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Data Report for LMG1504 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All of the data has been archived with the Unix “tar” command and/or compressed using Unix “gzip”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 LMG1504 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
/Call

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
/logsheet/

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.

QC Plots
/process/QC_PLOTS/

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/mm/yy

02 GMT time hh:mm:ss

03 PCOD latitude (negative is South) Ddd.dddd

04 PCOD 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/meters2 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 pg/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 1sec R. M. young 41372VC
Relative Humidity Imwx continuous 1sec R. M. young 41372VC
Wind Speed/Direction | Imwx continuous 1sec Gill Ultrasonic

PAR, Imwx continuous 1 sec BSI QSR-240

(Photosynthetically-
Available Radiation)

Barometer Imwx continuous 1sec R. M. young 61201
Port 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 1 sec SeaBird 38
Temperature

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

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 everyday or on every cruise.

RVDAS data files are named following the convention: LMG[FileID].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 - Cambell [Imwx Gyro Compass Igyr
Knudsen lknu 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 Iguv

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. An example data

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

lwnl - 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 X is 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

RVDAS Time Tag

PUS tag — Port UltraSonic Anemometer

Unit Identification, A-Z

Port Wind Direction, degrees relative to Bow

deg

Port Wind Speed

m/s

Units, M=meters per second

Sound Speed

m/s

Sonic Temperature

°C

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

PO INOO|O|RWIN|(F

0 Check Sum

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

Field |Data

Units

RVDAS Time Tag

SUS tag — Starboard UltraSonic Anemometer

Unit Identification, A-Z

Port Wind Direction, degrees relative to Bow

deg

Port Wind Speed

m/s

Units, M=meters per second

Sound Speed

m/s

Sonic Temperature

°C

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

PO NOO|OAWIN|F-

0 Check Sum

Lockheed Martin Antarctic Support Contract 9
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Data Report for LMG1504 ARSV Laurence M. Gould

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

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

12 Barometer mBars

Lockheed Martin Antarctic Support Contract 10 United States Antarctic Program
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ARSV Laurence M. Gould

Isea — wet wall flows, transmissometer

124004:12:01:04.438 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 V

11 Voltage 2 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 ng/l

5 Reference AQ

6 Counts — Chlorophyll Signal Count

7 Thermistor

Lockheed Martin Antarctic Support Contract 12
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Igo2 — 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
2.089 -2.448 723.594 002.50 086.43 099.74 002.77 000.97 050
1966.097 01.345 37.0171 37.8433 000.0 000.0 20.66 20.41 -92
01.88 0.0001711 0.0001712 0.0000747 0.0000725 02.657 02.678

1.2379622 744.549 111.853 131.642 -
.65 0.000 001.19 065.59 039.48

.0 28.66 37.44 42.33 37.80 47.95 0.0
-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

jpfcell - pressure in torr at fuel cells

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

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 |flmfcset - 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 VCO?2 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
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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).

Igyr - Gyro

02+315:23:59:58.616 SHEHDT,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 $HEHDT

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

5 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,6118.168460,5,06008.089527,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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ARSV Laurence M. Gould

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 d.dd
4 T
S ,
6 M
7 Speed over ground in Knots k.k
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: 0 = 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 in degrees. Positive with port side up. d.dd
4 Pitch in degrees. Positive with bow up. d.dd
5 Heading in degrees true d.dd
6 Heave in meters. Positive is down m.mm
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

DN IWIN(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

kmhr

OO IN|OO|PR|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 PfggK 2F2RQj7>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 Il | 1246001-WC45 N/A Collected
Starboard Anemometer Gill Ultrasonic Wind Observer Il | 1246002-WC45 N/A Collected
Barometer R.M. Young 61201 BP00873 12-Jun-2014 | collected
Humidity/Wet Temp RM Young 41372LC 06133 07-Dec-2012 Collected
PAR for Mast Biosph. Inst. QSR-240P 6719 1-Oct-2012 Collected
PIR Eppley PIR 32031F3 14-Dec-2012 Collected
PSP Eppley PSP 31701F3 20-Dec-2012 Collected
GUV (Mast) Biosph. Inst. GUV-2511 Off for recal. 28-Jan-2013 Collected
Transmissometer WET Labs C-Star 25 cm deep CST-407DR 01-Oct-2012 Collected
MicroTSG (Primary) Sea-Bird 45 243 05-Jan-2013 Collected
MicroTSG (Secondary) Sea-Bird 45 227 09-Apr-2013 Collected
Digital Remote Temp Sea-Bird 38 351 15-Nov-2012 Collected
Fluorometer WET Labs ECO-FL FLRTD-1735 23-Aug-12 Collected
CTD Sensors

Sensor Description Serial # Cal. Date Status
CTD Fish SBE-9Plus 0328 21-May-2014 | collected
Primary Temperature SBE-3 2205 23-May-2014 | collected
Secondary Temperature | SBE-3 2470 02-Apr-2014 | collected
Primary Conductivity SBE-4 2065 11-Apr-2014 Collected
Secondary Conductivity | SBE-4 2293 04-Apr-2014 | collected
Secondary Conductivity SBE-4 2048 06-May-2014 | cgjlected
Primary Oxygen SBE-43 0161 11-Jul-2014 Collected
Secondary Oxygen SBE-43 0200 08-Apr-2014 Collected
Transmissometer WET Labs C-Star 25 cm deep CST-553DR 08-Aug-2014 | cqllected
Fluorometer Wetlabs ECO FLRTD FLRTD-399 14-Apr-2014 Collected
PAR Biospherical QSP200L 4714 08-Aug-2014 Collected
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Underway Calibration Sheets

Anemometer

WindObserver [I™
Product Test Report WL,

INSTRUMENTS

Product Tested: WindObserver I
Part Number: 1390-70-B-322
Serial Number: 1246001 - WC45
Test Date: 15/11/2012

Location: Gill Instruments Ltd

GILL ensures that quality is inherent in all aspects of the activities and ensures that compliance with
BS EN ISO8001t 2008 is maintained.

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

procedures

Results

Test Limits Passed
Still Air Test (Zero Wind Speed) < 0.02m/s Pass
Wind Tunnel Test (12 m/s nominal) Pass/Fail Pass

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

All tests have been successfully completed

On behalf of Gill Instruments Ltd

(
Tony Raine

Quality Control
2002-0395 Issue 1

Gl Instruments Lid

”'/;) B R | \ Y 590 ¢ " 1
f L ] [ LR .

9 yringtar 150 9001
: ¢ 2 www.gill.co.uk

INSTRUMENTS
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Barometer

Traverse City, Michigan 49686 USA

w R.M. Young Company o~
k* 2801 Aero Park Drive i)

CALIBRATION REPORT
Barometric Pressure

Customer: Lockheed Martin Corp

Test Number: 4612-03B Customer PO: 4900049769
Test Date: 12 June 2014 Sales Order: 4131

Test Sensor:
Model: 61201 Serial Number: BP000873

Description: Barometric Pressure Sensor

Report of calibration comparison of test barometric pressure sensor with National Institute of Standards and
Technology traceable standard pressure calibrator at five pressures in the R.M. Young Company controlled
pressure facility. Calibration accuracy + 1.0 hPa.

