LMG 1601 LTER

Cruise Data Report

Alec Chin and Julian Race

3 Jan, 2016 — 17 Feb, 2016




Table of Contents

INTRODUGCTION....ceceeiiiteeetetetiee ettt e et e et aeaeaeeeaeeeseeeseseseeesesesesese s s se s e se s e se s e sesesesesesess s e s e sesesesnsesnsennnnnnnnnes 1
ARCHIVE DATA EXTRAGCTION ...cetetieeiiieteeeeeeeeeteeeeetesesesesesesesssssssssssesssssssesssssssssssssssssssssssssssssssssssnsssssnssnnnes 2
DISTRIBUTION CONTENTS . ... e etititttitititititttettteieseeeeeeeeseeseseeesssessss e sessssssss s ssssssssssss s s sssssssssssssssnsssnsesnnnsnnnnes 3
B L PSP PPPPPPPPPPPRPPPPIN 3
L7 Y11 7. [0 TP PP OPPPPPRPPTP 3
IMAGERY ..tieiiiiiit ettt e ettt e e e ettt oo e oo ettt e e e 44 ek E e et e e e oo e R e et e e e e e e e R e e et e e e e e e e e e e e e e a e r e e e e e s 3

L OGS HEETS it i ittt ittt ettt ettt e ettt e e e e s ettt e e e e e e e a e et e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e 3
IVIAPS L.ttt e e et e e e e e r e e e e e e s e et e e e e e s a e e e e e e e s 3
OCEAN (CTD, XBT AND XCTD) ...tttttttiaaiiaiitieetea e e e e sttt e e e e e e e ttbbe et e e e e e s s abbee e e e e e e e s annbsseeeaaeesaaanbaneeeaaeesaannnes 3
(O o= T= 1Y D = N PP O PP PPPPP PPN 3

J(O o1 T= T g7 D O I B PP PPOTPPPROPIIN 3

J(@ o1 1o 1O 1 5 T U PO PP P PPPPPPRRTRI 4
DATA AND SCIENCE REPORT .....ottiiiittiieeiitteee e sttt e e sttt e et et e e s s et e s e s e e s s n e e s e nne e e s snne e e e ennne e e s nnne e e s enreeeeennns 4
T = o USROS PRPRTPPTRR 4
AN 4 O 11\ S PP PRUPPPPPPPPRPPPPIN 4

(O ] O o 1 T, 4

N 10 S B . NS i PP P PRSP PP PPPP 5
PCOZ-MERGED DATA SET ..ottt e et e e e e e s e sttt e e s s s e e e e e e e e e s s anens 6
RV D AS e s 7
=3 CeTo ol [oTe or= I B - v- OO OUPPRPPP 7

N E NV ToFo N i ol o LI B - | - WP PPURPR 7
LC1=To] o] 1)V A (o= L D= L c- VST URT PR POP 7

Ot =F-TaTo o] ¢=T o] o 1Tl B T - W PSP PTPTR PO 7
DATA FILE NAMES AND STRUGCTURES. .......ooutitiiiiitiitiitiiiiitiiereeeieseresesssssssesesesssssesesesssssssssssssssssssssnnssssenes 8
LKNU — KNUDSEN CHIRP 3260 SONAR .....ctttieeiiitiieeiitteeeesstteeeesssseeeesasmeeeesssneeessasneeessasneeeesanneeesssnnneessanneeessn 9
LWINZL = WINCHES ....tteeeeiitteee st ee et e ettt e e et e e s es et e e s em et e e s em et e e s em et e e s emne e e e s an et e e s amneeeesnnnneeesanneeeennn 9
LMWX — CAMPBELL METEOROLOGICAL DAS ...ttt e e e e 9
LSEA — WET WALL FLOWS, TRANSMISSOMETER ....e.vtteuteesteesteesseessesaseeanseesseessesssesssssssseanseensesssesssesssesssesnsesnes 11
UTSG — MICROTSG, THERMOSALINOGRAPH ....cvuuiiiiitiieeiitieeeeetieeeeeeteeesstaeesett e eeeataeeessaeesestaeesesaaesssnnaeeesen 12
LRTM — DIGITAL REMOTE TEMPERATURE .....ctttiitieeiiiiitrttttteeessasitnesteesesssasssaeete e e s s s ssnnne et e e e s s s sasrnaneeeeeessannns 12
LDFL — FLUOROMETER, WETLAB ECO ...ttt 12
LGOZ — OXYGEN SYSTEM .eiiiiiiiiiitiiiiieeesiiittit it e e s s st e s s e s s s e e e e e s s s bbb e e e e e e e s s s b bbb e et e e e s s s sabbbaeeeeeessaannns 13
LOXY — OXYGEN (PART OF PCO2 SYSTEM, SEPARATE FROM OXYGEN SYSTEM) .....ccccvriiiiieeeieiiiinneeeeeeeeennnns 14
LPCO — PCOZ SYSTEM ..ttiiiiiiiiiiiitiiiiie ettt et e e e e s s s bbb e et e e e e s s s bbb a e e e e e e s s s sabbbaaeaaeeesaanens 14
LSVP - SOUND VELOCITY PROBE IN ADCP TRANSDUCER WELL .....ctiiiiiiiiiirreee e e snree e 15
LADC — ADCP SPEED LOG ...ciiiutiiieiitieit ettt ettt e s e e s e e s s e e e s e e e s e e e e e nnneee s 15
[N €7 T SO PPPR PP 15
LSEP — SEAPATH 330 GPS ...ttt e et e e e e e st e et e e e s e e s r e e e e e e e e aannn 16

[T = R €7 2 Y TN T 17




[N SR Y I ] =T od =1 LY/ = = TN 19

LIMG SEINSORS ...ttt e et et s st s st 8585858555555 5 8855858585 R e £ s R e R s R e s s R e s e s e nnnnnnnennnnnes 20
SHIPBOARD SENSORS ....cettttetiiitttttttteesstasssseetaeesssassre ettt aeessaass e e e et e eeesaa bbb ae et e e e e e s s s bnreeeeeesaasanrrnneeeeeesaannn 20
CTD SENSORS ...ttt te e et sttt e e e e e skttt e e e 4o ettt e e e 4o e s b e e et e e e e e s bR e ettt e e e e e e b bnbe et e e e e e e sanrrnneeeeeesaannnns 20
TRACE METAL CLEAN CTD SENSORS ....citiiiiitttteeiteeesiiitsreetteessaasssse et e e e s s s ssnre st e tae e s s asssrreeeeeaesssasnnreeeeeeees 20
MOGCNESS SENSORS ...ciiiiiiiitttieiite e e sttt e e e s sttt e e e s e s s a e et e e e s s s s b b s ae e e e e e s s e st bra et e e e e s s s s aasrreneeeeeesaannns 21
UNDERWAY CALIBRATION SHEETS ..iiiiiiiiitrttitiieessssitrtsettte s s s s ssitraststee s s s s sissrsseeaee s s s s sssbrasteeeesssasasrrnneeeessssasnns 22
CTD CALIBRATION SHEETS ...iiuttttettteiesiitrtreetteessssitrsstttae s s s s sssbaesstese s s s ss s e et e e e e e s s b rareeeeeessasasbrnneeeeeessasnns 37
TRACE METAL CLEAN CTD CALIBRATION SHEETS.......ciiitttiiiiieeiiiiiiiiii et n s s s ssnnnnena e 47
MOCNESS SENSORS ....uuuuutitininuiis s 58

ACQUISITION AND PROCESSING INFORMATION ....cuiiiiiiiiiiiiiiiiiieieieueieseresesssssssssssssssesesssssssssssssssssssenes 61

ERRORS AND EVENTS ..ouiiiiiiiiiiiie e et e ettt e et e e e e e e e e et e e e e et e e e e et e e e eeaa e e s aaaneeeeaansaesaaa e sssansesrannsesrnnneereen 61




Data Report for LMG1601 ARSV Laurence M. Gould

Introduction

The LMG data acquisition systems continuously log data from a suite of instrumentation throughout the
cruise. This document describes the format of that data and its location on the distribution CDs or DVDs.
It also contains important information that may affect how this data is processed such as instrument
failures or other known problems with acquisition.

All of the data has been archived with the Unix “tar” command and/or compressed using Unix “gzip”
compression. Tar files have a “.tar” extension and Gzipped files have a “.gz” extension. Tools are
available on all platforms for uncompressing and de-archiving these formats. On Macintosh, Stuffit
Expander with DropStuff will open a tar archive and uncompress gzipped and Unix compressed files. For
Windows, WinZip, a shareware utility included on this CD (remember, it is shareware) will open these
files.

In some cases to adhere to the ISO9660 format the .tar extension was removed. When we tarred the
files then gzip the tar archive the name of the file became File.tgz. This name does not follow the 8.3
naming convention of the ISO9660 format. On Windows and Mac Platforms Winzip and Stuffit Expander
handles this just fine. When they expand the File.gz the expanded file becomes File.tar, which both
software packages can handle. On Unix platforms gunzip expands File.tgz but it does not append the .tar
extension. So you may not recognize the file as a tar archive, but OS does recognize it as a tar archive.
If you use the file command it will return saying it is a tar file. The below tar command will un-archive the
file just fine.

IMPORTANT: Read the last section in this document, Acquisition Problems and Events, for
important information that may affect the processing of this data.

Lockheed Martin Antarctic Support Contract 1 United States Antarctic Program



Data Report for LMG1601 ARSV Laurence M. Gould

Archive Data Extraction

It is often useful to know exactly how an archive was produced when expanding its contents. Tar files
were created using the following commands:

tar cvf archive-file files-to-be-archived
To create a list of the files in the archive:

tar tvf archive-file > contents.list
To extract the files from the archive:

tar xvf archive-file file(s)-to-extract

G-zipped files will have a “.gz” extension on the filename. These files can be decompressed after de-
archiving, using:

gunzip filename.gz

Lockheed Martin Antarctic Support Contract 2 United States Antarctic Program
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Distribution Contents

ADCP
/ADCP/

This directory contains a tar file of gentoo’s proc directory, which contains a database of the averaged
ping data, Matlab m-files used in processing the data, and daily graphs of the currents. For more
information contact Teri Chereskin at tchereskin@ucsd.edu .

Calibration
/Cal/

Refer to the InstCoef.txt file along with the specific instrument calibration sheets in this report for
information on how the RVDAS data was collected and processed.

Imagery
/Imagery/

This directory contains things such as ice imagery, isobar charts, sat imagery, wave and wind images,
and weather reports.

Logsheets
/Logsheets/

This directory contains scanned paper log sheets in PDF format for various science of opportunity or
projects or cruise related science, including such things as XBT’s, XCTD's, air sample log sheets, oxygen
system maintenance logs, etc.

Maps
IMaps/

This directory maps and mapping data generated by the ship’s MCIS and automated scripts, usually in
JPEG or PostScript format, plus any maps provided for this purpose by the on-board science party.

Ocean (CTD, XBT and XCTD)

/Ocean/XBT

Contains a zip archive of XBT data generated for the Drake Transect by NOAA standard “AMVERSEAS”
software. Non-Drake transect data may also be included, which will a combination of binary and ascii
files generated by standard Sippican MK-21 software.

/Ocean/XCTD

Expendable Conductivity, Temperature, and Depth (XCTD) digital probes were used to obtain water
column temperature and Salinity profiles. The two files were created for each drop .RDF files contain the
raw data, and the .EDF contain the exported ascii data.

Lockheed Martin Antarctic Support Contract 3 United States Antarctic Program
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/Ocean/CTD

This directory contains the directory structure copied over from the CTD computer, and includes
subdirectories for graphs, software configuration files, processing scripts, calibration files, raw data, and
processed data.

Data and Science Report
/Report/
Copies of this report in MS Word and pdf formats.

Science
/Science/

This directory, if populated, contains data specified by the on-board science party.

WAYPOINTS
/waypoint/

Contains the waypoint file used for the cruise; this is read by the DAS system and the selected waypoint
is displayed on the CCTV system. It also contains a GPX trackline file for the cruise.

QC Plots
/process/QC.tar

Postscript files of data stored each day on RVDAS for quality control analysis during the cruise. There
are 3 types of files, named metXXX.ps, navXXX.ps, and oceanXXX.ps, where XXX is represents the
Julian day. Met files are a summary of the data from the meteorological instruments, Nav files are a
summary of navigational data, and Ocean files are a summary of the underway seawater and bathymetry
data.

Lockheed Martin Antarctic Support Contract 4 United States Antarctic Program
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JGOFS Data Set
/Process/JGOF/

The JGOFS data set consists of a single file produced each day named jg<julian_day>.dat.gz where
<julian_day> is the day the data was acquired. The “.gz” extension indicates that the individual files are
compressed before archiving. The daily file consists of 22 separate columnar fields in text format, which
are described below. The JGOFS data set is obtained primarily by applying calibrations to raw data and
decimating to whole minute intervals. However, several fields are derived measurements from more than
a single raw input. Note: Null, unused, or unknown fields are filled with 9's in the JGOFS data.

Additionally, 3 separate QC plots are generated daily by the ET using the JGOFS data set. These plots
include TSG and Bathymetry data, meteorological data, and navigation data. The files are called

ocean<julian_day>.ps, met<julian_day>.ps, and nav<julian_day>.ps respectively.

Field Data Units

01 GMT date dd/mml/yy

02 GMT time hh:mm:ss

03 GPS latitude (negative is South) Ddd.dddd

04 GPS longitude (negative is West) Ddd.dddd

05 Ships speed Knots

06 GPS HDOP -

07 Gyro Heading Degrees (azimuth)
08 Course over ground Degrees (azimuth)
09 Mast PAR uEinsteins/cm® sec
10 Sea surface temperature °C

11 Not used -

12 Sea surface salinity PSU

13 Sea depth (uncorrected, calc. sw sound vel. 1500 m/s) meters

14 True wind speed (port windbird) meters/sec

15 True wind direction (port windbird) degrees (azimuth)
16 Ambient air temperature °C

17 Relative humidity %

18 Barometric pressure mBars

19 Sea surface fluorometry ug/l

20 Transmissometer Volts (0-5)

21 PSP W/m?

22 PIR W/m*

Lockheed Martin Antarctic Support Contract 5
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ARSV Laurence M. Gould

pCO2-merged Data Set
/Process/PCO2/

00+346:23:58:20.672 2000346.9991 2398.4 1008.4 0.01 45.4 350.3 342.6 15.77 Equil -43.6826

173.1997 15.51 33.90 0.33 5.28 9.05 1007.57 40.0 14.87 182.44 -1

Field |Data Units
1 RVDAS time tag
2 pCO, time tag (decimal is fractional time of day) yyyyddd.ttt
3 Raw voltage (IR) mV
4 Cell temperature °C
5 Barometer MBar
6 Flow rate ml / min
7 Concentration ppm
8 pCO, pressure microAtm
9 Equilibrated temperature °C
10 Sea Water Temp 1 or 2 digits
11 Valve position °C
12 Flow source (Equil = pCO, measurement) text
13 RVDAS latitude degrees
14 RVDAS longitude degrees
15 TSG external temperature °C
16 TSG 1 salinity PSU
17 Fluorometer \Y
18 RVDAS true wind speed m/s
19 RVDAS true wind direction degrees
20 Barometric Pressure mBars
21 Uncontaminated seawater pump flow rate I/min
22 Speed over ground knots
23 Course made good degrees
24 Oxygen UM
25 TSG 2 internal temperature °C
26 TSG 2 salinity PSU
27 TSG 1 internal temperature °C

-1 stern
28 H20 Input Source thrustor

0 moonpool

Lockheed Martin Antarctic Support Contract 6
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RVDAS
/IRVDAS/

RVDAS (Research Vessel Data Acquisition System) was developed at Lamont-Doherty Earth
Observatory of Columbia University and has been used on the R/V Maurice Ewing for several years. It
was adapted for use on the Nathaniel B. Palmer and her sister ship, the R/V Laurence M. Gould.

