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1 Summary

These notes relate to the production of quality controll&diaxusdata from RV Investigator voyage
IN2015 Va1, from 21 Mar 201%; 30 Mar 2015

Data for2 Triaxusdeployments were acquireith CAP CTD acquisition softwaseng the Seabird SBE911
CTD22. Thedeployments were conducted withstandard tow speed dfetween 7 to 10 knots anti200

m wire out. SeaBird-supplied calibration factorand CSIRO supplied calibratiensre used to compute
the pressuresconductivityandtemperature data. The data were subjected to automated QC to remove
spikes and oubf-range values.

Dissolved oxygen sensors, TransmissomaterCosine Photosynthetically Active Radiation (PAR) sensor
were also installed on the auxiliary A/D channels of the CTD. In addition to the auxiliary cha@aels,
Triplet, Nitrate, Fluorescence ah@®PQvere mounted on the Triaxus as attached payloads.

The standardiataproduct(1 decibar/10 second binned averageslasproduced using data from the
primarysensors to produce an alosigack timeseries datasefor eachCAP deploymentThese
deployments were grouped intéegs, eacltontaininga section of thélriaxusdeploymentand in eacheg,
vertical castsvere createdwith interpolatedvalues from the alongracktime-seriesbinned dataet with a
maximuminterpolationdistance ofl casts. Thse generated the alongrackand vertical cassection data
products for each Triaxugeployment
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2 Voyage Details

2.1 Title

IMOS Southern Ocean Time Series automated moorings for climate and carbon cycle studies southwest of

Tasmania

2.2 Principal Investigators
Tom Trul(CSIR@&A

2.3 Voyage Objectives

The scientific objectives fdN2015 VOlvere outlined in tke Voyage PlaTrull 2015).

For further details, refer to the Voyage Pland/or summarywhich can be viewed on thidarine National

Facility Plans and Summariesb site

2.4 Area of operation
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Figurel Area of operation folN2015_VO0Mwith Triaxus tows highlighted in colour
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http://mnf.csiro.au/Voyages/Investigator-schedules/Plans-and-summaries/2015.aspx

3 Processing Notes

3.1 Background Information

FiveTriaxusdeploymentswvere conducted, divided in th€TD acquisition softwai@AP intd scan files
Flight data from the MacArtneJriaxus were logged containing pitch, roll, altimeter, cable length, ship
water depth and ship speed.

The data for this voyage were acquired with the CSIRO CTERuaiSeabird SBE911 with dual conductivity
and temperature sensors.

The CTD was additially fitted with SBE43 dissolved oxygen sersofransmissometeiNephelometey Cosine
Cosine Photosynthetically Active Radiation (PAR) sensor, ECO Triplet, NEtateescencand LOPCThesesensors are
Thesesensors are described fablel CTD Sensor configuration ¢N2015_V01

P

ce
12-Mar-2015 CSIRO Cal. Lab

| Descripion |
m Digiquartz 410434 1039
Seabird SBE3plus 2751 TO 27-Feb2015 CSIRO Cal. Lab
Seabird SBE3plus 4682 T1 27-Feb2015 CSIRO Cal. Lab
Seabird SBE4C 3311 co 26-Feb2015 CSIRO Cal. Lab
Seabhird SBE4C 3908 c1 26-Feb2015 CSIRO Cal. Lab
SeahirdSBE43 1239 A3 7-May-2014  CSIRO Cal. Lab
Seabird SBE43 2125 A2 5-May-2014 CSIRO Cal. Lab
Wetlabs CStar 1519DR Al 16-Jun2014  Wetlabs

PAR Biospherical QGE300HP 70111 A0 10-Jun2014  Biospherical
WetlabsFLBBCD2K 2916 Payload 2  5-Dec-2012  Wetlabs
_ Satlantic SUNA V2 449 Payload 3
Satlantic FIRe Payload 4
RollsRoyce LORIXTF3 11480 Payload 7

Tablel CTD Sensor configuration dN2015_V01

The raw CTD data were converted to scientific units and written to netCDF format files for processing using
the Matlab-based,CapPrgackageversion2.9.