Reference Voltage Indicated (1)
Pressure Output Pressure
(hPa) (millivolts) (hPa)
800.0 -2 799.9
875.0 1250 875.0
950.0 2501 950.0
1025.0 3750 1025.0
1100.0 4998 1099.9
(1) Calculated from voltage output

All reference equipment used in this calibration procedure have been tested by comparison to traceable
standards certified by the National Institute of Standards and Technology.

Reference Instrument Serial # NIST Test Reference
Druck Pressure Controller Mode! DP1515 51500497 UKAS Lab 0221
Fluke Multimeter Model 8060A 4865407 234027

Tested By: m

>

METEOROLOGICAL INSTRUMENTS
Tel: 231-946-3980 Fax: 231-948-4772 Email: met.sales@youngusa.com Website: youngusa.com
1SO 9001:2008 CERTIFIED
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Air Temperature / Relative Humidity

', - R.M. Young Company
k* 2801 Aero Park Drive
[ 4 Traverse City, Michigan 49686 USA
YOUNG
CALIBRATION REPORT
Temperature

Customer: Lockheed Martin

Test Number: 3911-12T Customer PO: 4100966256
Test Date: 21 October 2013 Sales Order: 3569

Test Sensor:
Model: 41372LC Serial Number: TS06719

Description: Temperature/Relative Humidity Sensor

Report of calibration comparison of test temperature sensor with National Institute of Standards and
Technology traceable standard thermometers at three temperatures in the R.M. Young Company controlled
temperature calibration bath facilities. Calibration accuracy + 0.1¢ Celsius.

Bath Current Indicated (1)
Temperature Output Temperature
(degrees C) (milliamps) (degrees C)

-49.95 4.010 -49.94

0.00 12.001 0.01

49.93 19.988 49.93
(1) Calculated from current output

All reference equipment used in this calibration procedure have been tested by comparison to traceable
standards certified by the National Institute of Standards and Technology.

Reference Instrument Serial # NIST Test Reference
Brooklyn Thermometer Model 43-FC 3006-118 W204690
Brooklyn Thermometer Model 22332-D5-FC 25071 W204691
Brooklyn Thermometer Model 2X400-D7-FC 77532 W204692
Keithley Multimeter Model 191 16232 4200646497

Tested By: //?/Z—/CC-»\,

r

METEOROLOGICAL INSTRUMENTS
Tel: 231-946-3980 Fax: 231-946-4772 Email: met.sales@youngusa.com Website: youngusa.com
1SO 9001:2008 CERTIFIED
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'I R.M. Young Company
k* 2801 Aero Park Drive
[ 4 Traverse City, Michigan 49686 USA
YOUNG
CALIBRATION REPORT
Relative Humidity

Customer: Lockheed Martin

Test Number: 3911-12R Customer PO: 4100966256
Test Date: 21 October 2013 Sales Order: 3569

Test Sensor:
Model: 41372LC Serial Number: TS06719
Description: Temperature/Relative Humidity Sensor

Report of calibration comparison of test relative humidity sensor with National Institute of Standards and
Technology traceable standard relative humidity sensor at five humidity levels in the R.M. Young Company
controlled humidity chamber facility. Calibration accuracy * 2.0 %.

Reference Current Indicated (1)

Humidity Output Humidity
(%) (milliamps) (%)
10.0 6.0 12.3
30.0 8.9 30.8
50.0 12.3 51.9
70.0 15.2 70.3
90.0 18.1 87.9

(1) Calculated from voltage output

All reference equipment used in this calibration procedure have been tested by comparison to traceable
standards certified by the National Institute of Standards and Technology.

Reference Instrument Serial # NIST Test Reference
Vaisala Humidity Sensor Model 35AC N475040 TN 266152
Agilent Multimeter Model 34405A MY53020093 4200646497

Tested By: m—\ -

7

METEOROLOGICHAE INSTIRUMENTS
Tel: 231-846-3980 Fax: 231-946-4772 Email: met.sales@youngusa.com Website: youngusa.com
1SO 9001:2008 CERTIFIED
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PAR (mast)

Biospherical Instruments Inc.

CALIBRATION CERTIFICATE

Calibration Date 5/20/2013

Model Number QSR-240

Serial Number 5394

Operator TPC

Standard Lamp V-031(3/7/12)

Probe Excitation Voliage Range: 6 to 18 VDC(+)
Output Polarity: Positive

Prob nditions at Calibration(in air):

Calibration Voltage: ] VDC(+)

Probe Current: 4.0 mA
Probe Output Voltage:

Probe llluminated 107.0 mYy

Probe Dark 0.3 my

Probe Net Response 106.7 mv/

RG780 0.3 my

Corrected Lamp Qutput:
Output In Air (same condition as calibration):

1.044E+168  quanta/cm?sec
0.01733 uEfem®sec
Calibration Scale Factor:

(To calculate irradiance, divide the nef voltage reading in Volts by this value.)

Dry: 1.0225E-17  V/(quanta/cm?sec)
6.1572E+00 V/(uE/cm’sec)

Motes:

1. Annual calibration is recommended.

2. Calibration is performed using a Standard of Spectral Iradiance traceable to the
National Institute of Standards and Technology (NIST).

3. The collector should be cleaned frequently with alcohol.

4, Calibration was performed with customer cable, when available,
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PAR for mast

QSR240R 05/24/95

Biospherical Instruments Inc.

CALIBRATION CERTIFICATE
Calibration Date 5/20/2013
Model Number QSR-240
Serial Number 6394
Operator TPC
Standard Lamp V-031(3/7/12)
Probe Excitation Voltage Range: 6 to 18 VDC(+)
Output Polarity: Positive

Probe Conditions at Calibration(in air):

Calibration Voltage: 6 VDC(+)
Probe Current: 4.0 mA

Probe Output Voltage:

Probe llluminated 107.0 mV
Probe Dark 0.3 mV
Probe Net Response 106.7 mV
RG780 0.3 mV

Corrected Lamp Output:

Output In Air (same condition as calibration):

1.044E+16  quanta/cm?sec
__0.01733  uE/cm’sec

Calibration Scale Factor:
(To calculate irradiance, divide the net voltage reading in Volts by this value.)

Dry: 1.0225E-17  V/(quanta/cm?sec)
6.1572E+00  V/(uE/cm®sec)

Notes:

1. Annual calibration is recommended.

2. Calibration is performed using a Standard of Spectral Irradiance traceable to the
National Institute of Standards and Technology (NIST).

3. The collector should be cleaned frequently with alcohol.

4. Calibration was performed with customer cable, when available.
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PIR

THE EPPLEY LABORATORY, INC.

