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Data Report for LMG1110 Bucklin/Warren 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. It also
contains important information that may affect how this data is processed such as instrument failures or
other known problems with acquisition.

The data collected during this cruise is distributed on a CD-ROM written in ISO9660 level-1 format. This
data format has very strict requirements on filenames and organization. However, it is readable by
virtually every computing platform.

All of the data has been archived with the Unix “tar” command and/or compressed using Unix “gzip”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.

Raytheon Polar Services 1 United States Antarctic Program
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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

Raytheon Polar Services 2 United States Antarctic Program
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ARSV Laurence M. Gould

CD Directory Structure

ADCP:
ADCP.tar

Cal:
InstCoef.txt

CTD:
Ctd.tar

Imagery:
Imag.tar

Maps:

Process:
JGOF.tar
PCO2.tar
PROC.tar
QC.tar

Report:
Report.doc

RVDAS:
nav/
uw/

Salinity:
Logsheet.pdf
Salts.xls

Science:
Utility:
Acrobat
Winzip

XBT:
Xbt.tar

XCTD:
Xctd.tar

Raytheon Polar Services
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

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.ixt file along with the specific instrument calibration sheets, both located in this
directory, 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.

Data and Science Report

/Report/
Copies of this report in MS Word, HTML, and text formats.

XBT

/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.

XCTD
/XCTD/

Contains binary and ascii data files as generated by standard Sippican MK-21 software.

Logsheets

/logsheet/

This directory contains logsheets for XBT, XCTD, air samples and TCO2 data. For further information on
this data (TCOZ2), contact Tim Newberger at tnewberg @ldeo.columbia.edu.

Raytheon Polar Services 4 United States Antarctic Program
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Salts
/Salinity/

This directory contains the log sheet for the Salt sample take during the Drake Transect Sampling, also a
spreadsheet containing the Salt sample and TSG comparison. These samples were analyzed with the
onboard AutoSal by the MST.

Science

/Science/

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

Maps
/Maps/

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.

QC Plots
/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.

Raytheon Polar Services 5 United States Antarctic Program
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JGOFS Data Set
IJGOF/

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/meters” 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 Y%

18 Barometric pressure mBars

19 Sea surface fluorometry volts (0-5 FSO)

20 Not used -

21 PSP W/m®

22 PIR W/m®

TSG Data files

[TSG/tsgfl

RVDAS processes the Itsg.d### file, using the Seabird calibration. It produces a daily tsgfl.d### file with
the below fields.

04+321:00:01:23.978 -00.070 -00.089 02.8042 33.75690 0.471306 4.341880

Field |Data Units
1 RVDAS Time Tag

2 Internal water temperature °C

3 External water temperature °C

4 Conductivity S/lcm
5 Salinity PSU

Raytheon Polar Services 6 United States Antarctic Program
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ARSV Laurence M. Gould

Field

Data

Units

6

Transmissometer signal

Volts

Raytheon Polar Services
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

RVDAS
/RVDAS/

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 and Light Data

Measurement File ID Collect. Status | Rate Instrument

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

PAR, Imwx continuous 1 sec BSI QSR-240

(Photosynthetically-
Available Radiation)

Barometer Imwx continuous 1 sec R. M. young 61201
GUVv Iguv continuous 1 sec GUV2511

PIR (LW radiation) Imwx continuous 1 sec Eppley PIR

PSP (SW radiation) Imwx continuous 1 sec Eppley PSP

Port Ultrasonic Wind Imwx continuous 1 sec Gill Wind Observer Il
Speed/Direction

Navigational Data

Measurement File ID Collect. Status | Rate Instrument

Trimble GPS tgps civilian mode 1 sec Trimble 20636-00SM
Gyro Igyr continuous 0.2 sec Anschutz Gyro
Garmin GPS Igar continuous 1 sec Garmin 17

Seapath GPS Lsep Continuous 1 sec Seapath 330
Geophysical Data

Measurement File ID Collect. Status | Rate Instrument
Bathymetry Iknu variable Varies Knudsen 320B/R
DUSH 11 Winch lwn1 variable varies Markey DUSH 11
DUSH 5 Winch lwn1 variable varies Markey DUSH 5
DUSH 4 Winch lwn1 variable varies Markey DUSH 4

Oceanographic Data

Measurement File ID Collect. Status | Rate Instrument
Salinity utsg continuous 1 sec SeaBird 45

Sea Surface Lrtm continuous 1 sec SeaBird 38
Temperature

Fluorometry (digital) Iflr continuous 1 sec Turner 10-AU-005
Fluorometry (digital) Idflr 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

Raytheon Polar Services 8 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: LMGJFilelD].dDDD.