Below you will find detailed information on the data included. Be sure to read the “Significant Acquisition
Events” section below for important information about data acquisition during this cruise.

Meteorological Data

Measurement File ID Collect. Status | Rate Instrument

Air Temperature Imwx continuous 1 sec R. M. young 41372LC
Relative Humidity Imwx continuous 1 sec R. M. young 41372LC
Wind Speed/Direction | Imwx continuous 1 sec Gill Ultrasonic

PAR, Imwx continuous 1sec BSI QSR-240

(Photosynthetically-
Available Radiation)

Barometer Imwx continuous 1 sec R. M. young 61201
Ultrasonic Wind Imwx continuous 1sec Gill Wind Observer Il
Speed/Direction

PIR (LW radiation) Imwx continuous 1 sec Eppley PIR

PSP (SW radiation) Imwx continuous 1 sec Eppley PSP

Oxygen Igo2 continuous 1 min UCAR Oxygen system
Navigational Data

Measurement File ID Collect. Status | Rate Instrument

Gyro Igyr continuous 0.2 sec Meridian Bridgemate Gyro
Garmin GPS Igar continuous 1 sec Garmin 17

Seapath GPS Isep Continuous 1 sec Seapath 330
Geophysical Data

Measurement File ID Collect. Status | Rate Instrument
Bathymetry Iknu variable Varies Knudsen Chirp 3260
DUSH 11 Winch lwnl variable varies Markey DUSH 11
DUSH 5 Winch lwnl variable varies Markey DUSH 5
DUSH 4 Winch lwnl variable varies Markey DUSH 4
COM10 Winch lwnl variable varies Markey COM10

Oceanographic Data

Measurement File ID Collect. Status | Rate Instrument
Salinity utsg continuous 3 sec SeaBird 45
Salinity tsg2 continuous 3 sec SeaBird 45
Sea Surface Irtm continuous 1sec SeaBird 38
Temperature

Fluorometry (digital) Idfl continuous 1sec Wetlab ECO
ADCP, Speed Log ladc continuous 1sec RD Instruments
Oxygen loxy continuous 1sec

PCO2 Ipco2 continuous 2.5 min

Lockheed Martin Antarctic Support Contract 7 United States Antarctic Program
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Data File Names and Structures

RVDAS data is divided into two broad categories, Underway and Navigation. The groups are
abbreviated “uw” and “nav”. Thus, these two tar files, Imguw.tar and Imgnav.tar exist under the top-level
rvdas directory. The instruments are broken down as shown. Each data file is g-zipped to save space on
the distribution. Not all data types are collected every day or on every cruise.

RVDAS data files are named following the convention: LMG[FilelD].dDDD.

e The FilelD is a 4-character code representing the system being logged, for example: Imet (for
meteorology)
o DDD is the Julian day of the data collection

Underway Data File ID Navigation Data File ID
Meteorological - Campbell Imwx Gyro Compass Igyr
Knudsen Iknu Garmin 17 GPS Igar
microTSG utsg Seapath 330 GPS Isep
Digital Remote Temperature | Irtm AIS lais
Fluorometer — Wetlab ECO dfl

ADCP ladc

Sound Velocity Probe Isvp

GUV & PUV lguv

PCO2 System Ipco

Oxygen loxy

Wet Wall Flows Isea

Winches: Dush4,5,&11 lwnl

Net Depth Sensor Inds

Data is received by the RVDAS system via RS-232 serial connections. The data files that comprise the
rvdas data set are described below. A time tag is added to each line of data received and the data is
written to disk.

YY+DDD:HH:MM:SS.SSS [data stream from instrument]

Where, YY: two-digit year, DDD: Julian Day, HH: 2 digit hours, MM: 2 digit minutes SS.SSS: seconds. All
times are UTC.

The delimiters used to separate fields in the raw data files are usually spaces and commas, but other
delimiters are used (::, =, @) and occasionally there is no delimiter. Care should be taken when
reprocessing the data that the field separations are clearly understood. Example data strings of the
loggers follow.

Lockheed Martin Antarctic Support Contract 8 United States Antarctic Program
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Iknu — Knudsen Chirp 3260 Sonar

14+002:19:07:04.648 3.5kHz,4000.92,1,12.0kHz,4001.12,1,1500,-57.343073,-63.750720

Field |Data Units

1 RVDAS Time Tag

2 3.5kHz — low frequency header

3 LF - depth to surface meters

4 LF — Depth Valid Flag

5 12.0kHz — high frequency header

6 HF - depth to surface meters

7 HF — Depth Valid Flag

8 Sound speed velocity m/s

9 Latitude Dec degrees
10 |Longitude Dec degrees

Ilwnl - Winches
08+033:11:27:50.673 RD,DUSH-5,00111.63,00000000,-0000012,1938

Field |Data Units
1 RVDAS Time Tag

2 Record Identifier, RD=Remote Data

3 Winch Indentifier, DUSH-X where Xis 4, 5, or 11

4 Tension Ibs

5 Speed Meters/minute
6 Payout meters
7 Checksum

Imwx — Campbell Meteorological DAS

08+034:13:52:14.216 PUS,A,356,002.15,M,+332.28,+000.97,60,08

Field |Data Units
1 RVDAS Time Tag

2 PUS tag — Port UltraSonic Anemometer

3 Unit Identification, A-Z

4 Port Wind Direction, degrees relative to Bow deg
5 Port Wind Speed m/s
6 Units, M=meters per second

7 Sound Speed m/s
8 Sonic Temperature °C

9 Status, 0=0k, 60=Heating Enabled & ok, Other value mean a fault

10 |Check Sum

08+034:13:52:14.454 MET,12.22322,44.25706,-75,-25,-363.6365,2.332982,-0.08215196,278.6845,

279.2192,854.6198,854.6184

Field |Data Units
1 RVDAS Time Tag

2 MET tag

3 Power Supply Voltage Volts

4 Enclosure Relative Humidity %

5 Air Temp °C

6 Air Relative Humidity %

7 PAR mVolts
8 PSP Thermopile mVolts
9 PIR Thermopile mVolts
10 PIR Case Temperature °K

11 PIR Dome Temperature °K

Lockheed Martin Antarctic Support Contract 9
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ARSV Laurence M. Gould

Field |Data Units
12 Barometer mBars
13 Second Barometer (experimental) mBars

Lockheed Martin Antarctic Support Contract

10
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ARSV Laurence M. Gould

Isea — wet wall flows, transmissometer

12+004:12:01:04.438 WetLab_1,14.1,XMISS,3.098,V,0.000,0.000,0.000,-928.535, -

220.566,0.000,0.000,T,NAN,NAN,NAN,NAN,P,0,0,F,47.91811,0,6.815308,0,0,0,0,0,1,1,1,1,1
Field Data Units
01 RVDAS Time Tag

02 WetlLab 1 Text

03 Internal Temperature °C

04 XMISS Text

05 Transmissometer V

06 V Text

07 Double Ended Voltage 1 V

08 Double Ended Voltage 2 V

09 Double Ended Voltage 3 V

10 Voltage 1 (often used for YoYo xmiss) V

11 Voltage 2 (often used for YoYo altimeter) V

12 Voltage 3 \'4

13 Voltage 4 V

14 T Text

15 Temperature 1 °C

16 Temperature 2 °C

17 Temperature 3 °C

18 Temperature 4 °C

19 P Text

20 Pulse Counter 1 Number
21 Pulse Counter 2 Number
22 F Text

23 Flow Counter 1 Number
24 Flow Counter 2 Number
25 Flow Counter 3 Number
26 Flow Counter 4 Number
27 Flow Counter 5 Number
28 Flow Counter 6 Number
29 Flow Counter 7 Number
30 Flow Counter 8 Number
31 I Text

32 Digital Input 1 Number
33 Digital Input 2 Number
34 Digital Input 3 Number
35 Digital Input 4 Number

Lockheed Martin Antarctic Support Contract
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utsg — microTSG, Thermosalinograph

For further information on this data, check www.seabird.com for SBE 45 MicroTSG Thermosalinograph

08+037:13:45:57.596  2.6470, 3.03853, 33.8129, 1459.351

Field |Data Units
1 RVDAS Time Tag

2 Internal water temperature °C

3 Conductivity S/m
4 Salinity psu
5 Sound Velocity m/s

Irtm — digital Remote Temperature

For further information on this data, check on www.seabird.com on SBE38 Digital Thermometer

08+037:13:47:17.841 2.2527

Field |Data Units

1 RVDAS Time Tag

2 External water temperature °C

Idfl — Fluorometer, Wetlab ECO

08+037:13:55:08.434 99/99/99 99:99:99 0.00 2585 73 543

Field |Data Units

1 RVDAS Time Tag

2 Fluorometer Date mm/dd/yy
3 Fluorometer Time hh:mm:ss
4 Chlorophyll Signal ug/l

5 Reference rq

6 Counts — Chlorophyll Signal Count

7 Thermistor

Lockheed Martin Antarctic Support Contract 12 United States Antarctic Program
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I[go2 — Oxygen System

For further information on this data, please contact Britt Stephens at stephens@ucar.edu

12+301:22:35:30.558 81300.8 16.0 32.0 000.0 005.0 1.2589631 1.2379622 744.549 111.853 131.642 -
2.089 -2.448 723.594 002.50 086.43 099.74 002.77 000.97 050.65 0.000 001.19 065.59 039.48
1966.097 01.345 37.0171 37.8433 000.0 000.0 20.66 20.41 -92.0 28.66 37.44 42.33 37.80 47.95 0.0
01.88 0.0001711 0.0001712 0.0000747 0.0000725 02.657 02.678 -1 0.0000895 -043.94

Field |Data Units

RVDAS Time Tag

jsecoday - Seconds since midnight

jselflag - 8 bit decimal value indicated selected gases

jprgflag - 8 bit decimal value indicated purged gases

jgenflag - 8 bit decimal value indicated other parameters

jfcvl - voltage on Fuel Cell #1

jfcv2 - voltage on Fuel Cell #2

1
2
3
4
5 jmfcflag - 8 bit decimal value indicated mass-flow controller states
6
7
8
9

jpfcell - pressure in torr at fuel cells

10 |jlico2a - CO2 in ppm in Li7000 Cell A

11 |jlico2b - CO2 in ppm in Li7000 Cell B [CO2 MEASUREMENT]

12 |jlih2oa - H20 in ppt in Li7000 Cell A

13 |jlih2ob - H20 in pptin Li7000 Cell B

14  |jlipb - pressure in torr at Li7000 Cell B

15 |fimfcset - mass-flow controller set voltage

16  |jfll1 - flow in sccm on Inlet Line #1

17  |jfll2 - flow in sccm on Inlet Line #2

18 |[ffllt - flow in sccm on Long-Term reference cylinder

19 |[jflcal - flow in sccm on selected Calibration cylinder

20 |jflwta - flow in sccm on selected Working Tank Cylinder

21 |jvsoset - purge line voltage-sensitive orifice set voltage

22  |jflpurge - flow in sccm on purge line

23  |jflwtb - flow in sccm on Working Tank line through sensors

24 |jflsp - flow in sccm on Span line through sensors

25 |jpfridge - pressure in torr inside fridge trap

26 |jtfridge - temperature in C inside fridge trap

27  |jtmpt - fuel-cell control temperature (thermistor) in C for MPT10000

28  |jtfcell - fuel-cell thermistor temperature in C

29 |jtachl - rmp of fan inside Line #1 Inlet

30 |jtach2 - rmp of fan inside Line #2 Inlet

31 |jteyll - temperature in C from cylinder box RTD #1

32 |jteyl2 - temperature in C from cylinder box RTD #2

33  |jtchill - temperature in C from chiller RTD

34 |jtamb - temperature in C RTD near Analyzer Box electronics

35 |jtomega - Analyzer Box control temperature (RTD) for Omega CNi2332

36 |jtudch - temperature in C inside USB4CH 24-bit A/D box

37  |jtfcrtd - fuel-cell RTD temperature in C

38 |jtirga - temperature in C inside Li7000

39 |jliflags - Li7000 status flag

40 |jlirhsrc - Li7000 source/detector relative humidity

41  |jsdfcvl - standard deviation of 1-Hz Fuel Cell #1 voltage

42  |jsdfcv2 - standard deviation of 1-Hz Fuel Cell #2 voltage

43  |jslfcvl - slope of 1-Hz Fuel Cell #1 voltage

44 |jslfcv2 - slope of 1-Hz Fuel Cell #2 voltage

45  |jsdco2a - standard deviation of 1-Hz Li7000 Cell A CO2 in ppm

46  |jsdco2b - standard deviation of 1-Hz Li7000 Cell B CO2 in ppm

47 |posneq - flag indicating position of fuel-cell changeover valve

48 |jogdeltadiff - amplitude of 3-jog O2 difference-signal [02 MEASUREMENT]
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loxy — Oxygen (Part of PCO2 system, separate from Oxygen System)

For further information on this data, contact Tim Newberger at tim.newberger@noaa.gov

04+117:23:57:23.504 MEASUREMENT 3830 380 Oxygen: 309.95 Saturation:

83.48 Temperature: -1.35 DPhase: BPhase: 32.22
RPhase: 0.00 BAmp: 262.09 163.00 RAmp:

0.00 RawTem. : 694 .92

Field |Data Units

1 RVDAS Time Tag

2-4 |Measurement ID, Model Number, Serial Number alphanumeric

5 Oxygen heading text

6 Oxygen Reading Raw numeric

7 Saturation heading text

8 Saturation Reading Raw numeric

9 Temperature heading text

10 |[Water Temperature °C

11 |Dphase heading text

12 |Dphase Raw numeric

13 |Bphase heading text

14 |BPhase Raw numeric

15 |Rphase heading text

16 |Rphase Raw numeric

17 |Bamp heading text

18 |Bamp Raw numeric

19 |Bpot heading text

20 |Bpot Raw numeric

21 |Ramp heading text

22 |Ramp Raw numeric

23 |RawTem heading text

24 |RawTemp Raw numeric

Ipco — PCO2 system

For further information on this data, contact Tim Newberger at tim.newberger@noaa.gov

02+319:23:59:13.748 2002319.99851 7154.27 26.49 325.79 6.74 329.3
53.76 0 Equil

Field |Data Units

1 RVDAS Time Tag

2 Julian date file string Julian

3 IR voltage reading mV

4 Cell temperature °C

5 Barometer millibars
6 Gas flow mL/min
7 VCO2 dry value PPM

8 PCO2 wet/Delta value PPM

9 Equilibrator Temperature from RTD °C

10 |Equilibrator Temperature from SBE-38 °C

11 |Solenoid position ID number
12 |Measured gas name

Lockheed Martin Antarctic Support Contract 14
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Isvp - Sound Velocity Probe in ADCP Transducer Well

NOTE: This value does not represent or reflect the sound speed in the ocean, and is for internal use by
the ADCP.