12 Sheffield Avenue, PO Box 419, Newport, Rhode Island USA 02840
Phone: 401.847.1020  Fax: 401.847.1031 Email: info@eppleylab.com

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER
Model PIR

Serial Number: 32031F3

Resistance: 709 Q at 23°C
Temperature Compensation Range: -20° to +40°C

This pyrgeometer has been compared against Eppley’s Blackbody Calibration System under
radiation intensities of approximately 200 watts meter” and an average ambient temperature of
25°C as measured by Standard Omega Temperature Probe, RTD#1.

As a result of a series of comparisons, it has been found to have a sensitivity of:

3.80 x 10 volts/watts meter™

The calculation of this constant is based on the fact that the relationship between radiation
intensity and emf is rectilinear to intensities of 700 watts meter. This radiometer is linear to
within +1.0% up to this intensity.

The calibration of this instrument is traceable to the International Practical Temperature Scale
(IPTS) through a precision low-temperature blackbody.

Eppley recommends a minimum calibration cycle of five (5) years but encourages annual

calibrations for highest measurement accuracy. Unless otherwise stated in the remarks section
below or on the Sales Order, the results are “AS FOUND / AS LEFT™.

Shipped to: LMP4 ISGS (NSF) Date of Test: September 4, 2013

Port Hueneme, CA
In Charge of Test: % / /&f
S.0. Number: 63900

Date: September 5, 2013 Reviewed by:

Remarks:
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PSP

THE EPPLEY LABORATORY, INC.

12 Sheffield Avenue, PO Box 419, Newport, Rhode Island USA 02840
Phone: 401.847.1020  Fax: 401.847.1031  Email: info@eppleylab.com

Calibration Certificate

Instrument: Precision Spectral Pyranometer, Model PSP, Serial Number 31701F3

Procedure: This pyranometer was compared in Eppley’s Integrating Hemisphere according to
procedures described in ISO 9847 Section 5.3.1 and Technical Procedure, TPO1 of
The Eppley Laboratory, Inc.’s Quality. Assurance Manual on Calibrations.

Transfer Standard: Eppley Precision Spectral Pyranometer, Model PSP, Serial Number 21231F3

Results: Sensitivity: S=8.14 pV/Wm?
Uncertainty: Ups =+0.91% (95% confidence level, k=2)
Resistance: 674 Q at 23°C
Date of Test: September 3, 2013
Traceability: This calibration is traceable to the World Radiation Reference (WRR) through

comparisons with Eppley’s AHF standard self-calibrating cavity pyrheliometers
which participated in the Eleventh International Pyrheliometric Comparisons (IPC
XI) at Davos, Switzerland in September-October 2010. Unless otherwise stated in
the remarks section below or on the Sales Order, the results of this calibration are
“AS FOUND / AS LEFT”.

Due Date: Eppley recommends a minimum calibration cycle of five (5) years but encourages
annual calibrations for highest measurement accuracy.

Customer: LMP4 ISGS (NSF)
Port Hueneme, CA

Signatures: In Charge of Test: Reviewed by:

Eppley SO 63900
Date of Certificate September 5, 2013

Remarks:
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Transmissometer

PO Box 518 (54 1) 923-5650

620 Applegate St Fan [541) 923-5277

Phillomath, OR 97370 a S wnw wetlabs.com
C-Star Calibration

Date  April 1, 2013 SINE CST40TDR Pathlength 25 cm

Analog output

Va 0060 vV

Vair ATV

L - 4663V

Temperature of calibration water 201 °C

er& duﬁﬁ calibration 2.1 °C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, n meters): Tr= ™"
To determine beam transmittance: Tr= [Wayg - Vasa) T (Wiet - Vaas)

To determine beam attenuation coefficient ¢ = -1lx*In (Tr)

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

Vur  Meter output in air with a clear beam path.

V.  Meter output with clean water in the path.

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

Vi  Measured signal output of meter.

Revision L g ]
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Data Report for LMG1504 ARSV Laurence M. Gould

Thermosalinograph (temp) — 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 SBE 45 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 16-May-14 ITS-90 TEMPERATURE SCALE

COEFFICIENTS:

a0 = 1.417246e-005
al = 2.749041le-004
a2z = -2.5535072-006
ai = 1.527836e-007
BATH TEMP INSTRUMENT INST TEMP RESIDUAL
{(ITs-90) OUTPUT (IT5-90) (ITS-90)
1.0000 759568.9 1.0000 -0.0000
4.5000 647915.0 4.5000 0.0000
15.0000 410152.8 14.35939 -0.0001
18.5000 354383.2 18.5001 0.0001
24.0000 283362.0 24.0000 -0.0000
29.0000 232648.2 23.0000 0.0000
32.5000 203331.4 32.5000 -0.0000

Temperature ITS-90 = 1/{a0 + al[in(n)] + a2[in’(n)] + a3[im'(n)]} - 273.15 (°C)
Residual = instrument temperature - bath temperature
10 = instrument output

Date, Slope Cormreciion

1 R GG T EEEEEET EEL LR EEE TS EEEEETE EEEEEEE @ 05-Jan-13  0.00
A 16-May-14 -0.00

R T S Anninieiated St iaieiaiks Saleieie el Sabeieieintels Inldteieete
_ - 1 1 1 1 | 1 |
Q 1 1 1 1 | 1 |
o - 1 1 1 1 | 1 |
(] _ 1 1 1 1 | 1 |
o 1 1 1 1 | 1 |
=] - 1 1 1 1 | 1 |

8 0-------ie— ! 4 ————H -
. - 1 1 1 1 | 1 |
™ 1 1 1 1 1 1 1
2 - 1 1 1 1 | 1 |
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Data Report for LMG1504

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: 0243

CALIBRATION DATE: 16-May-14

COEFFICIENTS:

BATHTEMF BATH SAL BATH COND
(Siemens/m)
a.
. 96468
.27061
.24873
.58263
.14857
_66845

g = -1.008861e+000
h = 1.574112e-001
i = -3.6469012-004
j = 5.431565e-005
(ITS-90) (PSU)
22.0000 0.0000
1.0000 34.6704
4.5000 34.6504
15.0000 34.6078
18.5000 34.5989
24.0000 34.5892
29.0000 34.5834
32.5000 34.5796

f=INST FREQ * sqrt(1.0 + WBOTC *t) / 1000.0
Conductivity=(g+h*f+i*f +j*£)/(1+5 * t+& * p) Siemens / meter
t = temperatur e[“C)]; p = pressure[decibars]; & = CTcor; £ = CPcor;

Fesidual = instrument conductivity - bath conductivity

(=R R T3 B R SR PR v ]

00000

-03%37

SBE 45 CONDUCTIVITY CALIBRATION DATA
PSS 1978: C(35,15,0) = 4.2914 Siemens/meter

CPCOY
CTCor
WBEOTC

INST FREQ
(Hz)

2536
5031

5221.

E784

B985,
E257.