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

Underway Data File ID Navigation Data File ID
Meteorological - Cambell Imwx Gyro Compass Igyr
Knudsen Iknu P-CODE GPS tgps
microTSG utsg Garmin 17 GPS lgar
Digital Remote Temperature | Irtm Seapath 330 GPS Isep
Fluorometer — Wetlab ECO Idfl

ADCP ladc

Sound Velocity Probe Isvp

GUV & PUV Iguv

PCO2 System Ipco

Oxygen loxy

Wet Wall Flows Isea

Winches: Dush4,5,&11 Iwn1

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 fields separations are clearly understood. An example data

Iknu — Knudsen Sonar

08+024:07:36:36.245 HF,00.00, 000,0,LF,448.9,-026,1

Field |Data Units
RVDAS Time Tag

HF — high frequency header (12 kHz)
HF - depth to surface meters
HF - Echo Strength

HF — Depth Valid Flag

LF — low frequency header (3.5 kHz)
LF - depth to surface meters
LF - Echo Strength
LF — Depth Valid Flag

OO N0~ [WIN|—
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ARSV Laurence M. Gould

Inds — Net Depth Sensor

99+099:00:18:19.775 V01 00199.8

Field |Data Units
1 RVDAS Time Tag

2 V01 — Sensor 1 label

3 Depth meters
Ilwn1 - 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

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

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

Field |Data Units
1 RVDAS Time Tag

2 SUS tag — Starboard 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

1

0 Check Sum

Raytheon Polar Services 10
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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 Y%

5 Air Temp °C

6 Air Relative Humidity Y%

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

11 PIR Dome Temperature °K

12 Barometer mBars

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

Idflr — 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 A

6 Counts — Chlorophyll Signal Count

7 Thermistor

Raytheon Polar Services
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ARSV Laurence M. Gould

loxy - Oxygen

For further information on this data, contact Tim Newberger at tnewberg @Ideo.columbia.edu

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

83.48 Temperature: -1.35 DPhase: 33.41 BPhase: 32.22
RPhase: 0.00 BAmMp: 262.09 BPot: 163.00 RAmMp :

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 tnewberg@Ideo.columbia.edu

02+319:23:59:13.748 2002319.99851 7154.27 26.49 1033.6 325.79 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 VCO2 mL

7 Equilibrator temperature °C

8 PCO2 millibars

9 Gas flow mL/min

10 |Solenoid position ID number

11 Valve Position ID number

12 |Measured gas name

Raytheon Polar Services 12 United States Antarctic Program
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Lguv - Biospherical GUV