00+348:01:59:52.128 177204

Field |Data Units
1 RVDAS Time Tag

2 Raw data counts N /A
ladc — ADCP Speed Log

00+019:23:59:59.099 $PUHAW,UVH,-1.48,-0.51,250.6

Field |Data Units
1 RVDAS Time Tag

2 $PUHAW

3 UVH (E-W, N-S, Heading)

4 Ship Speed relative to reference layer’ velocity”, East vector knots
5 Ship Speed relative to reference layer” velocity”, North vector knots
6 Ship heading degrees

The reference layer is an average velocity measured in a number of depth “bins”. On the LMG, the bins are
typically eight meters deep and bins 3-10 define the reference layer. Hence, the reference layer is the water
column from 16-80 meters beneath the ship.

*The speed ouput is water velocity relative to the ship’s hull and is therefore opposite of the actual
movement of the ship. For example, if the ship’s heading is due north, the North/South reference layer
velocity is likely to be negative (southerly).

lgyr - Gyro

02+315:23:59:58.616 $HEHDT,287.7,T*25

HDT: True Heading
01+083:00:00:02.893 $HEHDT,246.3,T*2C

Field |Data Units

1 RVDAS Time Tag $SHEHDT

2 Heading XXXXX = ddd.d degrees
3 T flag for true heading, checksum
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Isep — Seapath 330 GPS

INZDA: Time and Date Data
10+351:23:59:58.142 $INZDA,235958.08,17,12,2010,,*78

Field |Data Units

1 RVDAS Time Tag

2 $INZDA Tag

3 time hhmmss.ss
3 day dd

4 month mm

S year YYYy

6 (blank)

7 Check sum hexadecimal

INGGA: Global Positioning Fix Data
10+351:23:59:58.142 $INGGA,235958.07,6118.168460,5,06008.089527,W,1,12,0.7,22.57,M,17.79,M, *46

Field |Data Units
1 RVDAS Time Tag
2 $INGGA Tag
3 Time (UTC) hhmmss.ss
3 Latitude in degrees with decimal minutes ddmm.mmm
4 {N|S} (latitude is north or south)
5 Longitude in degrees with decimal minutes ddmm.mmm
6 {E|W} (longitude is east of west)
7 GPS quality indicator: 0 = invalid position, 1 = GPS SPS used, 2 = DGPS used,
3 = GPS PPS used, 4 = GPS RTK used, 5 = GPS float RTK used, 6 = dead
reckoning
8 Number of Satellites in use (00-99)
9 HDOP
10 |Height above ellipsoid in meters m.mm
11 |M
12 |Age of DGPS corrections in seconds SS.SS
13 |M
14 |(blank)
15 |*Check sum hexadecimal

INRMC: Recommended Minimum Specific GNSS Data
10+351:23:59:58.200 $INRMC,235958.07,A,6118.168460,S,06008.089527,W,12.8,331.22,171210,11.3,E, A*1C

Field |Data Units

1 RVDAS Time Tag

2 $INRMC Tag

3 UTC of position hhmmss.ss
4 Status A = Data Valid, V = Navigation Receiver Warning

5 Latitude in degrees with decimal minutes ddmm.mmm
6 North (N) or South (S)

7 Longitude in degrees with decimal minutes ddmm.mmm
8 East (E) or West (W)

9 Speed Over Ground, knots knots

10 |Course Over Ground, degrees True degrees

11 |Date ddmmyy

12 |Magnetic Variation, degrees E/W degrees

13 |Mode Indicator E= Estimated Mode

14  |*Check sum
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INVTG: Speed Over Ground, Course Over Ground
14+025:23:59:59.100 $INVTG,32.69,T,,M,10.6,N,19.6, K A*1A

Field |Data Units
1 RVDAS Time Tag
2 $INVTG Tag
3 Course over ground Degrees true
4 T
&) ,
6 M
7 Speed over ground Knots
8 N
9 :
10 |K
11 |Mode
12 |Checksum
PSXN,20: Data Quality
10+351:23:59:58.200 $PSXN,20,1,2,0,0*38
Field |Data Units
1 RVDAS Time Tag
2 $PSXN Tag
3 20 (PSXN identifier)
3 Horizontal position and velocity quality: O = normal, 1 = reduced performance,
2 = invalid data
4 Height and vertical velocity quality: 0 = normal, 1 = reduced performance, 2 =
invalid data
5 Heading quality: 0 = normal, 1 = reduced performance, 2 = invalid data
6 Roll and pitch quality: 0 = normal, 1 = reduced performance, 2 = invalid data
7 *Check sum hexadecimal
PSXN,23: Roll, Pitch, Heading and Heave
10+351:23:59:58.213 $PSXN,23,0.02,-0.76,330.56,*0B
Field |Data Units
1 RVDAS Time Tag
2 $PSXN Tag
3 23 (PSXN identifier)
3 Roll. Positive with port side up. degrees
4 Pitch. Positive with bow up. degrees
5 Heading Degrees true
6 Heave. Positive is down meters
7 *Check sum hexadecimal
Igar - Garmin GPS
GGA: Global Positioning Fix Data
08+034:12:26:06.131 $GPGGA, 122607,6446.4733,5,06403.4455,W,1,11,0.9,-193.4,M,9.7, M, *5A
Field |Data Units
1 RVDAS Time Tag
2 $GPGGA Tag
3 UTC of position hhmmss.ss
4 Latitude in degrees with decimal minutes ddmm.mmm
5 North (N) or South (S)
6 Longitude in degrees with decimal minutes ddmm.mmm
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Field |Data Units
7 East (E) or West (W)

8 GPS quality (1=GPS 2=DGPS)

9 Number of GPS satellites used

10 |Horizontal dilution of precision (HDOP)

11 |Antenna height above/below mean-sea-level (geoid) meters
12  |Units for antenna height (M = Meters)

13 |Geoidal Separation”

14  |Units for Geoidal Separation (M = Meters) meters
15 |Age of differential GPS data, number of seconds since last SC104 Type 1 or 9

16  |Differential reference station ID

'Geoidal Separation: the difference between the WGS-84 earth ellipsoid and mean-sea-level (geoid). A

negative value represents mean-sea-level below ellipsoid.

GLL: Geographic Position — Latitude/Longitude
08+034:12:26:06.211 $GPGLL,6446.4733,5,06403.4455,W,122607,A

Field |Data

Units

RVDAS Time Tag

$GPGLL Tag

Latitude

ddmm.mmm

North (N) or South (S)

Longitude

ddmm.mmm

East (E) or West (W)

UTC of position

hhmmss.ss

ONOO|A[RWIN(F

Status: A = Data Valid, V =Data Not Valid

VTG: Track Made Good and Speed over Ground
08+034:12:26:06.211 $GPVTG,167,T,151,M,000.0,N,0000.0,K

Field |Data

Units

RVDAS Time Tag

$GPVTG Tag

Track, degrees true

degrees

T flag for True

Track, degrees magnetic

degrees

M flag for Magnetic

Speed over Ground

knots

N flag for Knots

Speed over Ground

km/hr

OO NP |WWIN|F-

K flag for km/hr
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lais — AIS receiver

AIVDM: AIS Data
14+070:00:02:38.575 !AIVDM,1,1,,B,1505G40000K PfggK2F2RQj 7>0@FU,0*04

Field |Data Units

1 RVDAS Time Tag

2 IAIVDM

3 Total number of sentences needed to transfer the message 1-9)

4 Message Sentence Number 1-9)

5 Sequential identifier to link multiple messages (0 =9 or null)
6 AIS Channel AorB

7 Encapsulated Binary Coded Data’ ASCII text

8 Number of fill bits (0-5)

15 |*Check sum hexadecimal

!Data is encoded as described in ITU-R M.1371
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LMG Sensors

Shipboard Sensors

Sensor Description Serial # Cal. Date Status
Port Anemometer Gill Ultrasonic Wind Observer || | 1246001-WC45 N/A Collected
Starboard Anemometer Gill Ultrasonic Wind Observer Il | 1246002-WC45 N/A Collected
Barometer R.M. Young 61201 BP01150 10-Apr-2014 | collected
Humidity/Wet Temp RM Young 41372LC 6133 14-Aug-2014 | collected
PAR for Mast Biosph. Inst. QSR-240P 6393 31-Mar-2015 | collected
PIR Eppley PIR 28903F3 3-Feb-2015 | collected
PSP Eppley PSP 28933F3 3-Feb-2015 Collected
GUV (Mast) Biosph. Inst. GUV-2511 25110805127 15-Jun-2015 | collected
Transmissometer WET Labs C-Star 25cmdeep | CST-830DR 22-Jul-2014 Collected
MicroTSG (Primary) Sea-Bird 45 243 16-May-2014 | collected
MicroTSG (Secondary) Sea-Bird 45 390 30-Oct-2014 | collected
Digital Remote Temp Sea-Bird 38 351 28-Dec-2013 Collected
Fluorometer WET Labs ECO-FL FLRTD-380 24-0Oct-2014 | collected
CTD Sensors

Sensor Description Serial # Cal. Date Status
CTD Fish Seabird SBE9PIus 0232 20-Feb-2015 | Collected
Primary Temperature Seabird SBE3 2205 23-Jun-2015 Collected
Secondary Temperature Seabird SBE3 5034 22-Apr-2015 Collected
Primary Conductivity Seabird SBE4 0350 03-Mar-2015 | Collected
Secondary Conductivity Seabird SBE4 1223 9-Dec-2014 Collected
Fluorometer Wet Labs ECO FLRTD-399 14-Apr-2014 Collected
Transmissometer Wet Labs C-Star CST-553DR 08-Aug-2014 | Collected
Primary Oxygen Seabird 43 0190 22-Apr-2015 Collected
Secondary Oxygen Seabird 43 0196 22-Apr-2015 Collected
PAR Biospherical Instruments Inc. 4722 17-Feb-2015 | Collected
Altimeter Teledyne Benthos PSA-916 54648 n/a Collected
Trace Metal Clean CTD Sensors

Sensor Description Serial # Cal. Date Status
CTD Fish Seabird SBE9PIlus 1242 30-Jul-2015 Collected
Primary Temperature Seabird SBE3 5786 29-Jul-2015 Collected
Secondary Temperature Seabird SBE3 5851 29-Jul-2015 Collected
Primary Conductivity Seabird SBE4 4380 29-Jul-2015 Collected
Secondary Conductivity Seabird SBE4 4422 29-Jul-2015 Collected
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Fluorometer Wet Labs ECO FLRTD-3928 24-Feb-2015 | Collected
Transmissometer Wet Labs C-Star CST-1721 6-May-2015 Collected
Primary Oxygen Seabird 43 3170 29-Jul-2015 Collected
Secondary Oxygen Seabird 43 3178 25-Jul-2015 Collected
PAR Biospherical Instruments Inc. 70558 13-May-2014 | Collected
Altimeter Valeport VA500 50580 n/a Collected

MOCNESS Sensors

Sensor Description Serial # Cal. Date Status

Pressure Sensor MOCNESS Depth Sensor 186 18-Nov-2010 | Collected
Primary Temperature Seabird SBE3S 2686 18-Jun-2008 Collected
Primary Conductivity Seabird SBE4C 2047 23-Apr-2015 Collected
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Underway Calibration Sheets

Anemometer- Port

WindObserver II™ it
Product Test Report W 4G

S HUEMERS

Product Testad: WindDbserver ||
Part Mumber: 1383-70-B-322
Serial Number: 1246001 - WCA45
Test Data: 18M1/2012

Location: Gill Instruments Lid

GILL ensures that quality iz inherent in all aspeets of the activitizs and ensures that compliance with
BES EM 1503001 2008 iz maintained.

Thiz report certifies that the above instrument has been tested in accordance with Gill intemal

proceduras

Results

Test Limit= Passed
Still Air Test (Zero Wind Speed) = D.02mfs FPass
Wind Tunnel Test {12 m's nominal) FPazz/Fail Pazs

Generic calibration is traceable to the University of Southampton wind tnnel and instrumentation is
maintained in accordance with UKAS.

All tests have been successfully completed

On behalf of Gill Instrurents Lid

Tony Raine

Cluality Control
2O02-03595 lssue 1

Al Inshumenss Ud T W R A R
Ta sl ek A4 G e T A
| AT S O L
| el
www. glil.co.uk
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Anemometer-Starboard

i

WindObserver lI™ ~
Product Test Report ﬂm

INETHU MEHTE

Product Tested: WindObserver ll
Part Number: 1390-70-B-322
Serial Number: 1246002 - WC45
Test Date: 15/11/2012

Location: Gill Instruments Ltd

GILL ensures that quality is inherent in all aspects of tha activities and ensures that compliance with
BS EN [SOR001 2008 iz maintainad.

This report certifies that the above instrument has been tested in accordance with Gill internal

procedures

Resulfs

Text Lirmits Passed
Still Alr Test (Zero Wind Speed) = Q.02m/s Fass
Wind Tunnel Test (12 mis nominal) Pass/Fail Pass

Generic calibration is traceable to the University of Southampton wind tunnel and instrumentation is
maintained in accordance with UKAS.

All kzsts have been succassiully completed

Qn behaf® of Gill Instruments Lid

Tony Raine
Chjality Control
20020335 lesus

Gill iz minds ol ALY LR

3 : aa . o, --.*--'.-:'l‘ H
risgh 150 00 |
| Aeginteros §

www gill.co.uk

| WNSTRUMENTS
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Barometer

. RM. Young Company
3001 Awes Park Dirive
[ lswon s Cite. Flichlgzn 19648 U0
WOLING '
CALIBRATION REPORT

Barometric Preasure

CUSICITAr: Lockheod Martin Corp

Tesl Mumber: 441 0-018 Crstgrner PO 200045852
Tast Daie: 10 &odl 2014 Sales Ordorn 555HE

Tast Sersor
Medel: B120 Senzl humber BR01750
Dleseriplar: Burarnel iv Prossors Sengcr

Report of calibratizn zomzarizan of tast barometric pressLra senzss wilk Maliveal Instiube of Standards and
Techralesyy bucculde slindansd pressans calibeale ol live pressures in e B Yaoung Company conbielsd
pressuns facility. Calioration accurazy « 1.2 BPa.

Gefarangs T ghage Indicaled (%1

Prossurs Ot Pragaure
thPaj millfwallsd hFa
AON.G -z T
Gial 1250 3750
R Zhin 250.0
1025.C avad 10250
11000 AQEE =R

D10 Ll ulzslog franm v doge: ou g

All referenos equipment used in this calibraion procedurs bawe boon lesled by faiv pacisse o traceasle
standards cedified by the Natiznal Institute of Stancgards and Tachnology.

Reference Instrumiart Sarial & WIS e Refoence
Druck, Pragsun: Gontroller Macal OPIS S S1B00487  UKAS Lab 0241
Fluke R llirncler Modo! S0E00 4865407 ZI0zT

Tosted By m

METCLCOROLODGLICAL HISTRUMENIS
Tyl MGG Sar W LR 40FE Eral mslsabes sz o ekl ¥ 00U SR S0
l2d 2001:2208 CCIRT MCO
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Air Temperature / Relative Humidity

H.M. Toung Cormpany
2O oo Fak Teye
Travege Cley, Plickigan A5nafn LG4,

CALIBRATION REPORT
Temperaturs

Criztnmg: Lockhead Martin Corg

Test Mumbsr: AB14-08T Cuslernar FO: <9051 108
sl Batz 14 Avguzl 2014 Em am Order 4550

Tl SEneor:
Rl 4137200 G Numnbco: TS890
Nescripliare TemperataaPelative Hurmidity Surear

Report of calbralion comparizan of test terpemlurs sensor with Nional Insftuts of Sk rderds and
Tueohnoiogy traccable standam iharnomatars at Miss beeperatures o e B0 Young Company carroled
femipe alure calibration balh facilities, Colibration acciracy 01 Calsiue

Bath Tumen: Ireliciales (1) )
Tempearaiir: CHitput Termperaturs
[deqrees C) imi fignres) egrees G
-50.0C 200 4529
0. 11.2687 e
49494 13.9349 49492
1) Galeulaled from caranl culput

Al Ml rence 2quinmaonl used in this calibmtion prorediuee have been kasked by corr perisan te acons e
slundards cartiticx] oy the Mations! Inetftute of Staads and Tachrclowy,

Reference Izlrumen: Serial # MIST Toesl Reference
B-nekiyn Tharrameter M 43-FC 2O0E & WADAEG0
Brack yn Themomcter Medel 22355-DS-FC 2E071 WY
Grock.yn Themoimeler K odal 7¥400-07-FC Tra3z WAYEIZE
Keitrley kMulbimelzr Mede! 164 18257 A2G034G6497
=T A
i .
I aslead By 'f‘g\ f a e

METEORODL O G L C AL IThSTREUMFN]| %
Tl 331-g45 IBA0 Fu: PHI-045-4772 E i R £ a3 UL ILSD. RO Selera S0 UL CRMM
120 9200108 CERTICICD
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PAR for mast

Biosphberical Instruments Ine.