TheCapPrasoftware was used to appbutomated QC and preliminary processing to the data. This

included spike removal, identification of water entry and exit times, conductivity sensor lag corrections and
the determination of the pressure offsets. The automatically determined pressure offsets-arateén

points were inspected.

Data were Innedinto 1 decibar10 secondaveragedins for each deployment along track in netCDF
format.
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3.2 Pressure calibration

The pressureffsets are plotted irError! Reference source not found.¢ KS W6 f dzS OA NDf Sa
of-water values and the red circles the final aaftwater values.

Surface reference pressures - scan files. 1-8,10-14
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Scan File

Figure2 CTD pressure offsets

3.3 Sensor Correction

3.3.1 Pressire Sensor Location
The location of the pressure sensor relative to the T/C sensors is defined through orthogonal axes XYZ

(origin at T/C sensors) with the vehicle travelling along the X axis (if zero pitch), Z vertically up and Y to port.

The pressure sesor location is given by a distance to sensor along the X axis (+ve pressure forward of T/C),
and Y axis (positive values indicate pressure sensor is to port of T/C) and Z axis (positive value indicates
pressure above T/C).

Using pitch (rotation around &xis, positive nose up) and roll (rotation around X axis, positive clockwise
looking forward) from the Triaxus flight data it is possible to correct the pressure at sensor locations.

Note that the pressure sensor location correction wappliedin thisinstanceandfor reference,
Conductivity and Temperature sensor locationIfé2015_VOWwere as follows (measured in metres):

Primary C/T -0.45 -1.68
Secondary C/T 0.3 -0.45 -0.05

Table2 Pressure sensor location relative to the T/C sensors

3.3.2 Thermal Inertia Correction

The temperature of the boundary layer water passing through the conductivity cell lags the temperature of
the in-situ water due to the thermal mass tife cell. Since derived saliniiy strongly dependent upon
temperature, in order to derive correct salinity the true apparent temperature of the water in the cell is
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required. To derive the apparent temperature given thesiiu temperature we assumefeaction, beta, of

the water (belonging to the boundary layer) is lagged with a time constant, tau. After extensive testing it
has been determined that good correction is achieved using two time constants 7 and 1 seconds with beta
factors 0.013 and 0.00&spectively.

3.4 Other sensors

The Wetlabs Gtar transmissometer was used fldeployments. The transmissometer has been
calibrated to give nominal outputs ofI00% transmission

The Biosphericd® AR sensor was also used for all deployments. The output is a norsinal@. This data
channel has been included in the output files for all deployments. Clearly ofiai@y and environmental
factors such as sea state and cloud cover impact on tressings. If most or all of the values for a
deployment are near zero it indicates a nigimhe cast.

The Eco Triplet sensor array, FIRe, SUNA and LOPC were used for all depldymigriiso Triplet data has
been mergednto the averaged data products drtalibration sheets used have been includedjapendix
[ll: ECO Triplet calibration sheets

3.5 Bad data detectio

Therangelimits and maximum second differender sensors connected to the SBE9+ A/D chanagds
configured inCAPand are written to the netCDF scan file. Typical limits used for the sensor range and
maximum second difference are lrror! Reference source not foundrror! Reference sourceot found..

Range Range Max Second
minimum maxmum Difference
0.5

m -10 10000
-4 40 0.01
-0.01 10 0.01
200 300 05
80 100 1.0
PAR 0 2000 10
m 0 le-3 3e-4
0 2.0 08

Table3 Sensor limits for bad data detection

Data foundto be out of range othaving a second difference abotle maximum second differenceere
flagged as bad and filterdaly CAP.

3.6 Averaging

¢KS REAOF 6SNB WFAL (SNBRQ | ylRBecitall 0\$eddhd avefaet naid0B & G |
deployment filescontaining the timeseries dataThe binned valuesere calculated by applying a linear,
leastsquares fit as a function of pressure to the sensor data for each bin, using this to interpolate the value

for the bin midpoint. This method is used to avoid possible biases which would result from averading wit
respect to time.