6514
6691

.23
.60
13
=74
93
55
.65
.83

INST COND
(Siemensim)
0.00000
96467
.27062
.24873
.E3263
.14856
EGE46
.03336

(=N B Ty B S FU R K]

sidual, (S/m)

-9.5700e-
= 3.2EB0De-
= 1.1173e-

oo8
006
006

RESIDUAL
(Siemens/m)
0.00000
-0.00001
0.00001
-0.00000
-0.00000
-0.00000
0.00001
-0.00000

Date, Slope Correction

@ 05-Jan-13 0.9995310
A 16-May-14 1.0000000
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Data Report for LMG1504

ARSV Laurence M. Gould

Thermosalinograph (Temp) — Secondary

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9855 Fax (+1) 425-643-9954 Emait seabird@seabird com

SENSOR SERIAL NUMBER: 0227
CALIBRATION DATE: 25-Aug-13

ITS-90 COEFFICIENTS

a0 = =-5,724362e-005
al = 2.934054e-004
a2 = -3.824766e-006
ad = 1.903347e=007

BATH TEMP

(I7s-90)
0.953%%
4,4598
15.0000
18,5000
24.0000
29.0000
32,5000

INSTRUMENT
OUTPUT
GE4E5E.
SEBCBE.
3616635,
313054,
251007,
206585,
190854.

- W N oo

SBE 45 TEMPERATURE CALIBRATION DATA

Temperature 1TS-90 = 1/{a0 +al[in(n)] + az[ln’(n)] + ﬁ(ln’(n)]} -213.15(°C)
Residual = mstrument temperature - bath temperature

0.02

0.01-+

ITS-90 TEMPERATURE SCALE
INST TEMP RESIDUAL
{175-90) (TTS-90)
4,859 0. 0ULY
4.5000 0.0001
15.0000 -0.0000
18.5000 0.0000
231.9999 ~0.0001
29,0001 0.0001
32.4999 -0.0001
Date, Delta T (mdeg C)
21-Jun-11 231
25-Aug-13 -0.00

e —%

Residual, (Degrees C)
o
8

-0.01

L)

T T |

LA

| -

0.02- L L

5

10 15 20
Temperature, Degrees C

25 30 35
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Data Report for LMG1504 ARSYV Laurence M. Gould

Thermosalinograph (Conductivity) — Secondary

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-843-9866 Fax (+1) 425-643-9954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 0227 SBE 45 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 25-Aug-13 PSS 1978: C(35,15,0) = 4.2914 Siemens/meter
COEFFICIENTS:

g = =1.020049e+000 CPcor = -9.5700e~008

h = 1.581270e-001 CTcor = 3.2500e~006

i = -4,833232e-004 WBOTC = 1.0472e-006

3 = 6.326134e-005

BATHTEMP BATHSAL BATHCOND INSTFREQ  INSTCOND RESIDUAL

(ITS50) (PSU) (Siemens/m) (Hz) (Siemens/m) (Siemens/m)
22,0000 0.0000 0.00000 2546.43 t.uouuy u.uvuuy
0.999% 34,8073 2.97528 5039.61 2.87526 0.00000
4.43899 34.7873 3.28225 5229.34 3.28225 -0.00000
15.0000 34.7443 §.26371 £793.02 4.26372 0.00000
18,5000 34.7355 4.603881 5978.31 4,60880 -0.00000
24.0000 34,7260 5.16668 6265.93 5.16668 0.00000
29,0000 34,7212 5.6894% 6523.12 5.68849 =3,00000

{=INST FREQ * sqrt(1.0 + WBOTC * 1)/ 1000.0
Conductivity = (g + h* +if +jf ')/ (1 + 5t + tp) Siemens/meter
t = temperature[°C)); p = peessure[decibars]; & = CTcor; € = CPror;
Residual = instrument conductivity - bath conductivity
Date, Slope Correction

0.002 ‘/._‘L 21-Jun-11 0.9586776
25-Aug-13 1.0000000
-__,.M‘>.-’.-—'
/‘r/.ﬁ
0.001
/
e T
2]
g 0.000 A —ha {A—&
b
]
14
-0.001
.omz Ll L1 11 A0k g 1 111 Lohyil | Bl o | 58] M s |
0 2 3 4 5 7 S
Conductivity (Slemens/m)
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Data Report for LMG1504 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@seabird.com

SENSOR SERIAL NUMBER: 0351 SBE 38 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 28-Dec-13 ITS-90 TEMPERATURE SCALE

ITS-90 COEFFICIENTS

a0l = 6.847307e-005
al = 2.737587e-004
a2 = -2.376425e-006

a3 = 1.515438e-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
(ITS-90) OouTPUT (1TS-90) (ITS-90)
-1.50000 674751.5 -1.49996 0.00004
1.00000 601342 .4 0.99997 -0.00003
4.50020 513289.0 4.50015 -0.00005
8.00000 439602.0 7.99997 -0.00003
11.50000 377712.0 11.50004 0.00004
14.99990 325560.5 15.00003 0.00013
18.50020 281469.0 18.50008 -0.00012
22.00000 244073.8 22.00011 0.00011
25.50000 212261.3 25.49992 -0.00008
29.00010 185112.4 29.00003 -0.00007
32.50010 161877.4 32.50017 0.00007

Temperature ITS-90 = 1/{a0 + a1 {In(m)] + a2[in" ()] + a3[In ()]} - 273.15 (°C)
Residual = instrument temperature - bath temperature
Date, Dela T (mdeg C)
0.02

[®] 28-Dec-13 0.00

0.01

0.00+—o—Feo—eo—® *—8- L 4 ———1@ & *—

Residual, (Degrees C)

-0.01

_0'02IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-5 0 5 10 15 20 25 30 35
Temperature, Degrees C
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Data Report for LMG1504 ARSV Laurence M. Gould

Fluorometer

PO Box 518 (541) 828-3550

ibe:, WET@)Labs s
ECO Chlorophyll Fluorometer Characterization Sheet

Date: 41202013 S/M: FLRTD-1735

Chilorophyll concentration expressed in pg/l can be derived using the equation:

CHL {pg/l) = Scale Factor * (Output - Dark Counts)

Analag

Analog  Analog  Rangs £

Range 1 Range 2  [default) Digltal
Dark Counts 0053 p.oz7 o.0i0 v 50 counts
Scale Factor (SF) [ 12 25 pgiv D076 pgilicowt
Mactirmum Cutput 453 438 453 v 16350 counts
Resolution 07 oT 0.7 mv 0.5 counis
Ambient termperature during characterization 237 C

Analog Rangs: 1 {most sansitiva, 04,000 counts), 2 (midrange, 08,000 counts), 4 (entire range, 015,000 counts).
Dark Counts: Signal output of the meter In clean water with biack taps over detector.

SF: Detemined using the following equaton: SF = ¥ - (output - Sark counts), where ¥ |s e concentration of the
solution used during Instrument charactarization. SF Is sed to derive INstrument cutput concentration from the rEw
signal output of the fuoroemater.