CALIBRATION CERTISICATE

Cialbratizn Nawe ik e b

fodel Mum:per 2FR240

Serial Number E393

Qparatss TP

Standard Lamp W-03303130 5

Frooe Exciistion Veltage Rangs: 5] e} 16 WL+
Qutpus Polzricy: Positive

Preae Cardibans at Caliaratiaene i

Calibration Yaltage: 53 VDT -y
Prabe Gumont. .3 i

Prabe Outoul Yaltage:

Frate luminaed 978 my
Proba Darl [P my
Praobe Met Responze aT.5 m'
RiaTEd ) my

Carrestad Larmp Oulood;
Outaut In Aur (same candifian &3 cali araticn):

B.3E1E=13 guantalcm@sec
15694603 u=fm’zec
Calibration Scale Factz:
(To calculaie wradiance, dvide the net vatage reading (o Voits by this vaive. )

My TASYRE-1Y Viguanisicmtser)
§.25040-04  WHuEim s=c)

Motes

1. Anrval eglib-atiicn is recorrmended.

2. Calbratios is padfored using g Standard of Specral | Tadancs baceal o b
Malicnal Ingllabe O S elerds end Tewlnclugy (NEST).

&, The zzllactar skacld be deaned frequenchy weh alzzhal,

4 (25 1b-Ellzn wiag pefamred with cletome: caba, when avalishla,

QERFIR 52445

Lockheed Martin Antarctic Support Contract 26 United States Antarctic Program



Data Report for LMG1601 ARSV Laurence M. Gould

PIR

THE EPPLEY LABORATORY, INC.

12 Sheffield Avenvg, PO Bos 419, Newporl, Bhode Teland TI5A 2840
Flaotsz, A0 2401020 Fae: aDLEAT 031 Bengail: infoi@iepplaylshocom

STANDARDIZATION OF
EFPTFLEY PRECISION INFRARED RADIOMETER
Model PIR
Scerial Kamber: 28903F3
Resstance; 675 02 at 23."{3

Temperature Compensation Range: -207 o +40°C

This pymgsemeler has been compared against Eppley’s Blackbody Calibration System undar
sulizion Seensities af approsimately 208 watts netet™ and an average ambion tomperanme of
2500 ws measored by Stundard Omewss Temperature Probe, RTTRL.

Ay retull ol w series of comparizong, i hes been foomd to heve g song ity ol

3.37 & 107 volisowarts meter™
The vcaleulation of this constant s based on the Tacl that the relabionsbip bebween rodiation
intarsity and eml s rectilinear to inlensities of TP walts meter”. This tadiometer is linear ta
willin =1.0% up o this inbensily.

I e calibeadion of this nstrument s traccable o the lotemanonal Practdeal Tomperature Scale
(TIPTS50 thrauza a precision lew-temperature blackbody.

dppoey repoonmends a ominimum calibration eyele of five {3} vears burt encourspes annunal
calibrudons Tor highes measurgmeny scouracy. Unless otheraise slaled in the rermarks section
Belors o oo e Sales Ovder. the resnlts are “AS FOURKD S AS LEFT™,

Shippad o LMDP4 [SGS{NEF) Diatz of lest: Febrmary 3. 2013
Port Hlueneme, ©4 ~ / .F';/ F

In Churge of Tesi; .ffﬁ’fff.f bl :’fﬁ"‘““?{z 3

S0 Mumber: G4 3280 I —— ?’[‘ /‘l

Diate: February 3, 2015 Beviewed byt /b sy f P rawy. ;E

| .

Romaris:

RRCE T
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PSP

THE EPPLEY LABORATORY, INC.

12 SheMeld Avenue, PO Bow 2190, Mewpord, Rhode Island USA (2840
Fhuopg: 4018471020 Fex: 401.847.1031  Email: infogéeppleyiob.com

Calibration Certificate

Tnstrmen: Trecision Spectal Pyravomeier, Model PSP, Serial Wumber 28923F3
Perecdine This prerannmeter was compaad i Bppley®s Tntegeating Hemisphere acaarding o
srocedures deseribed 1o JSQ 9847 Secrion 5.3.1 and Technical Procedure, 'TPO] of

The Cpplev Lubaratory, Ine.’s Quality Assurance Manuel on Calibrations.

Transter Standasd: Eppley Presision Spectral Prrapowseter, Maodel PSP, Serial Bumbsr 21231F3

Resnls: Sensitivity: 8813 pV /i Wm
Lieerlainly: Tloe =091 (%3% conlidence level, k-2)
Registanco: HEA (L at 235
Mate of Test: Felwary 3, 2015
Traceal:illv: This calibeaticon is fracealble 10 the World Radiation Relsrence (WRE) through

comparisong with Eppley’s ARF standard self calibrating caviny pericliomerers
which perticipialed in the Eleventh Intemational Pytheliometric Comparisans (TP
ALy al Daves, Swilgerland in Seplember-Cetober 20000 Unless olherwise slubsd m
the remarks section below or en the Sales Ornder, the resulis ol (his calibration are
“AS TOUND / AS LEFT™.

D Dt Eppley tesvmpends a minimum calibralicn eyele of [ve (3} vears bul encousages

saenuad calibrativns [or bipheest measurement 4o neacy .

Cusiomer LXIP4 [55I NSE
Tort Hueneme, CA

j;f;f';;; .:r-.'_; /f’,;'}’l%ﬁf ) a'{{ A 7~ /

Sianatures: T Clizpe of Test: f Reviewed b:r.
Epplay 500 G335
Dzre of Certiticats: Fehruary 3, 20015

HFemarks:

ot Mot
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GUvV

/ﬁi Ex.\
By

Ji
i

.

 Biospherical Instrumants Inc.

GUV-2511 Calibration Certificate

Serial Number 25110805127 Date of Calibration B3RS
libration database 251108051 27w T mdby Date of Certificate BHSMS
SN 1 Standard of Spectral Iradiance V023 [J2M3F)
icroprocessor Tag Number 2 Operator T
Reaponsivity ScaleSmall ScaleMadium  ScaleLarge
Monochromatic Wavslength  [Ampa par [Woits par [volts par [Voits per  OffestSmall OffasiMedium Of=etlarge Meaauramant
Channala Addrass [mmi] pWifcm®-nmj] pWilcm™nm)] pWHom©-nmj] pWicm®-nmj] [wolia] [wodts] [wodts] Unitz
EQ0F0s 2 s 4. 34128-11 4.4545E-06 1.3124E-03 4.0155E01 -44209E04 -4.4B43E04  -D.4D40E-D4 W e
EQ0313 & 33 1.7792E-10 1.E120E-05 5.3084E-03 1.5643E+00 1.3446E-04 1.4032E-04 1.2464E-03 W e
Edi3X a 33 2.5802E-10 2 R2TIEDS T.TI45E03 252TEEHID -1E351E-04 -1.8546E-04 6.767TEDS W omenim
Ed0340 0 340 1.5800E-10 2.210E05 5.9050E-03 21161E+00 1.0116ED4  0.5TEIE-DS 1.2356E03 W e nim)
EQ0380 12 360 T.O7ZE-11 T.218BE-06 2114ED3 T2G45E-01 -27T43EHM  -Z8172ED4  -1.4D03E-D4 W e
Ed033s 13 355 2. T4B6E-10 2 B166E-05 8.2305E-03 2 H6MEBE+ID -2 25EGE-04 -22546E-0d  -4.99G4E-D4 W omenim
Scaleimall ScaleMadium  Scaklange
Broadband Wavelength  [Ampa per [Voits par [Volts per [Volts per  OffsstSmall OffsstMadium  Offsatlarge Measuramant
Channels  Address [nm] WENcmes)]  pENcm*e)] pEfcmfs)]  pENcm¥s]]  [volts] [woits] [woits] Units
EdoP AR 18 400-700 1.68TIEDS 1.69E3E+00  4.973ITE+I2 16384E+05 -1.0904E-04  -1.06893E04 B.2169E-04 HE{cm7sac)
sarxiiiary Measuramant
Channets Address Wavelength Responeivity Scales ScaleM Scalsl OfTeais OfTeats Offastl Units
EddTemp 22 1] 1 o.o1 o.m oo a o o C
[Ed@Vin 7 o 1 025 -025 025 a o o v

“Wmum,mmthum,cm 92110 USA Contact zypport@biomberical com for more information.

Calibration Dats — Do Mot Destroy page 2 of 2
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Data Report for LMG1601 ARSV Laurence M. Gould

Transmissometer

PO Box 518 {541) B29-5650

P WET@Labs 2222

C-Star Calibration

Date  July 22, 2014 SiME CST-B30DR Pathlength 25cm
Analog output

LA 005 v

Ve 4T3V

Vi 4622V

Temperature of calibration water 224°C

Amibient temperature during calibration 218 "C

Redationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters Tr=e™*
To determinge beam transmittance: Tr = (Vg - Vi) T (Ve - Vian)

To determine beam attenuation coefficient e = -1ix * In (Tr)

¥ Meter output with the beam blocked. This is the offset.

Vo  Meter output in air with a clear beam path.

Ve Meter output with clean water in the path_

Temperature of calibration water- temperature of cean water used o obtain V.
Ambient temperature: meter temperature in air duning the calibration.

Vug  Measured signal output of meter.

Revision M 7R26M1
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Data Report for LMG1601

ARSV Laurence M. Gould

Thermosalinograph (Temperature) — Primary

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA

Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 0243
CALIBRATION DATE: 16-May-14

COEFFICIENTS:

ag =
dl =

a3 =

BATH TEMFP

1.417246e-005
2.749041e-004
a2 = -2.553507e-006
1.52783G6e-007

(ITS-80)

1.

4.
15.
18.
24.
3.
az.

QoD
5000
QoD
5000
Lelelil]
oo
5000

INSTRUMENT
QUTPUT
759568 .
647915,
410152,
354383,
2B3362.
232648 .
203331.

& R O DO b

INST TEMP
(ITS-80)

- 0000
5000
14.
18.
24.
29,
3z.

3333
5001
QDo
Qoo
5000

SBE 45 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

RESIDUAL
(ITS-80)
-0.0000

0.0000
-0.0001
0.0001
-0.0000
0.o0000
-0.0000

Temperature ITS-90 = 1/{a0 + al[In(n)] + a2[In"(n)] + a3[In" ()]} - 273.15 (°C)
Residual = instrument temperature - bath temperature
n = instrument output

Date, Slope Comection

] T B S P Rt EEEEE @ 05-Jan-13 0.00

Residual, (Degrees C)
=

A 16-May-14 0.00

POST CRUISE
CALIBRATION

15

——————— 14 & il
- 1 1 1
| | |
- | | |
- | | |
| | |
- | | |
| | |
ﬂﬂi_—""'T'____'1""__T_""'T____"1""“1"""1“""'
- | | | | | | |
| | | | | | |
- 1 1 1 1 1 1 1
_ | | | | | | |
1 1 1 1 1 1 1
- | | | | | | |
1 1 1 1 1 1 1
ﬂ-ﬂ?—l-rr ‘rr‘l'rr'l-r'l'rr ‘rr‘l-r T r{rTaTr _| Tr-rr-l'rTT r‘l-rT'rr'I
0 ] 10 15 L1
Temperature, Degrees G
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Data Report for LMG1601

ARSV Laurence M. Gould

Thermosalinograph (Conductivity) — Primary

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: D243

CALIBRATION DATE: 16-May-14

COEFFICIENTS:

g = -1.008B861e+000
h = 1.574112e-001
1 = -3.6463901e-004
] = 5.431565e-005

BATH TEMF BATH SAL BATH COND
[Siemens/m)
18
. 96468
27061
. 24873
59263
. 14857
.GER4S
.03937

(ITS-90) {PSU)
2Z.0000 D.ooo0
1.0000 346704
4.5000 34 .6504
15. 0000 34 .607E
18.5000 34 .5989

24..0000 34 .5B82
29,0000 314 .5834
3z.5000 34 .5T796

f=INST FREQ * sqrt(1.0 + WBOTC * )/ 1000.0
Conductivity =(z+h*f+i* £ +j* £/ (1 +i * t+ e * p) Siemens | meser
t= temperamr &fC)]; p = presswre{decibars]; & = CTcor; £ = CPeor;

Residual = instrument conductivity - bath conductivity

oo & B W kD

aoooo

Resldual, (Sfm)

SBE 45 CONDUCTIVITY CALIBRATION DATA
P55 1978: C(35,15,0) = 4.2014 Siemens/meter

CPCoOr
CTcor
WBOTC

INST FREQ

(Hz)
2536.23
5031.60
5221.13
5784.74
5969.99
6257.55
6514.65
£691.83

DM —-r -9 T9- T~ T~T-T-~T-FT- T~ T-—T—
| L I1 T TW T T rT (A | |T 1T

0 1 s

3

4

Conductivity, Siemensim

= -9_.5700e-008

N—d———————

3.2500e-006
1.1173e-006

INST COND  RESIDUAL
(Siemens/m) (Siemens/m)

.ooooo
96467
27062
-24873
59263
-14856
-GER4E
-03936

- E I E I S O R =]

rItrIT

o.0o0000
-0.00001
0.00001
-0.00000
-0.o00000
-0.00000
0.0o0001
-0.00000

Date, Slope Comection

® 05-Jan-13 0.9995310
& 16-May-14 1.0000000

POST CRUISE
CALIBRATION

1" ra r-

6 7

Lockheed Martin Antarctic Support Contract

32

United States Antarctic Program



Data Report for LMG1601 ARSV Laurence M. Gould

Thermosalinograph (Temperature) — Secondary

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: D380 SBE 45 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 30-Oct-14 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

al = B.4396577Te-006
al = 2.825321e-004
a2 = -3.093430e-006
a3l = 1.690910e-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
(ITS-90) OUTPUT (ITS-80) {(ITS-80)
1.0000 B62306.1 1.0000 o.gooo
4.5000 EGE2E2.E 4.5000 -0.0000
15. 0000 358389 .6 15. 0000 o.gooo
18.5000 309815.7 18. 5000 -0.0000
24 . 0000 247915.6 23.9999 -0.0001
29,0000 203683 .3 29.0001 o.0001
32,5000 178100.4 3Z2.5000 -0.0000

Temperature ITS-90 = 1/{a0 + al[In(n)] + a2 [In*{n)] + a3[In" (@]} - 273.15 (°C)
Residnal = instrument temperature - bath temperature
n = instrument output

Date, Slope Comection

L E L S B R @ 00-Apr-13 017
& 300ct14 000

Residual, (Degrees C)
=a
I
1
1
1
|
|

] ] ]
| | |
1 1 1
| | |
1 1 1
1 1 1
| | |
- E— B -
1 1 1
1 1 1
1 1 1
1 1 1
| | |
1 1 1
| | |

ﬂﬂi_—"'___F"___'T___"'T______T_"'__T__'___T'____'1'______

POST CRUISE
- ||| CALIBRATION

'u-m_lT 'I'T—I_L'I 'I'T"I'i"l_I_T 'I'i'"I'FT_I"i"I' r 'I'I_T"I_T"I'I"i'I_T'I_F 'i 'I'T"I_T'l
10

0 A 15 li| 25 30 35
Temperature, Degrees C
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Data Report for LMG1601

ARSV Laurence M. Gould

Thermosalinograph (Conductivity) — Secondary

SENSOR SERIAL NUMBER: 0380

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

CALIBRATION DATE: 30-Oct-14

COEFFICIENTS:
g = -9.B863328e-001
1.453844e-001
1 = -4.1041732-004
5.237151e-005

h -

] =

BATH TEMP
(ITS-80)

22.