3.6.1 QC flags
Each binned parameter is assigned a QC flag. Our quality control flagging scheme is described in Pender
(2000). The QC Flag for each bin is estimated from the values for the bin components. The QC Flag for
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derived quantities, sth as Salinity and Dissolved Oxygen are taken to be the worst of the estimates for the
parameters from which they are derived.

3.6.2 Vehicle Position Correction

¢2 LINPOARS | o0SGGSNI SaldAYFGS 2F GKS ¢ NAI Eatzdla® | O d:
a location for the averaged data. This used the wire out, pressure, the ships current location and a window

of the previous locations along which the Triaxus is assumed to have traversed to derive an estimated true
location of the Triaxus.

3.6.3 Vertical Cast Creation

W+ SNIAOFE OFLadtaQ oSNBE ONBFGSR FNRY GKS f2y3 GNFO
of data points geographically located at the minimum and maximum pressure points of an undulation. Data

for a vertical cast isatived by interpolating between the binned data points on the upcast and downside of
either side of the vertical cast.

Triaxus Path
Vertical Casts

Interpolated
Data Point
Binned

Data Point

Figure3 Vertical Cast Creation
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3.7 TriaxusDeploymens

Deploynment Leg Scan File
1 1 1
2

3

4

5

6

7

2 8

9

1 10

11

2 12

3 13

14

Start time
201503-21T21:40:592

201503-21T23:53:08Z
201503-22T00:13:10Z
201503-22T01:38:227
201503-22T03:41:33Z
201503-22T04:37:58Z
201503-22T10:10:52Z
201503-22T10:17:51Z
201503-26T04:27:217
201503-26T04:28:08Z
201503-26T10:49:237
201503-26T14:25:13Z
201503-26T15:49:527
201503-26T17:39:15Z

End time
201503-21T23:50:01Z

201503-21T23:59:39Z
201503-22T01:15:27Z
201503-22T03:39:482
201503-22T04:31:392
201503-22T10:09:37Z2
201503-22T10:15:432
201503-22T11:45:572
201503-26T04:27:432
201503-26T10:49:10Z
201503-26T14:24:062
201503-26T15:49:30Z
201503-26T17:40:062
201503-26T19:34:05Z

Start lat.
45 19.063S

45 31.022S
45 32.646S
45 39.797S
45 50.570S
45 55.670S
46 27.102S
46 27.740S
47 18.149S
47 18.157S
47 18.833S
47 07.083S
46 55.173S
46 53.261S

Table4 CAP deployment grouping

Start long.
144 24.582E

144 04.440E
144 01.698E
143 49.613E
143 31.361E
143 22.895E
142 37.920E
142 37.020E
143 59.667E
143 59.670E
142 48.604E
142 11.422E
142 04.432E
141 44.277E

End lat.
45 30.766S

45 31.547S
45 37.828S
45 50.419S
45 55.067S
46 26.989S
46 27.541S
4628.273S
47 18.152S
47 18.832S
47 07.245S
46 55.217S
46 53.255S
46 52.212S

End long.
144 04.872E

144 03.554E
143 52.946E
143 31.619E
143 23.794E
142 38.074E
142 37.295E
142 26.761E
143 59.668E
142 48.647E
142 11.512E
142 04.459E
141 44.124E
141 28.764E

CAP deployments were grouped for each Triadeoyment and le@s shown ifmable4 above This was
followed by the creation of vertical casts at the top and bottom apex@the flight path.Using the

binned timeseries datathese vertical castwerefilled byinterpolation to a maximum obneO a i & Q
distance. These were then connected aktragk to providean alongtrack section profile.

Section plots for each towao be foundn Appendix |: Section Plgteach containing plots fahe Primary
Temperature, Salinity, Oxygen and PAR. Along with Chlorophyll, CDOM, OBS and Trampsotisdiaa

an along track distance

Sections were then g@orted as both vertical casts and aletigck data products in netCDF format.

3.8 Significant Data Issues

Scan files b and 13were missing the ships latitude and longitude GPS data and values were populated
with the processed 5 second underway data. Thedees were interpolated (linear) to fill data in the scan
files 24Hz at the corresponding time reported.