Maximum Output: Maxdmiem signal outout the uorometes s capasle of.
Resolution: Standard deviation of 1 minute of collected data,

The relaionship betaeen fluorescencs and chiorophyil-a concentrafions in-s2v i highly vanabie. The scals Tacior Isied on this
dooument was determined using 3 mono-cultur: of phytopiankion [ Thalassiosing we's=Togil . The population was assumsd 1o be
reasonably Reaithy and the concentrafion was defermined by using the absoméon mefod. To accuabely determine chiorophyl
concentration using a fluommeter, you must perform secondary measwrements on the popalations of inferest. This ks typically done
using extraction-based measursment technigues on discreis sampiles. For addibonal information on determining dhilorophyl
concentration see "Etandand Blethods for the Examination of Wader and Wastewader® part 10300 H, published Joiniy by the Amercan
Fublic Healf Assoclabon, American Walsr Works Assoclation, and the Water Environmeent Federation.

FLRTD-1735.xs Rewvision J ANT0B
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Data Report for LMG1504

ARSV Laurence M. Gould

CTD Sensor Calibration Sheets

————— -

CTD Fish
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: D328 SBE Pplus PRESSURE CALIBRATION DATA
CALIBRATION DATE: 21-May-14 FSR: 10000 psia S/M 53880
DIGIQUARTZ COEFFICGIENTS: ADS20M, ADSB0B, SLOPE AMD OFFSET:
Cl = -5.847002e+004 ADS90M = 1.13300e-002
C2 = 6_.910390e-001 ADS90BE - -B.47592e+000
C3 = 1.753360e-002 Elope - 0.93333
Dl = 4 _2416008-002 offeet = -0.9481 (dbarse}
D2 = 0.000000e+000
Tl = 3.026040e+001
T2 = -1.93BB30e-004
T3 = 4.330190e-006
Td = 2_020250e-009
TS = 0.000000e+000
FRESSURE INST INST INST CORRECTED INST RESIDUAL
[PSlA) QUTPUT (Hz) TEMP (C) OUTPUT (PSIA) OUTPUT (PSIA) [PSIA)
14.692 33053 .40 22.9 16.156& 14.781 0.089%
2001.219 33609.50 23.1 2002.739 2001 .350 0.131
3987.972 34155.00 23.1 39389.337 3987.934 -0.038
5975.145 I4690.60 23.1 5976 . 655 5975.239 0.094
7962.287 35216.50 23.1 7963 .691 7962.261 -0.026
39343.6T1 I5733.30 23.2 9951 .0632 93949 .617 -0.054
7362.311 35216.50 23.2 7963 .685 7962 .255 -0.056
5975.184 34690.60 23.2 59376. 646 5975.229 0.045
39848.230 341585.10 23.2 31989 .696 39@8.293 0.063
2001.346 33609.50 23.2 2002.737 2001.348 0.002
14.635 33053.30 23.4 15.821 14 .446 -0.249
Besidual = cormected instrument pressure - reference pressure
Date, Offsetpsia)
10----— B R e R s ® 21-May-14 0.0
- 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 1 1 1 1 1 1
SR M U U O SR M
- 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 1 1 1 1 1 1 1 1 1
g U —— | ——— -
- S A L
s - 1 1 1 1 1 1 1 1
e - i i i i i i i i
3 i i i i i i i i
T L O S S U
a | T | q a H H
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

-'“.'l—I -|-|-|—|-|—|- rrr

1] 1000 2000

30D0 4000 5000

Pressure (PSIA)

AT rrrrrrTT
| R [Frrt ]
a0D0 TFOOD 8OO0 @000

1
TTTTTTTTT'

10000 11000
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Data Report for LMG1504

ARSV Laurence M. Gould

Primary Temperature

Sea-Bird Electronics, Inc.

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

SEN S0R SERIAL NUMRER: 7005
CALIBRATION DATE: 23-May-13

ITS-%0 COEFFICIENTS
g = &.34881187e-003
h = G.47917325&-004
i = Z.33788065e-003
§ = 2Z.17158813e-008
£0 = 1000.0

BATH TEMP
(ITS-90)
-1.5000
1.0000
4.5000
7.99889
11.5000
15.0000
18.5000
22._0000
25.5000
28.99495
32.5000

SBE3 TEMPERATURE CALIBRATION DATA
ITS-9) TEMPERATURE SCALE

IPTS-68 COEFFICIENTS
a4 = 3.6B121187e-003
b = E£.05576961e-004
c = 1.64527132e-003
d = 2.17316390e-006
fO = 2007.874

INSTRUMENT FRED INST TEMF
(Hz) (TS-90)
2807.874 -1.5000
3073.912 1.0000
3317.724 4_4999
3575.120 T7.9588
IB4E.4EE 11.5000
4132.102 i15.0000
4432.365 18.5000
4747.587 22.0000
5078.078 25.4999
5424.157 28.99885
5786.114 32.5000

Temperature TTS-90 = /g + hila(f /] +illn"(£,/] + ilin’ (€ M1} -273.15(°C)

Temperature IPTS-68 = 1/{a + biin(f /)] + ¢ [rf{fuaﬁ] + d[rn’{fnrﬁ]} - 273.15{°C)

RESIDUTAL
(TTS-90)
0.00003
-0.00o002
-0.00006&
0.00003
o.oooon
0.00004
0.00002
—0.00000
-0.00oo0s
0.00003
0.00002

Following the recommendation of JPOTS: Tu is assumed to be 100024 *Tm.[.z 0350
Residual = instrument temper atune - bath te mpe ratune

Date, Offsetimdeg C)
0.02 07 -Feb-12 -0.32
23-May-13 0.00

__ 0o
O
o
o
g
O 000 —— i ———k ——k —k i ]
=
a2
[
[

-0.01

—0.02 1111 1111 1111 1111 1111 1111 1111 1111

-5 0 5 10 15 20 25 30 35
Temperature, Degrees C
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Data Report for LMG1504 ARSV Laurence M. Gould

Secondary 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@seabird.com

SEMNSOR SERIAL NUMBER: 2470 SBE 3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 02-Apr-14 ITS-00 TEMPERATURE SCALE
ITS-80 COEFFICIENTS:

g = 4.316B5951e-0032
h - E.54789836e-004
1 = 2.4435889%e-005
] - 2.30987382e-006
fo - 1o0o00.0

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
{ITS-80) {Hz) (ITS-80) (ITS-90)
-1.5000 2731.573 -1.5000 0.00004
b T L T ] 2BBE.657 1. 0000 -0.00002
4. 5000 3111.772 4.4999 -0.00007
a. 0000 3350.317 8. 0000 -0.0000as8
11.5000 A601.617 11.5001 o.oooo7
15. 0000 3BE5.976 15.0002 0.00015
18.5000 4143 _.673 18.4999 -0.00006
220000 4435 . 041 21.9999 -0.00006
25.5000 4740.347 25. 5000 -0.00003
29 . D000 E059.B58 29 . 0000 o.o00001
32.5000 5393 .828 3Z.5000 o.ooo0o2

Temperature ITS-90 = 1/{ g + h[In(f /£ )] + il (€8] + ilin'(£,/D]} - 273.15 (°C)
Fesidnal = instrument temperature - bath temperatone