1.
-S000
15.
18.
0000
29,
3z.

24

f=TNST FREQ * squt(1.0 + WBOTC * £} / 1000.0

o000
ooQo

o000
5000

o000
5000

BATH SAL BATH COND

{PSL)

o
EL
34
34
34
a4
34
34

-DoooD
6332
N oy li]
6287
6182
6058
5974
5926

[Siemens/m)
o.
. 96644
. 27253
- 25103
.594892
15076
67049
.04138

[ T S B L B R R T )

ooooo

SBE 45 COMDUCTIVITY CALIBRATION DATA
PSS 16878: C(35,15,0) = 4.2014 Siemens/meter

CPoor
CTcor
WBOTC

IMST FREQ

(Hz)
2611.0%9
53227.11
5425.21
6014.01
§207.339
6507.48
&775.69
6960 .54

= -89_5700e-008
3.2500e-006

[(Siemens/m)
.ooooo
6644
27254
25103
.594591
.16076
.ET050
.04137

2.8724e-007

INST COND  RESIDUAL
(Siemens/m)

ol R WO

Conductivity=(z+h*f+i*f +j*£)/ (1 +§ * t+e * p) Siemens / meter
t = temperamr &]*C)]; p = pressure]decibars]; & = CTcor; £ = CPoor;
Pesidual = instrument conductivity - bath comductivity

0.
-0.
0.
-0.
-0.
=-0.
a.
-0.

ooooo
Qoooo
ooool
ooooo
ooooon
ooooo
oooo1
ooool

Date, Slope Cormection

0.004—------- e po--- -] s et b @ 09-Apr-13 1.0003607

Resldual, (S/m)
=

0

—_ - - —_ - - — ____I_ - - —_ - -
'rr'lr'lr‘lr‘l|"|r‘|r1r|rr]'r'rr1r'rr'rr
2 3 4 3 6

| I

Conductivity, Siemensim

4 30-0ct-14 1.0000000

F-———---

POST CRUISE
CALIBRATION

|
T
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Data Report for LMG1601 ARSV Laurence M. Gould

Digital Remote Temperature

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@saatird com

SENS0R SERIAL NUMRBFER: (1351 SBE 3% TEMFERATURE CALIBRATION DATA
CALIBRATION DATE: 28-Dec-13 IT5-%) TEMPERATURE SCALE
ITS- 90 COEFFICIENTS

al = 6.B47307e-003
al = 2.737587Te-004
a2 = -2 _376425e-006
a3 = 1.515438e-007

BATH TEMP NSTRUMENT NST TEMPF RESIDI AL
{ITS-90) QUTPUT {ITS-90) (IT5-90)
-1.50000 6E74751.5 -1.49996 g.oooo4

1.0d000 601342.4 0.998937 —-0.oo00o03
4.50020 513289.0 4.50015 -0.0000s
B.00000 439602.0 7.899887 —0.00003
11.50000 3F7T12.0 11.50004 g.aooo4
14.9989890 325560.5 15.00003 g.ooo13
18.50020 2814659.0 18.50008 -0.00012
22.00000 244073 .8 22.00011 go.aoo11
25.50000 212261.3 25.49982 -0.00008
29 .00010 185112 .4 29._.00003 —0.0a00a7
32.50010 161877.4 32.50017 g.oooo7

Temperature TTS-00 = 120 + a1[fnin)] 8201 (n)] + 531 )]} - 27315 (°C)
Residual = instrument temperature - bath te mpe rature

Date, Delia T (mdeg C)
0.02 (@] 2s-Dec-13 0.00
0.01
)
uy
o
z
g
2 0.00 & i » ——————
g
k=)
o
&
-0.01
002 1111 1111 1111 1111 1111 1111 1111 111
] 0 5 10 15 20 25 a0 as

Temperature, Degreas C
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Data Report for LMG1601 ARSV Laurence M. Gould

Fluorometer

PO Box 518 (541) B20-5850

Siies,  WETE@)Labs il
ECO Chlorophyll Fluorometer Characterization Sheet

Date: 10V24/2014 S/N: FLRTD-380D

Chlorophyll concentration expressed in pgfl can be derived using the equation:
CHL {pgfl) = Scale Factor * {Output - Dark Counts)

Analog

Analog  Analog Range d

Range1 Range? (default) Digital
Dark Counts 0.109 0.0a2 0.0V T5 counts
Scale Factor [5F) 7 14 28 pgv 00084 pplicount
Maximum Output 497 497 487V 16326 counts
Resolution 0.8 [PE:] 0.6 mv 0T counts
Ambient temperature during characierzation 23°C

Analog Ranpge: 1 (most sensitive, 04,000 counts), 2 (midrange, 03,000 counis), 4 (entire range, 0—16,000 counts).
Diark Counts: Signal output of the meter in dean water with black tape over detector.

5F: Determined using the following equation: S5F = x = (output - dark counts), where x is the conceniration of the solution
used during insinument characterization. SF s used to derve nstrument oulput conceniraion from the raw signal output
of the flucrometer.

Maximum Output: Maximum signal output the flucrometer is capable of.
Resolution: Standard deviation of 1 minute of collected data.

The relationship between fuorescence and chionopiyl-a concenirabions in-5RY |5 highly vanatie. The scale factor lised on this
d0CUMENt Was OSlemined USing 3 mano-culture of phytopiankion | Thaiassiosia weissTiogt). The population was assumed to be
reasonably healthy and the concentration was detesines] by using the abecrpbion method. To accurately detenming chiorpnyll
concantration Lsing a HUuoMImetar, you must peronm secondarny Measurements on the populations of Interest. This Is fypically done
sl Exdracion-based measursment fechnigues on discrebe sampies. For acdiional INomation on detenmining chicrptyl
eoncentration see “Standard Methods for e Examination of Water and Wasiewates” part 10200 H, pubilshed joinSy by the Amesican
Pubiic Health ASEDCiation, American Waber Works Association, and the Water Environment Federation.

FLRTD-380 Rewision J IHTE
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Data Report for LMG1

601

ARSV Laurence M. Gould

CTD Calibration Sheets
CTD Fish (Pressure Sensor)

SENSOR SERIAL NUMBER: D232
CALIBRATION DATE: 20-Feb-15

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SBE Bplus PRESSURE CALIBRATION DATA
FSR: 10000 psia 5/M 43528

DIGIQUARTZ COEFFICIENTS: ADSO0M, ADSO0B, SLOPE AND OFFSET:
Cl = -5.103000e+004 ADS30M = 1.13600e-002
C2 = B.606365e-002 ADSES0B = -B.42350e+000
Cl = 1.481220e-002 Slope = 0.993991
Dl = 3.642300e-002 offeet - 1.8905 (dbarse}
D2 = 0.000000e+000
Tl = 3.004925e+001
T2 = -3.406308e-004
T3 = 4.125600&e-006
Td = 1.811600&-009
TS = 0.000000e+000
PRESSURE INST INST INST CORRECTED INST RESIDUAL
(PS1A) OUTPUT (Hz)  TEMP(C) OUTPUT (PSIA)  OUTPUT (PSLA) (PSIA)
14.750 3328B.70 21.5 12.337 15.079 0.329
2001.642 33929.50 21.6 1998.788 2001 .360 -0.282
3988 .590 34556.90 21.6 3986.035 31988.437 -0.153
5375.530 35171.40 21.7 5373.284 5975.516 -0.014
TI62 . 665 35773.70 21.7 T960.587 T962.649 -0.01&
9350 . 060 36364 .50 21.8 F348.248 9950.140 0.080
TI62.T00 35773.80 21.8 T960.870 T962.932 0.232
5975.713 35171.50 21.9 5973.494 5975.726 0.013
31588.T4d6 34557.00 21.9 3386.197 3i9BB.599 -0.147
2001 .853 33929.60 21.9 1398.9309 2001.481 -0.372
14.748 3328B8.80 22.0 12.339 15.081 0.333
Fesidual = comected instrument pressure - Teference pressure
Date, Offset(psia)
0—---—---- === === e === e Bttt ittt & 20-Feb-15 004
- 1 1 1 1 1 1 1 1 1 1
1 I I I I I I I I I
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
s R ST e B e e ! SEEE SR
1 1 1 1 1 1 1 1 1 1
- i i i i i i i i i i
g 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
g - 1 | | | | | | | ! |
5 1= & ! 4 : 8 1 - ———-
- T T R R S E N B
o i i i i i i i i i i
1 1 1 1 1 1 1 1 1 1
e S e et e S S
1 1 1 1 1 1 1 1 1 1
1 I I I I I I I I I
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
'“]_ITT'I"I"i‘l‘l‘l'l‘i_l'l'l_l_i_l'l'rri’FTTT'i'TT'I'I'i'l'l‘l‘l‘i‘|‘|‘|‘l‘i’l‘l‘l‘l"i’TTTT'i'T'I"I"I"
0 1000 2000 3000 4000 4000 6000 7000 8000 0OO0 10000 11000
Pressure (PS1A)
Temperature (Primary)
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Data Report for LMG1601 ARSV Laurence M. Gould

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL HUMBER: 2205 SBE 3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 23-Jun-15 ITS-80 TEMPERATURE SCALE
ITS-80 COEFFICIEMTS:

g = 4.34892263e-003
h - EG.4B0654568-004
1 = 2.34340723%e-005
] = 2.17544063e-006
fo - 1o00.0

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
{ITs-00) {Hz) (ITS-00) {ITS-00)
-1.5000 2907.927 -1.5000 0.00004
0.9939 3073_950 0.9939 -0.00001
4.5000 3317_754 4.4999 -0.00010
7.3333 3575.139 7.9933 -0.00002
11.4939 3B46_.479 11. 5000 0.0001a
14.99333 4132.103 15. 0000 o.gQoooB
18.5000 4432 _359 18. 5000 -0.000as5
21.9939 4747 .568 21.99338 -0.00o07
25 4939 5078.074 25.49939 o.Qooo2
28.9939 5424 _148 28.9939 -0.00003
32.4939 57AE.107 32.49939 0o.0oo003

Tempersture ITS-90 = 1/{ £+ hlin(f /)] + ilin (£ /0] + jlin'(£,/0]} - 273.15 CC)
Fesidnal = instrument temperature - bath temperatore

Date, Delta T (mdeg C)

002—-—---- T-====- R e e R T------ - § 23-May-12 021
- ' ' ' ' ' ' ' & 23-Jun-15 0.00
- I I I I I I I
- 1 1 1 1 1 1 1
I I I I I I I
- I I I I I I I
001—-—---- - g b )iiziiiin
—- - I I I I I I I
) B 1 1 1 1 1 1 1
g _ | | | | | | |
@ 1 1 1 1 1 1 1
o - I I I I I I I
8 “—“'1._..—'4——4;'— - b -
= - I I I I I I I
z - i | | | | | |
E _ 1 1 1 1 1 1 1
I I I I I I I
= - ] ] ] ] ] ] ]
-l]l]'l _______ L, I______I______I______I ______ L, I_
) 1 I 1 1 I 1 T POST CRUISE
1 1 1 1 1 1 1
) | | | | | | \ CALIBRATION
- | | | | | | |
i ] i i ] i ]
'u-m_I—I_T-I_I__i_I_T-I_r_i_I_T-I_r_i_l_T-I_r_i_I_T-I_r_i_I_T—I_r_i_I_T-I_r_i_I_T_I_r'I
Bl 1] ] i0 15 20 25 Ei 35
Temperature, Degrees C
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Data Report for LMG1601

ARSV Laurence M. Gould

Temperature (Secondary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 5034
CALIBRATION DATE: 22-Apr-15

ITS-00 COEFFICIENTS:
g = 4.33943004e-003
h = E£.35934233e-004
1 = 2.12493401e-005
i = 1.9146051Be-006
fo = 1lo000.0
BATH TEMP INSTRUMENT FREQ
{ITs-00) {Hz)
-1.5001 2914478
0.9939 30a3_2al1
4.5000 3331_338
2.0000 3593 .431
11.4939 3B69_949
14.9939 4161.250
18.4939 ddB67 696
22,0000 4dTE9 644
25 . 5000 5127._445
29. 0000 5481_.414
32.4939 5851.868

Temperature ITS-90 = 1/{ £+ hlin(f /)] + ilin (£ /0] + jlin'(£,0]} - 273.15 CC)
Fesidnal = instrument temperature - bath temperatore

=
i

-5

Residual, (Degrees C)
=
!
1
1

SBE 3 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

IN3T TEMP

(ITS-00)

-1.
-9333
. 4933
. 3333
11.
1s5.
18.
21.
25.
28.
3z.

000

S000
oo
5000
3333
4333
2333
S000

RESIDUAL
(IT5-00)
0.00006
-0.00001
-0.00011
-0.000089
0.00012
0.00013
0.00006
-0.00011
-0.00008
-0.00005
o.gQo0039

Date, Delia T (mdeg C)

-t F-—---- F-————- T---—- t------ 1-——-- === @ 23-Apr-14 030
: : : : : : : A 22-Apr-15 0.00
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
I r=———=-""- r~———==- T-==™"=7=7 T-™"~"~"77 T-—=="" B
1 1 1 1 1 1 1
1 1 1 1 1 1 1
I I I I 1 I I
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 : 1 1 1 :
I .‘i - T i ‘ i |=' Ili! ."l #---
1 1 1 1 1 1 1
I I I I 1 I I
1 1 1 1 1 1 1
1 1 1 1 1 1 1
I I I I 1 I I
1 1 1 1 1 1 1
1 1 1 1 1 1 1
N r-———==-- r————"7=7 T-=="=77 T-~"==7=7 T--=="" 1~
Foosmopreispmeseeessoopeeeesiooo- - OST CRUISE
1 1 1 1 1 1 1
! ! ! ! ! ! i CALIBRATION
| | | | i | |
LA e T
0 5 10 15 20 25 an 35

Temperature, Degrees C
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Data Report for LMG1601 ARSV Laurence M. Gould

Conductivity (Primary)

13471 NE 20th Street Bellevue, Washington 08005 USA
EARAARELL Phono: (425) 643-UB66 Fax: (425) 643-0054 www.soabird.com

Conductivity Calibration Report

[Customer:_|[Lockheed Martin Antarctic Support ]
[JobNumber: | 8266 ] [Date of Report: | FF2015 ]

[Model Number [ SEE040170_] [Serial Number: | 040350 ]

s B SEA-BIRD ELECTRONICS, INC.