08+037:14:17:59.211 020608 141758 -.000099 1.307E0 7.24E0 1.316E1 2.609E1 3.285E1 3.505E1 8.075E-

2 38.993 17.985

GUV only GUV and PUV
Field | Data Units Field | Data Units
1 RVDAS Time Tag 1 RVDAS Time Tag
2 GUV Computer Date mmddyy 2 GUV Computer Date mmddyy
3 GUV Computer Time hhmmss 3 GUV Computer Time hhmmss
4 | EJOGnd - GUV Volts 4 EdZGnd -PUV Volts
5 | EJ0305 - GUV HW/cmnm 5 EdZ305 -PUV HW/cmnm
6 | EJ0313 - GUV HW/cmnm 6 EdZ313 -PUV HW/cmnm
7 | Ed0320 - GUV HW/cm“nm 7 | EdZ320 -PUV HW/cm“nm
8 | EJ0340 - GUV HW/cmnm 8 EdZ395 -PUV HW/cmnm
9 | EJ0380 - GUV HW/cmnm 9 EdZ340 -PUV HW/cmnm
10 | EJ0395 - GUV HW/cm°nm 10 | EdZPAR -PUV HE/cm®sec
11 | EJOPAR - GUV WE/cm®sec 11 | LuZChl -PUV WE/srm°sec
12 EdOTemp - GUV °C 12 EdZ380 -PUV HW/cm“nm
13 EdOVIn Volts 13 WTemp -PUV °C
14 Depth -PUV m
15 EdZTemp -PUV °C
16 LuZTemp -PUV °C
17 Tilt -PUV Degrees
18 Roll -PUV Degrees
19 | EdOGnd - GUV Volts
20 | Ed0305 - GUV HW/cmnm
21 | Ed0313 - GUV HW/cmnm
22 | Ed0320 - GUV HW/cm°nm
23 | Ed0340 - GUV HW/cmnm
24 | Ed0380 - GUV HW/cm°nm
25 | Ed0395 - GUV HW/cm°nm
26 | EJdOPAR - GUV WE/cm®sec
27 EdOTemp - GUV °C
28 EdOVIn Volts

Raytheon Polar Services
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Data Report for LMG1110 Bucklin/Warren

ARSV Laurence M. Gould

Isvp - Sound Velocity Probe in ADCP Transducer Well

00+348:01:59:52.128 1539.40

Field |Data Units
1 RVDAS Time Tag

2 Sound velocity m/s
ladc — ADCP Speed Log

00+019:23:59:59.099 S$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 Iayer1 velocityz, East vector knots
5 Ship Speed relative to reference Iayer1 velocityz, 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
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+315:23:59:58.194 SPASVW,00.1,A*1D
02+315:23:59:58.414 SIIVHW,287.7,T,,M,,N,, K*71
02+315:23:59:58.616 SHEHDT,287.7,T*25
02+315:23:59:58.821 SHEROT, 001.6,A*2C

02+315:23:59:58.984 SHCHDT,,T*07

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

ROT: Rate of Turn

01+083:00:00:03.093 SHEROT,-006.3,A*03

Field |Data Units

1 RVDAS Time Tag $HEROT

2 Rate of turn degrees/min
3 Status: A = data valid, checksum

Raytheon Polar Services 14
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

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,S,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 {NIS} (latitude is north or south)
5 Longitude in degrees with decimal minutes ddmm.mmm
6 {EIW} (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
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Data Report for LMG1110 Bucklin/Warren

ARSV Laurence M. Gould

Field |Data Units
13 Mode Indicator E= Estimated Mode
14  |*Check sum
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 SGPGGA,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
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
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'Geoidal Separation: the difference between the WGS-84 earth ellipsoid and mean-sea-level (geoid). A
negative value represents mean-sea-level below ellipsoid.
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GLL: Geographic Position — Latitiude/Logitude
08+034:12:26:06.211 SGPGLL,6446.4733,S,06403.4455,W,122607,A

Field |Data Units

RVDAS Time Tag

$GPGLL Tag

Latitude ddmm.mmm

North (N) or South (S)

Logitude ddmm.mmm

East (E) or West (W)

UTC of position hhmmss.ss

OIN|O|O |~ (W=

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

1 RVDAS Time Tag

2 $GPVTG Tag

3 Track, degrees true degrees
3 T flag for True

4 Track, degrees magnetic degrees
5 M flag for Magnetic

6 Speed over Ground knots

7 N flag for Knots

8 Speed over Ground kmhr

9 K flag for km/hr

tgps — Trimble Centurion GPS

GGA: Global Positioning Fix Data
08+034:12:26:06.131 SGPGGA,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
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 1D

'Geoidal Separation: the difference between the WGS-84 earth ellipsoid and mean-sea-level (geoid). A
negative value represents mean-sea-level below ellipsoid.
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ARSV Laurence M. Gould

GLL: Geographic Position — Latitiude/Logitude
08+034:12:26:06.211 SGPGLL,6446.4733,S,06403.4455,W,122607,A