Date, Delta T (mdeg C)
omR—------ F------

|
5 10 15 20 25 30 35

Temperature, Degrees C

f------ To----- f------ To----- f------ {-mmm-- @ 07-Feb-12 015
- | | | | | | | A 02-Apr-14  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
1 1 1 1 1 ] 1
0 —-—-=-- r------ T=--"-- T-———"- T--———- T-""- T-——"-- B Dt
—_ - I I I I I I I
) _ 1 1 1 1 1 1 1
8 - | | | | | | |
o 1 1 1 1 1 1 1
=] - I I I I I I I
E oo e e e el
= - I I I I I I I
I
E _ 1 1 1 1 1 1 1
I I I I I I I
& - I I I I I I I
1 1 1 1 1 ] 1
D0 === r------ T=--"-- T-———"- T--———- T-""- T-——"-- B Dt
- 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
1 1 1 1 1 1 1
- I I I I I I I
I I I I I I I
'u-nz_T_l_T—l_i_'I_I_T—I_i_—I_I_T_I_T—I_rT_I_i_-I_T—I_I_T_I_T'I_r_i_l_r—l_r_i_I_T—I_r'
[1]
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Data Report for LMG1504

ARSV Laurence M. Gould

Primary Conductivity

SENSOR SERIAL NUMBER: 2085

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: 02-Apr-14

SBE 4 CONDUCTIVITY CALIBRATION DATA
PS5 1978: C(35,15,0) = 4.2014 Siemens/metar

COEFFICIENTS:
g = =-1.018459342+001 CPCOr = -9.5700e-008 (nominall
h - 1.410639742+000 CTcor - 3.2500e-006 (nominall
1 - -3.5239373d4e-003
i - 3.254514852-004
BATH TEMF BATH SAL BATHCOWND INSTFREQ INST COND RESIDUAL
{ITS-00) (PSU) [Siemens/m) (kH=z) (Siemens/m) (Siemens/m)
0. 0000 o.oDDOD 0.oooao 2.69380 o.o0DDOD 0.ooooo
-1.0000 34 .7162 2.79726 5.21855 2.79724 -0.00003
1. 0000 34.7160 2.96821 5.33423 2.96823 0.0oooz2
15.0000 314 .T71k9 4.26060 6.13801 4.26065 0.00005
18.5000 314 .7162 4.60652 6.331566 4.60647 -0.00006
29.0001 34.7142 5.68749 &6.91670 5.6BT749 0.00001
312.5001 34.7071 6.05911 T7.10531 6.05911 0.o0oooo
f=DN5T FREQ / 1000.0
Conductivity = (g+h* £+i* £ +j * £/ (1 +5 * t + £ * p) Siemens / meter
t = temperatur e[*C)]; p = presswe[decibars]; & = CTcor; £ = CPeor;
Fesidual = nstrument conductivity - bath comdnctivity
Date, Slope Comection
0.002—------- bt EEEE === il Fo--=--- @ 31-Jan-120.9999466

Residual, (S/m)

0001 —-------

-ﬂ-ﬂm—l'r T

0

r~——"""71

1

& 02-Apr-14 1.0000000

N I R

1 I
1 I
1 I
1 I
| |
1 I
] I
‘|'F‘|‘T‘|' T_I_T_I_T
4 t]

Conductivity, Siemensim

1
TTTrT 'l'T_FT' r-

i POST CRUISE
i CALIBRATION

I
f T
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Data Report for LMG1504

ARSV Laurence M. Gould

Secondary Conductivity (cast 00, 01)

SENSOR SERIAL NUMBER: 2293

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: 01-Apr-14

COEFFICIENTS:
-1.07116183e+001

g-

SBE 4 CONDUCTIMITY CALIBRATION DATA

PSS 1878: C(35,15,0) = 4 2814 Siemans/mater

CPCOTr = -9.5700e-008 (nominall
3.2500e-006 (nominal}

INST FREQ INST COND RESIDUAL

(Siemansim) (Siemeans/m)

i

h = 1.48028171e+000 CTCOT =
1 - -2_30BBE0O01E2-003
i - 2.447998472-004
BATHTEMP BATH SAL BATHCOND
(ITS-00) (PSU)  (Siemensim) (kHz)
0. 000D o.oooo 0.o0ooo 2.69407
-1.0000 24 .7195 2.79750 5.12155
1. 0000 34.718989 2.96851 5.23349
15. 0000 34.7191 4.26095 6.01210
18.5000 34 .7182 d_G0ETE 6.20374
29. 0000 34.7183 S5.6B764 6E.TET4D
32.5001 34 .7064 6.05900 §.95053

f=INSTFREQ/ 1000
Conductivity = (g+ h* f+i* £ +j* ) /{1 +5*1 +e*p) Siemens/ meter
t = temperaiur ¢ °C)]; p = pressure] decibars]; & = CTeor; £ = CPeor;
Residual = instrument condwctivity - bath conductivity

2
2
4.
4
5
&

-ooopoD
79750
-96851
26096
-6D6TE
-BBTEL
05902

Residual, (S/m)
=
i

-ﬂﬂm—l'rﬂ-rﬂ' [T

0

1

2

TOETTryr77IrT 'i_T_I_T_I'_l_I' T_FT_l_'I_I' 1 r-

3 4 ]

Conductivity, Siemensim

0.ooooo0
-0.00000
0.o0ooo0
0.0o0001
0.oooo0
-0.00002
0.ooooz2

Date, Slope Cormaclion

——————————————————————— ® 07-May-13 0.9999930

& 01-Apr-14 1.0000000

|
7
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ARSV Laurence M. Gould

Secondary Conductivity (cast 02 —)

SENSOR SERIAL NUMBER: 2048

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: D8-May-14

COEFFICIENTS:

g = -1.02938431e+001
h - 1.430893292+000
1 = -4.B6502571e-003
i - 5.61716B8562-004

BATH TEMFP

{ITS-80)
0. 000D
-1.0000
1. 0000
15. 0000
18.5000
29. 0000
32.5000

BATH SAL

(=10

o
34
24
a4
24
24
34

slilili]
5447
-BAEE
5459
5452
5434
5376

f=INST FREQ / 1600.0
Conductivity = (g+h* £+i* £ +j * £/ (1 +5 * t + £ * p) Siemens / meter

t = temperatur e]°C)]; p = pressme[decibars]; § =CTcor =

SBE 4 CONDUCTIVITY CALIBRATION DATA
PS5 1978: C(35,15,0) = 4.2014 Siemens/metar

CPCOr = -9.5700e-008 (nominall

CTcor = 3.25008-006 (nominall
BATH COND INSTFREQ INST COND RESIDUAL
[Siemens/m) (kH=z) (Siemens/m) (Siemens/m)
o.ooooo 2.69145 0.ooDDD 0.o0oooo0
2.78473 5.18168 2.78475 0.oo0oz2
2.95502 5.23584 2.9E500 -0.00002
4.24194 6.08875 4.24183 -0.00001
4.58627 §.28358 4.58627 -0. 00000
5.66263 &.85599 E.EE2EE 0.o0o0o32
G.03286 T.04173 6.032B4 -0.o00002