Conduclvily sensors are nove ally colibrated 'as received”, without cleaning or odjusis ents, allowing o determination of
sensor drift. If the calibradion ieatifies a probles or indicates cell cleaming 5 necessary, then a second calibration is
performed after work is completed, The ‘as received” calibrotion is nol parfonmed if the sensor is dom aged or aon-
Junclional or by cusiverer reques,

Anm "as received” calibration certificate is provided, lish ng the cogfficients used o convent Semsor frequencyfo
conduclviy. 'sars mus choose whethar the "as received” colbrofion or the previous calibradion betier represents the
sensor condifion diuring deplopn eni. fn SEASOFT enter the chosen coefficients. The coefficient "dope” allows small
conrections for driff between calibrafions (consuli te SEA SOFT mansal). Colibrotion coefficients obtained after a

repail o cléaming apply only to subsegquent data.

'AS RECEIVED CALIBRA TION' M Performed [0 Not Performed

Date: [ 2202015 | Drift sinee last cal: PSUfmonth
Comments:

"FINAL CALIBRATION' ¥ Peformed [ Mot Performed

Date: Drift simoe 11 Sep 12 PSUfmonth
Comments:

The connactor was upgradad o wel-pluggable type.

*Measwred af 3.0 Sm
Cell cleaming and electrode replatinizing tead & Teset" the conduchivily sensor to @3 oniginal conditioa. Lack of dnift in
pos-clemning-calibration indicates peometric sabidiy of the cell and electrical Sabvildy of the sensor circud,
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Data Report for LMG1601 ARSV Laurence M. Gould

Conductivity (Secondary)

S B SEA-BIRD ELECTRONICS, INC.

13471 NE 20th Street Bellevue, Washington 98005 USA
JEARAARELE: Phone: (425) 643-9866 Fax: (425) 643-0054 www.seabird.com

Conductivity Calibration Report

[Customer:_|[Lockheed Martin Antarctic Support ]
[Job Number: [ 78985 ] [Date of Report: | TIW2014 ]

[Model Number |[SBE 04020_] [Serial Number: || 041223 ]

Conduclvily sensorys are novmally colibrated 'ax received”, without cleaning or odjnsis ents, allowing o determination of
sensor drijt. If the calibradion identifies a problem or indicates cell cleaming 5 necessary, then a second calibration is
performed afer work is completed, The ‘a5 rece ved” calibrotion is ol parformed if the sensor is domaged or non-
Junclional, or by custoerer reques,

Am "as received” calibrotion certificate is provided, lisng the cogfficients used o comvent Sensor frequencyfo
conducivi'y. U'sars mug chooss whetha the "as received” calbrofion or the previous calibration better represents the
sensor condibion during deplopm eni. In SEASOFT enter the chosen coefficients. The coefficient "dope’ allows small
corrections for driff between colibrations (consuli the SEA SOFT manugl), Calibration cogfficients obtained after o
repair o cléaming apply omly to subsegquent data.

'AS RECEIVED CALIBRA TION' ¥ Performed O Mot Performed
Date: | 12732014 Drift since last cal: PS1month
Commenis:
'FINAL CALIBRATION' ¥ Performed O Not Performed
Date: Drift since 04 Apr 13 PS1fmonth
Commenis;
The connector was upgradad.

*Measured af 3.0 5m

Cell cleaming and electrode replofinizing tend & Tese the comducvily senvor to is onginal comdition. Lack of drift in
poed-clemning-calibrotion indicates peometric sabidity of the cell and electrical fabviity of the sensor circud,
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Data Report for LMG1601 ARSV Laurence M. Gould

Fluorometer

PO Box 518 (941) 828-5650

e, WET@Labs — fEw

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 4M4/2014 SIN: FLRTD-399

Chlorophyll concentration expressed in pgfl can be derived using the equation:
CHL (pgll) = Scale Factor * ({Output - Dark Counts)

Analog

Analog Analog Ranged

Range1 Range2 (default) Digital
Dark Counts 0.088 0055 0033V 70 counts
Scale Factor (SF) B 12 26 pgld 0.0078 pgVoount
Maximum Output 408 4.98 488V 16330 counts
Resolution 0.5 0.5 0.5 mv 1.0 counts
Ambient temperature during characterization 223

Analog Range: 1 (most sensitive, 04,000 counts), 2 (midrange. 08,000 counts), 4 (enfre range, 0—16,000 counts ).
Dark Counts: Signal cutput of the meter in clean water with black tape over detector.

5F: Determined using the following equation: 5F = x = (oulput - dark counis), where x is the concentraion of the
solution wsed during instrument characterization. 5F is used to derive instrument output concentration from the raw
signal outiput of the fluonometer.

Maxtimum Cutput: Maximum signal output the flucrometer is capable of.
Resolution: Standard desiation of 1 minute of collected data.

The relationship between fuofescence and chiorophyll-a coneantrations in-siu Is highly variable. The scale factor Esied on this
document was determined using a mono-culiure of phytopiankion | Thalassiesira welssfiogh ). The popuiation was assumed io be

chiorophyll
conceniration see “Standand Methods fior the Examination of Water and Wastewster par 10200 H, published jointly by the American
Public Healh Association, American Water Works Association, and the Wabter Emannment Federation.

FLRTD-288.xs Revision J anTne
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Data Report for LMG1601 ARSV Laurence M. Gould

Transmissometer

PO Box 518 {541) B29-5650

i, WET@Labs 2222

C-Star Calibration

Date 8.8.14 SiME CST-5630R Pathlength 25cm
Analog output

LA 00sT v

Ve ATETV

Vi 4682V

Temperature of calibration water 234 °C

Amibient temperature during calibration 2153 "C

Redationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters Tr=e™*
To determinge beam transmittance: Tr = (Vg - Vi) T (Ve - Vian)

To determine beam attenuation coefficient e = -1ix * In (Tr)

¥ Meter output with the beam blocked. This is the offset.

Vo  Meter output in air with a clear beam path.

Ve Meter output with clean water in the path_

Temperature of calibration water- temperature of cean water used o obtain V.
Ambient temperature: meter temperature in air duning the calibration.

Vug  Measured signal output of meter.

Revision M 7R26M1
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Data Report for LMG1601 ARSV Laurence M. Gould

Primary Oxygen

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 0120 SBE 43 OXYGEM CALIBRATION DATA
CALIBRATION DATE: 22-Apr-15

COEFFICIENTS: A=-44841=-003 MOMINAL DYMNAMIC COEFFICIENTS
Soc= 0.5305 B = 2.0870=-004 D1 = 1.92634=4 H1 = -3.200000e-2
Voffset =-0.5183 C =-2.8403=-006 D2 = -4 8480322 H2 = 5.00000e+3
Tau2=1.16 E nominal = 0.036 H3 = 1.45000e+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
(L} (ITS-80) (PEU})  OUTPUT (WOLTS) OXYGEM (mill) {mnlfTy
1.24 2.00 0.00 0.7&3 1.24 -0.00
1.26 £.00 0.00 0.797 1.26 -0.00
1.27 12 .00 0.00 0.845 1.27 -0.00
1.30 2600 0.00 0.963 1.30 0.00
1.30 20.00 0.00 0.91E 1.30 0.00
1.31 30.00 0.00 0,335 1.31 0.00
a.02 12.00 0.00 1.555 4.02 0.00
a.02 z.00 0.00 1.308 4.02 -0.00
a.02 &.00 0.00 1.408 4.02 -0.00
4.0 20.00 0.00 1.760 4.06 -0.00
4.0%8 26 .00 0.00 1.913 4.08 -0.00
4.13 30.00 0.00 2.025 4.13 -0.00
E.78 z.00 0.00 1.853 &.73 0.00
£.B0 £.00 0.00 2.021 &.E0 0.00
£.80 12.00 0.00 2.270 &.E0 -0.00
E.B8 20.00 0.00 2.620 &.E8 0.00
£.94 2600 0.00 2.886 &.54 -0.00
T.07 30.00 0.00 3.108 7.07 0.00
0x1-gm1:ml"l,)=snc'(\'+1‘nﬂ3&t}‘{1.ﬂ+ﬁ'T+B‘T’+C‘T’}'D:SDIT,S)'@[E'PIE}
V= voltage output from 5BE43, T = temperature [deg C], 5 = salinity [PSU], K = temperature [deg K]
OxSol(T,5) = oxypen samuration [mlT], P = pressure [dbar]
Fesidual = instrument oxygen - bath cxygen
Date, Slope (ml1)
04— -———— I — b————- R | — e e LS — ——_—— @ DS-Apr-i4 1.0012
- ! ! ! ! ! ! ! ! ! & 22-Apr-15 1.0000
- 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1
- i i i i i i i i i
0.2---——- === T—-=== e ety T----- e il r-—---- ===
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
— - 1 1 1 1 1 1 1 1 1
= _ 1 1 1 1 1 1 1
E - i i i i i i i i
.“' O—— - 1 L 1 1 1 | |,
g - 1 R R
I T T
" i i 0 i i i i i iPpOSTCRUISE
02—--——- === T===== r====q-—-==- T---== === == T====" -
T e g G ALIBRATION
- i i i i i i i i i
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
'0-4_|'I'TT'I"i"I‘|‘I'F'i'T'I"I_I_i'l’FTT'i_I_I_I_F'i'T'I'I_I_i'FTTT'i‘l'l‘l‘l"i’T'I‘l‘l‘i'FTT'l"I
D 1 2 3 4 g [ T 8 9 10
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Data Report for LMG1601 ARSV Laurence M. Gould

Secondary Oxygen

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 0156 SBE 43 OXYGEM CALIBRATION DATA
CALIBRATION DATE: 22-Apr-15

COEFFICIENTS: A= -4 7188e-003 MOMINAL DYNAMIC COEFFICIENTS
Soc= 0.4086 B= 25087=004 D1= 1028344 H1 = -3.200000=-2
Voffset = -0.5243 C = -3.6024=-008 DZ = -4.64803e-2 HZ = 5.00000e+3
Tau20 = 1.55 E nominal = 0.038 H3 = 1.45000e+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
(i} (ITS-90) (FSU}  OUTPUT (VOLTS) OXYGEM (mill) {mlT}
1.24 .00 o.o0 2.73L 1.24 -a.00
1.326 & .00 O.oo o.827 1.26 -0.00
1.27 1Z .00 o.aa [ - 1.27 -0.00
1.30 26 .00 O.0a0 1.00% 1.30 .00
1.30 20 .00 O.0a0 .95 1.30 .00
1.31 30.00 0.od 1.040 1.31 a.oo
4.02 1z .00 o.oa 1.652 4.03 a.oo
a.02 .00 O.0a0 1.386 4.03 .00
a.02 [ el O.0a0 1.493 402 -0.00
a4 .0E 20.00 0.od 1.88% &.07 a.oo
4.09 2& .00 o.oa Z.027 4.08 -0.00
4.13 30 .00 O.0a0 Z.151 4.13 -0.00
E.79 .00 O.0a0 1.97% &_T9 -0.00
&.BD & .00 0.od Z.1681 &.BD a.oo
E.BD 1z .00 o.oa Z. 428 &.EBD -0.00
E_BB 20 .00 O.0a0 Z.800 &_EB .00
E._94 26 .00 O.0a0 1.07E &._53 -0.01
T.07 30.00 0.od 3.30% T.07 a.oo

Orygen (mlT) = Soc * (\'+'5.'oﬂ3etj‘{1.ﬂ+ﬁ'T+B‘Tz+C‘Tl}' OeSolTS)*exp(E*P/E)
V= voltage output from 5BE43, T = temperature [deg C], 5 = salinity [PSU], K = temperature [deg K]
OxSol(T,5) = oxypen samuration [mlT], P = pressure [dbar]

Fesidual = instrument oxygen - bath cxygen

Date, Slope (ml1)
04— -——- R [N [ R [ (R - @ D5-Apr-id 0.9905
- | | | | | | | | | & 22-Apr-15 1.0000
- 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
s B S e e e
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
— - 1 1 1 1 1 1 1 1 1
S A R S N e S S
e AP D ¥ A
B T T i mas M N S S R I
g - T O
-= - 1 1 1 1 1 1 1 1 1
(4 _ ] ] ] ] ] ] ] ] ]
- b oy e b0 POST CRUISE
D2—-mmmm T—==-- T———-- [ ittt Rl T---—= [ it Rl T—---" -
STy CALIBRATION
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
D4—-rrTT I'I_I_l_r T T'I'—I_I_I rrTT I_I_I_l_rI T'I'I_I_I FTTT I-I_l_l_l_I T'I—I—I_I_FTT'I'_
| 1 [ (77T [ [FT77] [ I |
o 1 2 3 4 3 1] T & 8 10

Oxygen (mi)
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Data Report for LMG1601 ARSV Laurence M. Gould

PAR

Biospherical Instruments Inc
CALIBRATION CCRTIFICATE

UMDFRWATER FAR SENSOR WITH LOG AMPLIFIER

Calibration Date:
Model Number:
Seral Number:
Operator:
Standard Lamp: v 02505
Qperating Yoltage Range: [ 15 WG ()

Mote: The QSPEI00 vses a log ampifier to measure the datector signal current with ¥ =lag | (Amos) ! IRaf

Iz calowiats imadiance, use this fermula:

Jab Mew: S120ET

| Imadiance = Galibration factor - {107 Light Signal Voltage - 10°Dark volage) |
___With the appropriste (solar corscied] Inadiance Calibration Factar:
Dry Calibration Facter:| 2.50E+13 [guantaiem® sac amps"™ | 4.15EQE |uEinsteing/cm® gec/"amps”
_Wet Calibration Factor:| 441E+13 |quantaicm™ seclamps” | 7.32E-08 [pEinstcins/om® sec"amps"
Sensor Test Data and Resuhs™
Sangor Supply Cument (Dark):] 854 [mA
Supply Voltaga: E "Wolis
Lamp Integrated PAR Iradianze: | 2 34F - 5 [quantafony® sec 0.0° 551 |uEinsteins/cmsac |
553 Immersion Coefficient | 0.5684 Scalar Comection: 1 FAR Solar Carrection’] 1 0000
Mezsured Estmated  Cac. TEsTTrrad.
Mominal Caliorsted  Sensar  Measured Signal Sigral  Outoul Errar iquantas
Fiter 3D Trans Voltage Trans {Amps) (Amps] ["Walts) [Wallsl  Error (%) o se0)
Na Filter | 100 O05%: T 100003 AVEENS | A TEENR 2577 .00z 0.4 2.34E+75
0.3 A 109 #1328 R e 1ABE-0G | 1 3BE08 | 2138 3000 -0.5 5.89E+15
0.5 27.80% 2T 7T 1.04E-08 | 1.04E-08 2024 0001 1B 2.59E+15
1 0.27% 9.37% 3.52E09 | 34BE0S 1.561 -0.003 =11 B.TEE+14
2 1418 ) 1.12% 4 22E-10 | 4ATED [ D760 0.002 -2 1.05E+14
3 0.05% 0.270 0.07% 2E1E-11 | 20ME-N 0.251 RITALEY] -28.7 G5 H9E+1 2
Crark Defare: Walts
—ight - Mz Fi'ter Hidr.: = Wolts lger= 1.00E-1C Amps
Dark After - NFH: T79% Volts Ik = 1.58E 10 Mmps R 7 80 02106
Average Dark, 0 '35 olts 10" =1 31245 Amps

hnIE‘:C.:
1. Annwal calibezlian k& @oorrrencad,
2. Thr: axlkzcnar skauld be clrared fequs Hy with alooho

3 This sectinn is far intarnal nse ann for ma advanced anatess

QEPPOIL-GEP2300 (4-2013- 1xls
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Data Report for LMG1601

ARSV Laurence M. Gould

Trace Metal Clean CTD Calibration Sheets

CTD Fish (Pressure Sensor)

SBE

Digiguartz Pressure Calibration dP/dT Corrected Coefficients

SEA-BIRD ELECTRONICS, INC.

