the first _30 readings)
was applied to the .CON file, which was then saved as JCO54nnnp.con.

Align CTD takes the .cnv file and applies temporal shifts to align the sensor readings.

Cell Thermal Mass takes the .cnv files output from Align CTD and makes corrections for
the thermal mass of the cell, in an attempt to minimise salinity spiking in steep vertical
gradients due to temperature/conductivity mismatch.

b. Second processing using MSTAR Programs

Once pre-preprocessed with the seabird programs, the .cnv and .BL files were
transferred from the “CTD computer” to the “NOSEA1 sun machine” were we applied a
series of processing using MSTAR programs. Below is a list of ctd and bottle processing
we applied to each cast:

1. Create a empty bottle netcdf file with all the list of variables needed
(msam_01.m)

2. Read CTD data from the .cnv file and write them into a netcdf “raw” file:
ctd_jc054_nnn_raw.nc (mctd_01.m)

3. Rename variables from SBE original names to mstar variable names, and
apply a hysteresis correction for oxygen (mctd2a.m and mctd2b.m)

4. Average to 1hz, calculate practical salinity and potential temperature, and
create the new files: ctd_jc054_nnn_1lhz.nc and ctd_jc054_nnn_psal.nc
(mctd_03.m)

5. Create an empty dcs file, which is used to store information about start,
bottom and end of good data in the ctd file: dcs_jc054_nnn.nc (mdcs_01.m)

6. Populate dcs file with data to identify bottom, start and end of the cast
(mdcs_02.m and mdcs_03.m)

7. From GPS processed file (posmvpos), merge positions onto ctd start, bottom

and end times. Create the file dcs_jc054_nnn.pos (mdcs_04.nc)

Apply the positions to all other netcdf files created (mdcs_05.nc)

9. Extract downcast data from the “_psal.nc” file, sort, interpolate gaps and
average to 2dbar (mctd_04.m)

10. Read the .BL file from seabird and create a fir file: fir_jc054_nnn_bl.nc
(mfir_01.m)

11. Merge time from ctd onto fir file using scan number (mfir_02.m)

12. Merge ctd fir data onto “fir” file and paste ctd “fir” data into “sam” file
(mfir_03.m and mfir_04.m)

13. Extract data from the techsas file for times from the start to the end of the
1hz ctd file +/- 10 minutes (mwin_01.m)

14. Merge winch wireout onto “fir” file and paste them into “sam* file
(mwin_03.m and mwin_04.m)

@

15. Once salinity from the bottles were analyzed, data were copied into a file:
sal_jc054_nnn.nc (msal_01.m)
16. Salinity were then paste into “sam” files (msal_02.m)
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17. Once tracer concentration were analyzed, data were copied into a file:
cfc_jc054_nnn.nc (mcfc_01.nc)
18. Tracer concentrations were then paste into “sam” files (mcfc_02.m)

19. Create a file bot_jc054_nnn.nc with information about bottle position on
rosette and bottle flag (WOCE flag: 2 if good - 9 if bad) (mbot_01.m)
20. Bottle flags were then paste into “sam* files (mbot_02.m)

21. Finally, we calculated the residuals between bottle salinity and ctd salinity
and paste them into “sam” file (msam_02.m)

All profiles were visually checked using a suite of plots (theta-S; profiles versus depth;
profiles versus scan number) to detect any possible anomaly. Profiles were also plotted
on top of each for different stations, to detect possible sensor drift (mplot_ctdck.m)

In a number of casts, localized small spikes have been detected on the

salinity /conductivity profiles (see Figure 4.1.3). Those spike were removed (replaced
by NaN) using the routine mplxyed.m.
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File name: ctd_jr276_043_psal.nc
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Figure 4.1.3: Temperature(blue), salinity (red) and pressure (black) versus time for cast CTD043. Example of spikes in salinity and
temperature.

were sampling water in a narrow depth range, around the tracer depth. The salinity

differences between bottle salinity and sensors 1 show a strong jump between station
38 and 41 (sample number 200-220). The reason for this sudden failure of sensor 1 is
not known but should be investigated. In contrast, sensor 2 has behaved very well all

along the 55 casts. The salinity differences between bottle salinity and sensor 2 fall
within +/- 0.002 psu (See Figure 4.1.4). We looked for pressure dependence and/or

time dependence, but no clear trend pattern emerged.
We therefore chose to use data from sensor 2.
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Theta-S profiles

We used theta-S profiles as an additional test to detect possible drift of the sensor 2.
Bottom water hydrologic characteristic are known to be very stable, so are a good test
to detect drifts. All theta-S characteristics of bottom water sampled during the cruise
were found to fall in the same narrow band. However, we found profiles from the latest
part of the cruise to be slightly fresher than profiles at the start of the cruise (See Figure
4.1.5). The difference does not appear to be a constant shift in salinity, so appear to be a
real change. The difference is also consistent with previous bottom water studies
finding Atlantic bottom water slightly fresher than Pacific bottom water.
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Figure 4.1.5: Theta-S profiles from the CTD sensor 2 of the cruise JR26. Color shows time, blue being early profile and red last
profiles.

Calibration

Based on the above analysis we decided to use data from sensor 2 without any
calibration. If any calibrations would have been applied, it would have been less than
0.001 psu, less than the targeted accuracy.

4.1.5 Recommendations

We had repeated issue with spikes in data from CTD043 to the end of the cruise (see
Figure 4.1.3 and 4.1.4). In addition, there has been a sudden jump in the quality of
sensor 1 of the CTD around station 