Fesidual = nstrument conductivity - bath comdnctivity

%

Residual, (S/m)

-ﬂ-m-"f—l'rﬂ-r-r joTTT

e e e e - —

2

3

Date, Slope Comection

——————————————————————— ® 31-Jan-120.9999993

& 05-May-14 1.0000000

4
Conductivity, Siemens/m

_l_T_I_T 'I’l_I_T'I' T 'l_T_I_T_I'_l_I' T_FT_l_'I_I' 1 r-

i

I
[
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Data Report for LMG1504 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: 081 SBE 432 OXYGEN CALIBRATION DATA
CALIBRATION DATE: 11-Jul-14

COEFFICIENTS: A =-3.7765e-003 MNOMIMNAL DYNAMIC COEFFICIENTS
Soc = 0.5245 B = 1.5612=-004 D1 = 1.92634=4 H1 = -3.300000e-2
Voffset =-0.5178 C =-2.3847=006 D2 = -4.64803=-2 H2 = 5.00000e+3
Tau2d =108 E nomimal = 0.036 H3 = 1.45000=+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
(ml) (ITS-20) (PSU)}  OUTPUT (WOLTS) OXYGEM (milf) {mliT)
1.30 &0 0.0Q m.807 1.30 -0.00
1.30 12.00 0.00 0.855 1.30 -0.00
1.30 20.00 0.00 0.320 1.30 -0.00
1.30 Z.00 0.0Q o.TTE 1.30 a.00
1.32 26.00 0.00 0.975 1.31 -0.00
1.32 3000 0.00 1.012 1.32 -0.00
4.03 &0 0.0Q 1.417 4.03 a.00
4.04 1z.00 0.0Q 1.566 4.03 -0.00
4.04 2.00 0.00 1.320 4.05 0.00
4.04 20.00 0.00 1.765 4.04 -0.00
4.07 26.00 0.0Q 1.932 4.06 -0.01
4.08 I0.00 0.00 Z.045 4.08 0.00
E.78 £.00 0.00 T.02E &.78 -0.00
E.79 1z.00 0.0Q Z.zaz &.T79 a.00
E.8D Z.00 0.0Q 1.867 &.ED -0.00
£.83 20.00 0.00 T.632 &.83 0.00
E.84 2600 0.00 z.835 &.85 0.00
E.BE I30.00 0.0Q 3.086 &.BE -0.00
ﬂx}-gmcmlﬂ,)=5u'(\'+1‘nﬂ3e¢‘{l.ﬂ+A'T+B‘TE+C‘T’}'D:SDKT,S)'@[E'P.-'EJ
W= voltage ouiput from SBE43, T = temperature [deg C], 5 = salinity [PSU], K = temperamre [deg K]
OmS50l(T,5) = oxypen samration [mlT], P = pressure [dbar]
Fesidual = instrument oxygen - bath oxygen
Date, Slope (ml1)
0.2—————- t--=-—— F————g- === 1--—-—= F----—F—-—--- @ 11-Ju-i4 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
- i i i i i i i i i
0a=—mm- s s S S e
_ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
g - 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 i
T 0---oo- R e T R
3 - : : : | | : : :
-= - 1 1 1 1 1 1 1 1 1
T _ I I I I 1 1 I I I
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
OA——--—- P----- R e e e 1----- F-==-—=—---
- 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
-ﬂ.2—l-|-|—rr]"'r'r-l-u—i-rrT-l-i-u-u-rr'i'-r'r-rri-rT'r-l-i-rrrr"[-l-u-rri-r'r1-|—i-rr1"r'|
o 1 2 ] 4 ] <] T B 9 10
Cxygen (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: 0200 SBE 432 OXYGEN CALIBRATION DATA
CALIBRATION DATE: 08-Apr-14

COEFFICIENTS: A=-43511=-003 MNOMIMNAL DYNAMIC COEFFICIENTS
Soc= 04796 B = 2.4468=-004 D1 = 1.92634=4 H1 = -3.300000e-2
Voffset =-0.5032 C =-3.6887=006 D2 = -4.64803=-2 H2 = 5.00000e+3
Tau2l =141 E nomimal = 0.036 H3 = 1.45000=+3
BATHOX BATHTEMP BATHSAL INSTRUMENT INSTRUMENT RESIDUAL
(ml) (ITS-20) (PSU)}  OUTPUT (WOLTS) OXYGEM (milf) {mliT)
1.27 .00 0.00 0.777 1.26 -0.00
1.27 £.00 0.00 0.813 1.27 -0.00
1.27 1z.00 0.00 0.8E3 1.27 -0.00
1.28 20.00 0.00 0.3934 1.28 0.00
1.28 26.00 0.00 0,985 1.28 0.00
1.31 3000 0.00 1.027 1.32 0.00
4.00 2600 0.00 1.332 4.00 -0.00
4.01 20.00 0.00 1.843 4.0 -0.00
4.01 £.00 0.00 1.482 4.0 -0.00
4.03 1z.00 0.00 1.643 4.03 -0.00
4.04 .00 0.00 1.381 4.04 0.00
4.04 I0.00 0.00 2,115 4.05 0.00
E.72 3000 0.00 31.177 E.T1 -0.00
6.72 2600 0.00 3.006 6.73 0.00
E.74 1z2.00 0.00 z.411 6.74 0.00
E.75 20.00 0.00 Z.T56 .74 -0.00
E.76 .00 0.00 1.971 E.76 -0.00
£.82 £.00 0.00 2.165 &.82 0.00
ﬂx}-gmcmlﬂ,)=5nc'(\'+1‘nﬂ3e¢‘{l.ﬂ+A'T+B‘TE+C‘T’}'D:SDIT,S)'@[E'PIE;
W= voltage ouiput from SBE43, T = temperature [deg C], 5 = salinity [PSU], K = temperamre [deg K]
OmS50l(T,5) = oxypen samration [mlT], P = pressure [dbar]
PResidual = instrument oxygen - bath oxygen
Date, Slope (ml1)
[ s e e - r--=-=- -———— @ 08-Apr-i14 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
- i i i i i i i i i
s B S e s
_ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
g - 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 i
LIRS i e s R s
3 - : : | : : : : :
-= - 1 1 1 1 1 1 1 1 1
T _ I I I 1 I I I I I
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
s T s
- 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
-0.2—I-rrT-r-'[-|-|-rri'T-r-l—n—i-rrr'r-i-n-rri'T'l'|-|—i-rr'r'r'i-u-rrri'T'l-u-u-'-rrT-r-l
o 1 2 3 4 3 & T 8 9 10

Cxygen (mi)
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Data Report for LMG1504 ARSV Laurence M. Gould

Fluorometer

PO Box 518 (541) B28-5650

Zite,  WET@)Labs e
ECO Chlorophyll Fluorometer Characterization Sheet

Date: 41472014 SiN: FLRTD-299

Chlorophyll concentration expressed in pof can be dernived using the equation:
CHL (pgil) = Scale Factor * (Output - Dark Counts)

Analog

Analog Analog Ranged

Range1 Range2 (default) Digital
Dark Counts 0.088 005 0033V 70 counts
Scale Factor (SF) & 13 26 pglv 0.0078 pgicount
Maximum Output 408 4.08 408V 18330 counts
Resolution 0.5 05 0.5 mv 1.0 counts
Ambient temperature during characterization 223°C

Analog Range: 1 (most sensitive, 04,000 counts), 2 (midrange. 0-8,000 counts), 4 (enfre range, 018,000 counts).
Dark Counts: Signal cutput of the meter in clean water with black tape over detechor.