13431 ME 20" St. Bellevue Washington 98005 USA
RARMACEEL:  phone: (425) 643-0866 Fax: (425) 643-9954 Email- seabirdiseabird com

{Changed cogfficients are posted in italics)

Pressure Transducer Serial Mumber: 134250

Omiginal Calibration Date: 30-Tul-15
Date of Comrection: 2015-08-06

Installed in: SBE 9Phes S/ 1242
PRESSURE COEFFICIENTS

I 417787 psia

I -0.E06TR02 prialdeg €
C3  1.306520e-002 peia/deg C°
DI 3.716100=-002

D2 0.000000e+000

I 3007602 Hser

12 52939904 usecideg C
T3 4.018760=-006 psec'deg C*
T4  2.640250e-009 psec/deg C*
75 0.000000e+000

Slope =

Offset = 0.0

Corrected at Sea-Burd Electronics as per Paroscienhfic Calibration and Sea-Bord Electromes dPYdT tests.
The onginal calibration from Paroscientific assumes an operating temperature range of 0 to 125 degrees C.
dP/dT comrection adjusts this operating range to 2 nommal range of 0 to 22 degrees C. This increases the

accuracy of the fransducer mn this temperature range.

HNOTE: Onginal coefficients from Paroscientific are attached to this form for informational purposes and
should not be used.
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Data Report for LMG1601

ARSV Laurence M. Gould

Temperature (Primary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 5786
CALIBRATION DATE: 28-Jul-15

IT5-80 COEFFICIENTS:

g = 4.36742000e-003
h = 6.41014428e-004
1 = 2.26B22855e-005
] = 2.09417815e-006
fo - 1000.0

BATH TEMP INSTRUMENT FREQ
(ITS-90) (Hz)
-1.5000 3033.187
10000 3208.472
4.5000 A466.031
a.o0000 3T73B_148
11.5000 d025_234
15. 0000 4327 _6539
18. 5000 dG645 _BOG
22.0000 4980.041
25 . 5000 E330.7056
29.0000 5698.141
3Z.5000 BOB2_6ET

SBE 3 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

INST TEMP
(ITS-80)

-1.
- 0000
5000
- 0000
11.
1s5.
18.
22.
25.
29.
3z2.

5000

5000
oooD
000
oooD
S000
Qoo
S000

Temperature [TS-90 = L/{ g + b{In(£/£)] + ilin’(£/0] + jlin' (5]} - 273.15 (°C)
Fesidual = instrument temperature - bath temperatare

=
1
1
|
|
|
1
el
1
1
1
1
1
1
—=
|
|
|
1
1
1
—
1
1
1
1
|
|
—
1
1
1
1
|
|
1

RESIDUAL
(ITS5-00)
-0.00003
0.00004
o.oo0o03
-0.00004
o.o0o0o01
-0.00001
-0.o00002
0.0o0002
o.oo00o01
o.0Qo002
-0.00002

Date, Delta T (mdeg C)

0m2—------ —4==----- F-—-—=-- @ 28-Jul-15 -0.00
N | | | | | : |
- | | | | | I
- 1 1 1 1 1 1 1
| | | | | I
- | | | | | I
001-----—- e s
— - I I I I I 1
[&] _ 1 1 1 1 1 1
$ : : : : : : :
o 1 1 1 1 1 1 1
(=] - | | | | | I
& tcete—wl o s b ol » ol o -
o - | | | | I
I i i i i : i
}i _ 1 1 1 1 1
e - : : : : : :
1 1 1 1 1 1
-l]l]'l _______ —: ______ — ___"_'I'___"_'I'______T‘"___'
1 1 1
| | I
| | I
1 1 1
I I 1
! L L
1 1
| |

1
1
1
|
1
1
=
1
1
|
|
|
1
———————— g —————

-U-UZ‘I'I'T'I'T'i'F'I'I’T'i'T'I'F'I'i'T'I'T'I' LU R R R
5 o 5 10 15 20 25 an a5
Temperatwe, Degrees C
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Data Report for LMG1601

ARSV Laurence M. Gould

Temperature (Secondary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 5851
CALIBRATION DATE: 28-Jul-15

ITS-80 COEFFICIENTS:

g = 4.37306454e-003
h = 6.40139994e-004
1 = 2.26788412e-005
] = 2.148922155e-006
fo - 1000.0

BATH TEMP INSTRUMENT FREQ
(ITS-90) (Hz)
-1.5000 3066.542
1.0000 3244 056
4.5000 3504 .905
. 0000 ATEO0.51A
11.5000 4071_.305
15. 0000 d377_644
18. 5000 4699_917
22.0000 5038._.4839
25 . 5000 5393_708
29.0000 ET65.916
3Z.5000 6155 _450

SBE 3 TEMPFERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

INST TEMP
(ITS-80)

-1.
- 0000
5000
- 0000
11.
1s5.
18.
22.
25.
29.
3z2.

S000

5000
oooD
000
oooD
S000
Qoo
S000

Temperature ITS-90 = 1/{ g + h[In( /£ )] + ifin"(£/0] + ilin'(£/D]} - 273.15 (°C)
Fesidual = instrument temperature - bath temperatare

Residual, (Degrees C)
=

| S U PN PSR

[1 —

1
|
-5 1]

1
—
.

1
-
—

1

JE T
1
1
'

T S S e T =

I e I e e

==
(=]

Temperature, Degrees C

[
£

RESIDUAL
(ITS5-00)
-0.00002
o.oo004
o.oooo0
-0.00005
o.o0o0o01
0.00001
-gooonz
-goooz
-0.o00001
-0.00005
0.000032

[=T =]

Date, Delta T (mdeg C)

______ @ 20-Jul-15  0.00

rTatr-

]

35
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Data Report for LMG1601

ARSV Laurence M. Gould

Conductivity (Primary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 4380
CALIBRATION DATE: 28-Jul-15

COEFFICIENTS:
g = -9.92565304e+000
h = 1.3795558%9e+000 CTCOr =
1 = -7.7285893%9e-004
1= 1.21390671e-004
BATHTEMP BATHSAL BATHCOND INST FREQ
(ITS-80) (PSU)  (Siemensim) {kHz) (Siemens/m)
0. 000D D.oooo 0.ooao0g 2.&68348 D.ooooo
-1.0001 34 .6557 2.79283 5.23960 2.79283
0.9999 34 .6601 2.96387 5.35657 2.96388
14.99939 314 .6673 4.25526 6.16810 4 .25524
18.4999 34 .6T721 4_60129 6.36T32 4.60131
28.9939 34 . 6TEL 5.6B221 6.95485 5.6BZZ0
3Z2.5000 34 .6T7TH 6.05458 T.14580 &.05459

f=IN5T FREQ / 1000.0
Conductivity=(g+h * f+i*f +j* £/ (1 +§ * t + & * ) Sicmens / meter
t=temperatur ["C)]; p = pressarefdecibars]; & = CTcor; £ = CPeor;
Resitual = instmment conductivity - bath conductivity

SBE 4 CONDUCTIVITY CALIBRATION DATA
PSS 16878: C(35,15,0) = 4.2014 Siemens/meter

CPcor = -9.5700e-008 (nominall
3.2500e-006 (nominall

IMST COND  RESIDUAL

w
L __ B _______

] ] ]

I | I

~ | l l
I | I

s | o
- ﬂ—r | | Pt |
e s AR
E - i I i
- I | I

I | I

0001— | l |
—=--e- === T----=-- r=--==- T T

- I 1 I I 1

I 1 I I 1

- I 1 I I 1

_ 1 1 1 1 1

| I | | I

- | I | | I
-ﬂ-ﬂmTT'rTr‘i—rTr Ti"rTTT'i' 1 'r'r—r‘i‘r 7 ‘ri—

0 1 2 3 4 ]

Conductivity, Siemensim

—I_T'I'T'l'T_I_T_F -

6

(Siemens/m)
0.ooooo
-0.00000
0.ooooo
-0.00o001
d.0oo02
-0.00002
0.00001

Date, Slope Comection
_______ @ 29-Juk15 1.0000000

|
7
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Data Report for LMG1601 ARSV Laurence M. Gould

Conductivity (Secondary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 4422 SBE 4 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 28-Jul-15 PS5 1678: C(35,15,0) = 4.2014 Siemens/meter
COEFFICIENTS:

g = -9.B82326842e+000 CPCcOr = -9.5700e-008 (nominall

h = 1.707592882+000 CTcor = 3.2500e-006 (nominall

1 = -1.10989412e-003

] = 1.85202702e-004

BATH TEMF BATH SAL BATH COND IMSTFREQ IMST COND RESIDUAL

(ITS-80) (PSU)  (Siemensim) {kHz) (Siemens/m) (Siemens/m)
0. 000D D.oooo 0.ooao0g 2.399&0 D.ooooo g.goooo
-1.0001 34 .6557 2.79283 4.70346 2.79283 -0.00000
0.9999 34 .6601 2.96387 4.80875 2.96388 g.goooo
14.99939 314 .6673 4.25526 5.53912 4 .25525 -0.o00o0o00
18.4999 34 .6T721 4_60129 5.718%2 4.60130 a.00001
28.9939 34 . 6TEL 5.6B221 6.24T01 5.6BZZ0 -0.00002
3Z2.5000 34 .6T7TH 6.05458 6.41881 &.05459 o.00oo00l

f=IN5T FREQ / 1000.0
Conductivity=(g+h * f+i*f +j* £/ (1 +§ * t + & * ) Sicmens / meter
t=temperatur ["C)]; p = pressarefdecibars]; & = CTcor; £ = CPeor;
Resitual = instmment conductivity - bath conductivity
Date, Slope Cormrection

0002—=---=-=-q-===----m---=o il ittt ettt - ® 29-Juk15 1.0000000
i} | I | | I |
- 1 1 1 1 1 1
- | I | | I |
- 1 1 1 1 1 1
0001 —=-----q--==---f------ SRt B R e e -
- I | I I | I
. - | 1 | | 1 |
— | 1 | | 1 |
S R T
E_ 0= : : =+— := =: _.—-:I _______
9 - | 1 | | 1 |
A
: | : I I l I
0001—------ q=-==--- r------- F---—-- 1m-m--- r------- - ===
- 1 1 1 1 1 1
1 1 1 1 1 1
- 1 1 1 1 1 1
_ 1 1 1 1 1 1
| | | | | |
3 l l l l l l
'[I-I:]'IL':-'TT'I''I_I'_l_r'l_r'I_|"I_T—I_T_|'T'I"[_F_l_F'I'F-I_l_—I_T'I'T_l"f_l_'[_r'I
0 1 2 3 4 5 ; 1

Conductivity, Siemensim
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Fluorometer

PO Box 518 (541) B20-5850

Ss,  WET@Labs — zHEE

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 2/24/2015 S/N: FLRTD-3028

Chlorophyll concentration expressed in pgfl can be derived using the equation:
CHL {pgfl) = Scale Factor * {Output - Dark Counts)

Analog

Analog  Analog Range d

Range1 Range? (default) Digital
Dark Counts 0.0 0040 0.026 v 42 counts
Scale Factor [5F) ] 13 25 pglv 0UDO7E pplicount
Maximum Output 494 496 406V 16380 counts
Resolution 1.0 1.0 1.0 my 1.0 counts
Ambient temperature during characierzation 210°C

Analog Ranpge: 1 (most sensitive, 04,000 counts), 2 (midrange, 03,000 counis), 4 (entire range, 0—16,000 counts).
Diark Counts: Signal output of the meter in dean water with black tape over detector.

5F: Determined using the following equation: S5F = x = (output - dark counts), where x is the conceniraion of the solution
used during insinument characterization. SF s used to derve nstrument oulput conceniraion from the raw signal output
of the flucrometer.

Maximum Output: Maximum signal output the flucrometer is capable of.

Resolution: Standard deviation of 1 minute of collected data.

The retaticnship batwean funrescance and chiongiyl-a concerirations in-siy |5 highly vanatie. The scale factor listed on ihis
docurment was delemmined using 3 mano-culture of phytopiankion | Thaiassiosia weissliogl ). The population was assumed to be

ehiorpil
conceniration see “Standard Methods fior the Examination of Waber and Wastewaler™ part 10200 H, pubilshed joinfy by the American
Pubilic: Health Asspciation, American Waber Works Association, and the Water Environment Federation.

FLRTD-3928 xis Rewision J IHTE
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Data Report for LMG1601 ARSV Laurence M. Gould

Transmissometer

PO Box 518 (541) B28-5650

620 Applegate St Faux (541) 828-5277

Philomath, OR 87370 a S woww wetlabs. com
C-Star Calibration

Date 58.15 SiNE CST-17210R Pathlength 25cm

Analog output Digital output

Va 0007 v 0 counts

Var 4824V 15804 counts

Vit 4703V 15406 counts

Temperature of calibration water M7 T

Ambient temperature during calibration 212 C

Relationship of ransmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr=e’
o

To determine beam transmittance: Tr = (Wgg - Vi) § (Vier - Vo)

To determine beam attenuation coefficient & = -1/ * In (Tr)

Va Meter output with the beam blocked. This is the offset.

Vur  Meter output in air with a clear beam path.

Vit Meter output with clean water in the path.

Temperature of calibration water: temperature of clean water used to obtain Vg
Ambient temperature: meter temperature in air during the calibration.