During the processing otan file 2 it was found to have large number of consecutive scans having
duplicatedtimes. The times for these segmentke corrected by findingnique times in the scan file and
producing a histogram to find duplicates.

Whileinspected thecorrectedtimes, it was discovered that scan file$ alsohad a regular pattern of 3
consecutive values at the same timkeis suspcted that these files were recreated due to an incorrected

entered calibration values which may have caused this data artefact resulting in what appears to be data at

8-10Hz instead of 24Hz.

In scan file 2there were 40 instances where there were gredtean 3consecutivescans withduplicate
times. Assome of thesénstances spannechore than 40 scan$ wasnecessaryo correct these before a
binned time could be calculated. The correction wéiaear interpolationbetween the first value and the

next increment in time with an example of this is showirigure4.
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Figure4 Example of time correctioperformed with crosses indicated original duplicate times and the line the interpolated times

It was found that PAR sensor data had been acquired with the incorrect calibration values applied, further
investigation found that the wrong calibration sheet ammdrula were used. The values were subsequently
recalculated from the raw counts and the correct calibration values which can be fodqubéndix 1l: PAR
sensor calibration sheet

in2015_v01_triaxus_processing_report.docx



-11-

4 References

Trull, T., 2055: The RV Inwatigator. Voyage Plan IN2D1V01- http://mnf.csiro.au/~/media/Files/Voyage
plansand

summaries/Investigator/Voy@ge%20Plans%20summaries/2015/IN2015 V01 Voyage%20Plan_SOTS Trull F
INAL%2020150317.ashx

Pender, L., 2000: Data Quality Control Flags.
http://www.cmar.csiro.au/datacentréext docs/DataQualityControlFlags.pdf

SeaBird Electronics Inc., 281Application Note No 64: SBE 43 Dissolved Oxygen SeBsmkground
Information, Deployment Recommendations, and Cleaning and Storage.
http://www.seabird.com/sites/default/files/documents/appnote64Junl3.pdf

in2015_v01_triaxus_processing_report.docx


http://mnf.csiro.au/~/media/Files/Voyage-plans-and-summaries/Investigator/Voyage%20Plans%20summaries/2015/IN2015_V01_Voyage%20Plan_SOTS_Trull_FINAL%2020150317.ashx
http://mnf.csiro.au/~/media/Files/Voyage-plans-and-summaries/Investigator/Voyage%20Plans%20summaries/2015/IN2015_V01_Voyage%20Plan_SOTS_Trull_FINAL%2020150317.ashx
http://mnf.csiro.au/~/media/Files/Voyage-plans-and-summaries/Investigator/Voyage%20Plans%20summaries/2015/IN2015_V01_Voyage%20Plan_SOTS_Trull_FINAL%2020150317.ashx
http://mnf.csiro.au/~/media/Files/Voyage-plans-and-summaries/Investigator/Voyage%20Plans%20summaries/2015/IN2015_V01_Voyage%20Plan_SOTS_Trull_FINAL%2020150317.ashx
http://www.cmar.csiro.au/datacentre/ext_docs/DataQualityControlFlags.pdf
http://www.seabird.com/sites/default/files/documents/appnote64Jun13.pdf

-12-

5 Glossary

Deploymentg relates to one instance of the Triaxus entering the water, being towed for a period of time
and followed by retrieval fnm the water.

LegcNBf FGSa G2 I waSOlAz2yQ 2F GKS RSLIX 2@8YSyid O2ydal A
geographic region etcThis can be part of or the whole deployment.

Scan filg; a file structure containing data collected from the depimnt of the CTD and auxiliary sensors.
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6 Appendix |: Section Plots

Deployment 1 Leg 1
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Deployment 1 Leg 1
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Deployment 1 Leg 1
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Deployment 1 Leg 2
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Deployment 1 Leg 2
Primary Oxygen (uM)
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Deployment 1 Leg 2
Chlorophyll (ug/L)
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Deployment 2 Leg 1
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Deployment 2 Leg 1
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