5F: Determined using the following equation: SF = x + (oufput - dark counis). whene x is the concentraion of the
solution used during instrument characterization. 5F is used to derive instrument output concentration from the raw
signal output of the fluorometer.

Maxtimum Output: Maximum signal output the fluorometer is capable of.

Resolution: Standand deviation of 1 minute of collected data.

The relationship between fuorescence and chioropiyil-a concenirations in-stu s highly varabée. The scale factor ksted on this
document was delermined using a mono-cufiure of phytoplankion (Thalassiosia walssiogh ). The population was assumed to be
reasonably healthy and the concentration was determined by using the absorption method. To accurately determine

concentration using a fuormmeter, you must perform secondary measurements on the populations of Imtenest. This 1s typically done
using extraction-based measurement techniques on discrete samples. For additional Imfamation on detemining chioropdyll
concentration see “Standand Methods for the Examination of Water and Wasiewater” pant 10200 H, published joirtly by the American
Public Health Association, American Water Works Association, and the Wabsr Emironment Federation.

FLRTD-288.xds Revision J anvnoe
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Transmissometer

PO Bm 518 {541) 820-5650

Do WETéLabs s

C-Star Calibration

Date B8.8.14 SiME C5T-5530R Pathlength 25cm
Analog output

¥V 0057V

Ve A TETV

Vo 4682V

Temperature of calibration water 234°C

Ambient temperature during calibration 215 °C

Relationship of transmittance (Tr) to beam attenuation coefficient (c). and pathlength (x. in meters) Tr=8™"
To determine beam transmittance: Tr = (Waig - V) 1 (Ve - Vs

T determine beam attenuation coefficient ¢ = -1/x * In (Tr)

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

Ve  Meter output in ar with a clear beam path.

Vot Meter output with clean water in the path.

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

Vis  Measwed signal cutput of meter.

Revision M TREM1
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PAR

Biospherical Instruments Inc
CALIBRATION CERTIFICATE

UMBERWATER PAR SENZOR WITH LOG AMPLIFIER

Calibration Date: 0808714 Job Mo R11986
Maodal Number: QSP200L
Serlal Number: 4744
Opergtor: TR
Standarnd Lamp: W-Caaja 2]
Operating Voltage Range: 6 to 15 VO [+)

Mote: The QSP200L uses & log amplifier to measure the detecior signal current with W = log | (Amps) § IRaf
To calculate radiance. use this forrmula:

I Trradiance = Caliorailon factor © (107 Light Signal voltags - 107 Dark Voltage) | H
Wik the apprepriate (solar eomacted) Iradisnce Calioration Factor
Dry Calibration Factor:] 2.64E+12 | quantafem™ seci amps” 4.30E-05 [pEinsteins/cme-ac! amps"
Wet Callbratlon Fackor:| 4.87E+13 [quantalemd saci"amps" T.7EE-05 |pEinsieins/cm™ sec!"amps”
Sensor Test Data and Results™
Sensor Supply Current Darky | 823 Tma
Zupply Yaltaga: [ alts :
Lanip Integraied PAR Irradiancs: §.34E+15 pquantalom” -sac 00631 |uEinstainsfcrmizan
5C3 Immersion Caefficient, 05554 Sralar Gorrectan: 1 PAR Solar Gorackion.] 1 .Co0d
Meazured Estimated  Cals. ' leetirad.
Momnal Caliorsted  Sensar  Measunsd Signal Slgnal  Owlput Errar {Ruantar
Fibgr OO Trans  Voltage  Trars, iAmps]  (Amps)  Maksl Dolts) Eror (%) o’ -sag)
Me Fiter | 100.00%: 2580 100 CE% J.505E-08 | 3.50E-06 852 .00z 0.0 9.3dE+15
1.3 26 10% 114 3807 1.29E-08 | 1.25E-06 2173 -0.001 4.7 S 40E+13
a8 27 B% 125D 27815 98708 | O.T9E-CD 1.9%8 -0 .8 ZB0E+15
1 E.27% 1847 S 54% 3.38E-08 | 3.29E-09 1.937 -0.010 -2.8 a.81=+14
2 1141% A FED 1.15% LA3E-1) | 3HMEA1D| GTI8 -0.014 -6 1.09E-14
3 G.08% d254 C.03%: 284E-11 | 1.B9E-11 | C.231 -0 023 -33.3 TABE+12§
Dar's Befara: 078 Wolts
Lgiht - Ma Filbar Hide: 2550 woits Iz = 1.00E-10 Amps
D=tk After- MFH ™ 0748l Walts lpes = T.97E 10 Amps RETAD o197
Average Dak . 0180 Valts 10" =" 51192 Amps

[{E=EER
1. Rarualzalibezrian & raoomrendesd.

i Tagooliesha should fo deaned syuently with alcohal.
4] Tis aecion & o7 iabemal ase ard far more zdvansed enalysls.

QSF2000 -C5P23500 (42013 als
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Acquisition and Processing Information

Processing Specifics

Refer to the InstCoef.txt file along with the specific instrument calibration sheets, both located in the Cal/
directory of the data distribution, for information on how the RVDAS data was collected and processed.

Significant Notes

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.
(i.e, The PCO2 system was turned off for the troubleshooting and repairs of the equilibrator pump.)

Day Of Year | Time (GMT) Event Location

098 06:47 Begin Data Collection @68W

099 00:11 ADCP Bottom Tracking off Off the shelf

101 11:30 ADCP Bottom Tracking on On Shelf

101 16:28 02 weekly maintenance

102 13:22 Suspend Seawater and Sonar Arrive Palmer Station

104 12:11 Resume Seawater and Sonar Depart Palmer Station
108 12:42 Suspend Seawater and Sonar Arrive Palmer Station

109 12:41 Resume Seawater and Sonar Depart Palmer Station
109 12:48 02 weekly maintenance

110 16:05 ADCP Bottom Tracking off

115 13:55 02 weekly maintenance

116 16:35 Suspend Seawater and Sonar Arrive Palmer Station

120 12:20 Resume Seawater and Sonar Depart Palmer Station
124 12:27 Suspend Seawater and Sonar Arrive Palmer Station

127 12:27 Resume Seawater and Sonar Depart Palmer Station
129 15:33 02 weekly maintenance

130 12:41 ADCP Bottom Tracking On Patagonian shelf

131 01:53 End data collection @68W
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