Vig  Measured signal cutput of meter.
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Data Report for LMG1601 ARSV Laurence M. Gould

Primary Oxygen

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 3170 SBE 43 OXYGEM CALIBRATION DATA
CALIBRATION DATE: 28-Jul-15

COEFFICIENTS: A= -3.8345e-003 NOMINAL DYNAMIC COEFFICIENTS
Soc= 0.3648 B = 24005004 D1 = 1.92634=4 H1 = -3.200000e-2
Voffset = -0.4885 C =-3.5486e-006 D2 = 4648032 H2 = 5.00000e+3
Taudl =142 E nominal = 0.036 H3 = 1.45000e+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
() (ITS-80) (P5U})  OUTPUT (VOLTS) QXY GEM (mil) {mnlfTy
1.10 2.00 0.00 0.805 1.10 -0.00
1.14 5.EZ 0.00 0,852 1.14 0.00
1.14 2600 0.oa 1.041 1.14 o.00
1.14 12.00 0.00 0.914 1.14 -0.00
1.15 30.00 0.00 1.083 1.15 0.00
1.15 20.00 0.00 0.931 1.15 0.00
3.86 2.00 0.00 1.531 3.86 -0.00
3.88 5.52 0.00 1.728 3.E8 -0.00
3.9 30.00 0.00 2508 .50 -0.01
191 12.00 0.00 1.935 3.51 -0.00
31.91 20.00 0.00 2.136 2.51 0.00
3.94 2600 0.00 2,338 .54 0.00
E.E5 12.00 0.00 2,955 &.E5 0.00
E.66 &.00 0.00 2.621 &.66 -0.00
E.68 2.00 0.00 2.335 &.E8 0.00
E.68 30.00 0.00 1.947 ] o.01
E.70 20.00 0.00 3.411 &.70 0.00
E.76 2600 0.00 3.760 6.75 -0.00

Orygen (mlT) = Soc * (\'+1‘oﬂ3&tj‘{1.ﬂ+ﬁ'T+B‘T’+C‘T’}' OeSolTS)*exp(E*P/E)
V= voltage output from 5BE43, T = temperature [deg C], 5 = salinity [PSU], K = temperature [deg K]
OxSol(T,5) = oxypen samuration [mlT], P = pressure [dbar]

Fesidual = instrument oxygen - bath cxygen

Date, Slope (ml1)
02—————— R — e L — R Ao (A N @ 20-Jul-15 1.0000
- i i i i i i i i i
- 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1
| | | | | | | | |
- 1 1 1 1 1 1 1 1 1
04-mmm- L Tt BT R
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- - 1 1 1 1 1 1 1 1 1
= _ 1 1 1 1 1 1 1 1 1
N e T T T
¥ oo R o it e s st
- 1 1 1 1 1 1 1 1 1
E - i i i i i i i i i
[ - 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
04—---—- L Rt EEEEEE EEERPL PR PR SR e
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
W2= T T T T e T T T P T T e P T T e R P T T T T
I [ [T i ] 1 [ [ |
D 1 F3 ] 4 B ] 7 B 9 10
Crxygen (mil)
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Secondary Oxygen

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 3178 SBE 43 OXYGEM CALIBRATION DATA
CALIBRATION DATE: 25-Jul-15

COEFFICIENTS: A= -37722e-003 MOMINAL DYNAMIC COEFFICIENTS
Soc= 0.3079 B= 1.8610=-004 D1= 1028344 H1 = -3.200000=-2
Voffset = -0.7085 C =-2.7127e008 DZ = -4.64803e-2 HZ = 5.00000e+3
Tau20 =217 E nominal = 0.038 H3 = 1.45000e+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
(i} (ITS-90) (FSU}  OUTPUT (VOLTS) OXYGEM (mill) {mlT}
1.13 .00 o.o0 1.00Z 1.13 a.o00
1.14 5.El O.oo 1.040 1.14 a.oo
1.15 1Z .00 o.aa 1.05% 1.15 a.00
1.15 26 .00 O.0a0 1.234 1.15 .00
1.1& 20 .00 O.0a0 1.181 1.16 .00
1.17 30.00 0.od 1.z85 1.17 a.oo
3.80 2.00 o.oa 1.726 .50 a.oo
3.591 5_53 O.0a0 1.852 3.51 .00
3.591 26 .00 O.0a0 Z.4%E 3.51 .00
3.83 1z.00 0.od Z.046 3.51 a.oo
3.83 30.00 o.oa Z.E4E e a.oo
3.594 20 .00 O.0a0 Z.312 354 .00
E_E5 12 .00 O.0a0 Z.987 &_E5 .00
E.BE & .00 0.od Z.663 & 66 a.oo
E.6B 2.00 o.oa Z.452 &.EB a.oo
E_EB 30 .00 O.0a0 4000 &_EB .00
E_70 20 .00 O.0a0 3436 &_T0 .00
E.73 26 .00 0.od 3.78% &.73 a.oo

Orygen (mlT) = Soc * (\'+1‘oﬂ3&tj‘{1.ﬂ+ﬁ'T+B‘T’+C‘T’}' OeSolTS)*exp(E*P/E)
V= voltage output from 5BE43, T = temperature [deg C], 5 = salinity [PSU], K = temperature [deg K]
OxSol(T,5) = oxypen samuration [mlT], P = pressure [dbar]

Fesidual = instrument oxygen - bath cxygen

Date, Slope (ml1)
02—————— R — e L — R Ao (A N @ 25-Jul-15 1.0000
- i i i i i i i i i
- 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1
| | | | | | | | |
- 1 1 1 1 1 1 1 1 1
04-mmm- L Tt BT R
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- - 1 1 1 1 1 1 1 1 1
= _ 1 1 1 1 1 1 1 1 1
N s T T T
¥ 0 e = i a - —-—— - F----- ===
- 1 1 1 1 1 1 1 1 1
E - i i i i i i i i i
[ - 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
04—---—- L Rt EEEEEE EEERPL PR PR SR e
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
W2= T T T T e T T T P T T e P T T e R P T T T T
I [ [T i ] 1 [ [ |
D 1 F3 ] 4 B ] 7 B 9 10
Crxygen (mil)
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Data Report for LMG1601 ARSV Laurence M. Gould

PAR
Calibrtion Date:  D5MZT4 Job Ko 111449
Modael Number 06 FZAL0.HE
Sarial Numbar: fOR58
Dperatar: TRC
Standard Lamp: VIR T2y
Gperating Voltage Range: B o 15 VDG {+)
Note: The QCP2350-HP putput is a voltage that is preportional to the lag of the incident irradlance.
To calculate frradiance, use this formula:
Irradiance = Calibration factor * {10*Light Signal Voltage - 10*Dark Voltage)
Dry Calloration Factor: 3.07E+12 quantalem®sac per volt 5.09E-D6 pEinsteinsiami-sec por volt
Wet Calibration Factor:  3.29E+12 quantafcm®sec per volt 5.47E-06 pEinsteinsicm?-sac per volt
Sensor Tast Dam and Resulis®
Sartsor Supply Cuncenl (Dark); 3.4 md,
Suppry Voltege: G Violts
Lemp Integrated PAR Inadlance:  9.34E+15  quaniatem®ser 401551 Einskelnslomisec
Immersion Caeficiant: 093
Test Imwad.
MNominal Expacled Caldralad Sensor  Expected Vaolage %  Measured  Tranomissipn  (quants!
Filter O Transmission Trang, Wokiape Vollage  Emor Trans. Emor {%4) =
Mo Flar i00% 100.008 3.454 3484 s 100.00% 0.0 8.34E+15
03 50% 36.10% 3.035 ALY | % 35.84% 143 3.3ZEHS
L] 32% a0 2.922 825 0% 2T 0.3 2.58Er15
1 0% 927% Z.a51 2451 1% 9.52% w27 B.90E+14
2 1% 1.11% 1.549 1.529 1% 1.13% -1.7 1.06E+14
3 0.10% 1.05% 0,345 az19 48% 0.05% 10.3 &4 BSE+12
RGTED 0.00% 0_00% 0.004a 0004 1% 0.00% ~100.0 Z4BE+ 10
Diark Bafgra: 0.4 Walls
Light - No Fitter Hldr.: 3,484 Yalis
Dark Aftar - NFH: 0,00 Voliz
Auerage Dark B.o03s Volls
[Holon:
1. Annunl calitr sion e rgperimended
|2} This &ectian L for imerrel wee and fr moo Fuanzad anglysis.
; i { rogram
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Data Report for LMG1601 ARSV Laurence M. Gould

S B Sea-Bird Electronics, Inc. FAX: [425) 643-0554
13431 NE 20in Streat, Balleviss, WA SEI05 Tel: (425] 643-9866
(RAPAMRAER:  Website: htp:iwww seabird com Email- seablmseaim.com
SEASOFT COEFFICIENTS
FOR THE BIOSPHERICAL PAR LIGHT SENSOR
S/M T0558

Y our Sea-Bird Instrument has been configured to record light data from a BIOSPHERICAL Guantum sensor. The 0 - 5 volt
output of this sensor comesponds on a logarithmic scae to light messurement over the measurement range.

Make the fillowing entries in SEASOFT

M = 1
B =
Erom the Bigepherical calibrat _—
C. = Calibration Factor (pEinssins/om™® secper volt)
= SATE-DE
v = Average Dark Voltage (Vdts)
= 0.0035
caad fcllowi i
Calibration Constant = Seasoft Calibration Coeffigient
= Wficw
= 1.8282E+10
Offst = -{10'" C_" 10¥) (V isthedak voltage )
= 055142611
M ultiplier = 1

Sat multiplier to 1 for cutput in pEinsteins’m’se. See Application Mote 11 Genera for information on eutput in units other than
pErdn'ns"rrFE:. See Application Mote 1105P-L for information reganding this calibration sheet.
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MOCNESS Sensors

Pressure Sensor

DEPTH SENSOR CALIBRATION
S5/N 186 XI-18-2010

The pressure sensor used in the MOCNESS is a titanium strain gauge with an
internal temperature sensor. The temperature of the sensor is measured
and used to correct for the thermal offsets in the measurement of
pressure. The MOCNESS measures the voltage across the pressure and
temperature bridges of the sensor and reports these values in its output
data stream. The MOCMNESS pressure sensor is calibrated at several
pressure points and at two temperatures. There are no adjustments in the
MOCMESS hardware and all calibration is done in software in the surface
control computer. The values sent up the wire in the MOCNESS data stream
(the bridge voltages) are scaled to be sent as integers in the range of 0-
99999 for pressure and 0-2999 for temperature. The calibration data is fit
by the following equation-

Z=(C1*Vi+CO)*VpA2+(B1*Vi+BO)*Vp+(AT1*Vi+AD)

where-
Z=pressure in decibars (1 decibar is approx 1m of water)
Vp=voltage reading in data stream from pressure sensor
Vt=voltage reading in data stream from temperature sensor

The following constants are for your MOCMESS underwater unit.

serial_number =
186
Cl=
-1.398519166559790e-12
Co =
3.028998129747348e-08
Bl =
4.213305800724209e-08
BO =
0.10317176619001
Al =
-0.00413109498238
AD =
-1.622556199612343e+02
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Temperature

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phaone: (425) 643 - 9866 Fax (425) 643 - 8954 Email: seabird@seabird com

SEMSOR SERTAT. NTTMRER: 2686
CALTBRATION DATE: 18-Jun-08

ITS-2) COEFACIENTS
4.33921790e-003
6.32051355«-004
2.13939843&-005
1.73857485e-006
f0 = 1000.0

g =
h =
i =

j =

BATH TEMP
(ITS-90)

-1.
0.
4.
¥

11.

14.

18.

21.

25.

-9398

28

32.

s002
2998
4998
9ad8
4998
29898
4998
2998
4998

4998

INSTRUMENT FREO

(Hz)

2835,
3107.
3359.
3626.
3807.
4204.
4517.
4846,
5192.
5554.
5934,

523
047
304
084
Bo7
BEZ2
717
699
212
626
280

SBE3 TEMPERATIRECALIBERATION DATA

ITS-%) TEMPERATURE SCALE

IPTS-68 COEFFICIENTS

a= 3. 6B1l21477e-003

B = 5.82165834e-004

e = 1_58039646e-005

d = 1.74001372e-006

f0 = 2835_.523

INST TEMP RESIDUAL
(TS-90) (ITS-90)
-1.5002 go.o0oooz2
0.9998 -0.00003
4.4998 -0.00000
7.8558 g.ooool
11.4998 0.0ooaz2
14.998588 -0.00001
18.4998 -0.000a0
21.99598 -0.00001
25.4988 -0.00001
28.9998 g.oooaz
32.49598 -0.00001

Temperature ITS-90 = 1/{g + h{ln(f /6] + illn’(£ /6] + jlin’ (£ M} - 273.15 (°C)

Temperature IPTS-68 = 1/{a + blin(f /£)] + c[rf{fum] +d[1'nj{fdl'f:|]} - 273.15(%C)

Following the rmomnﬂ.imnf[ﬁ]’l‘s:Tﬂjsammtd o sz 100024 *Tm 20350

Residual = instrument tempersture - bath te mpe ratune

Date, Offsetimdeg C)

0.02 23-Mar-07  0.37
18-Jun08 0.00
__om
O
o
A
-
o
8 000 P S S T — g3 |
=
-
o
[
O
o
-0
-0.02 1111 1 11 1 1111 1111 1111 1111 1 111 1 11 1
-5 o 5 10 15 20 25 a0 a5
Temperature, Degrees C
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ARSV Laurence M. Gould

Conductivity

Sea-Bird Electronics, Inc.

SEMSOR SERIAL NUMBER: 2047
CALIBRATION DATE: 23- Ape-15

GHI COEFFICIENTS

g = -1.06169808e+001
1.45334125«+000
i = -5 17240656&-003
5.84314376e-004
CPoor = -9.5700&-008 (nominall

h =

j =

CToor =

BATH TEMF  BATHSAL

{ITS-90)

-1.

-oooo
oooo
.oooo
-oooo
-5000
-oooo
-5001

(Ps1D)

o.oooo
34_4896
34.4900
34._4906
34.4910
34.4883
34.4797

3.2500e-006 (nominall

{ Siemens/m)
.goooo
78070
.95072

-579B5
-BS461
-02381

1]
2
2
4.235886
4
3
-]

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phane: (+1) 425-643-9886 Fax (+1) 425-543-9854 Email: sesbird@seabird com

SBE4 CONDUCTIVITY CALIBRATION DATA
P55 1978 C(35,15,0) = 42914 Seimens/meter

ABCDM COEFFICIENTS

2.35466703e-006
1.43942676e+000
-1.05867511as001
-7.96086207&-0035

a
b
& =
d
m

6.0

CPeor = -9.5700e-008 (nominall

BATHCOND INST FRED

{kHz)

2.71191
5.16161
5.27441
6.05824
6.25099
681731
7.00098

INST COND RESIDUUAL
(Siemens'm) (SiemensSm)
a.oooaod g.00000
2_780&9 —-0.00001
2.95073 0.00001
4_23588 0.00003
4.57982 -0.00002
5.65460 -0.00001
6_.02392 0.00001

Conductivity = (g + hf +if" +jf )/10{1 + &1+ ep) Siemens/meter
Conductivity ={af " +bf +¢ +dt)/ [1041 +&p) Siemensfmeter
t = temperatune[*C) ]; p = presure[decibars], & = CTeor; € = CPoor;
Residual = (instrument ¢onductivity - bath conductivity) using g, b, i, j coefficients

Date, Slope Comection

[#] 23-Apr-15 1.0000000

0.002
0.001

E 0.000 s g I

@

"

=0

=

W

2 _0.001
20,002 1 111 1 111 1111 1 111 1 111 | | |

0 ) 7

2 3 4 5
Conductivity (Siemens/m)
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ARSV Laurence M. Gould

Acquisition and Processing Information

Errors and Events

This section lists all significant events and known problems with acquisition during this cruise including
instrument failures, data acquisition system failures, and other factors affecting this data set.

Day Of Year | Time (GMT) | Event Location
004 11:30 Begin logging @68W
004 21:24 GUV feed repaired and brought online
005 04:56 ADCP Bottom Tracking Off Leaving Patagonian shelf
004 11:05 ADCP Bottom Tracking On Arrive Antarctic shelf
008 11:04 Suspend logging of seawater and sonar | Arrive Palmer Station
010 12:29 Resume logging of seawater and sonar | Depart Palmer Station
010 12:50 02 system weekly maintenance
014 15:03 ADCP Bottom Tracking Off
015 16:10 PCO2 N2 tank changed to 180942
019-020 Heavy sea ice caused seawater system 300 line
flow to be interrupted several times

021 1750 GUV computer stopped receiving data
022 0330 GUV back online
025 0515 02 system weekly maintenance

. GUV restarted. Previous 2 days of data
030 05:15 are suspect and should be discarded
030 1335 02 system weekly maintenance
032 09:30-18:00 | Knudsen Off Mooring
033 03:43-03:55 | Seawater system off for maintenance
034 10:15-11:40 | Knudsen off Mooring
035 03:10-03:13 | Seawater system off for maintenance
037 11:33 02 system weekly maintenance
043 11:44 Suspend logging of seawater and sonar | Arrive Palmer Station
044 13:30 Resume logging of seawater and sonar | Depart Palmer Station
045 10:10 ADCP Bottom Tracking Off Leaving Antarctic shelf
047 00:48 ADCP Bottom Tracking On Arrive Patagonian shelf
047 21:05 Stop data acquisition @68W
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