Field |Data Units

1 RVDAS Time Tag

2 $GPGLL Tag

3 Latitude ddmm.mmm
4 North (N) or South (S)

5 Logitude ddmm.mmm
6 East (E) or West (W)

7 UTC of position hhmmss.ss
8 Status: A = Data Valid, V =Data Not Valid

VTG: Track Made Good and Speed over Ground

08+034:12:26:06.211 S$GPVTG,167,T,151,M,000.0,N,0000.0,K

Field |Data Units

1 RVDAS Time Tag

2 $GPVTG Tag

3 Track, degrees true degrees

3 T flag for True

4 Track, degrees magnetic degrees

5 M flag for Magnetic

6 Speed over Ground knots

7 N flag for Knots

8 Speed over Ground kmhr

9 K flag for km/hr

RMC: Recommended Minimum Specific GNSS Data

08+034:13:17:26.627 SGPRMC, 131726.605,A,6446.4820,S,06403.3075,W,000.0,094.4,030208,16.3,E

Field |Data Units

1 RVDAS Time Tag

2 $GPRMC 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

Raytheon Polar Services 19

United States Antarctic Program




Data Report for LMG1110 Bucklin/Warren

ARSV Laurence M. Gould

LMG Sensors

Shipboard Sensors

Sensor Description Serial # Cal. Date Status
Port Anemometer Gill Ultrasonic Wind Observer Il | 840019 N/A Collected
Starboard Anemometer Gill Ultrasonic Wind Observer Il | 71738 N/A Collected
Barometer R.M. Young 61201 BP0873 28-Jul-2010 Collected
Humidity/Wet Temp RM Young 41372LC 06720 11-Feb-2010 | collected
PAR for Mast Biosph. Inst. QSR-240P 6393 31-Aug-2010 | gollected
PIR Eppley PIR 28903F3 13-Oct-2010 Collected
PSP Eppley PSP 28933F3 9-Sept-2010 Collected
GUV (Mast) Biosph. Inst. GUV-2511 25110805127 17-May-2010 | collected
Transmissometer WET Labs C-Star 25 cm deep CST-553DR 26-Aug-2010 | collected
MicroTSG Sea-Bird 45 243 21-Jul-2010 Collected
Digital Remote Temp Sea-Bird 38 324 26-Jan-2010 Collected
Fluorometer WET Labs ECO-FL FLRTD-399 15-Sep-09 Collected
CTD Sensors

Sensor Description Serial # Cal. Date Status
CTD Fish Seabird SBE9PIlus 0232 01-Apr-10 Collected
Primary Temperature Seabird SBE3 2470 28-Apr-11 Collected
Secondary Temperature Seabird SBE3 2205 28-Apr-10 Collected
Primary Conductivity Seabird SBE4 2048 01-Apr-11 Collected
Secondary Conductivity Seabird SBE4 2065 21-Apr-10 Collected
Primary Dissolved Collected
Oxygen Seabird SBE43 0182 03-May-11

Secondary Dissolved Collected
Oxygen Seabird SBE43 0201 06-Jul-11

Fluorometer Wet Labs ECO FLRTD-1735 14-Apr-11 Collected
PAR Biosph. Inst. QSP-2300 4722 19-May-10 Collected
Transmissometer Wet Labs C-Star CST-406DR 22-Mar-11 Collected
MOCNESS Sensors

Sensor Description Serial # Cal. Date Status
Pressure MOCNESS Depth Sensor 156 N/A Collected
Temperature Seabird SBE3 1619 20-Mar-09 Collected
Conductivity Seabird SBE4 2293 04-Mar-11 Collected
Transmissometer Wet Labs C-Star CST-407DR 22-Mar-11 Collected
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Underway Calibration Sheets

Note: Embedded pdf files can be opened with a right-click, Acrobat Document Object, Open

Remote Temperature

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA
Phana: {425} 543 - 9866 Fax (425) 643 - 9954 Email: saal:i'd@saal:ird.mm

SENSOR SFRTAT. NTIWMRER: (0G24
CALIBRATION DATE: 26-Tan-10

ITS-90 COEFFICIENTS

al = -2.12621%&-005

al = 2_.756564e-004

a2 = =2_490794e-006

ai = 1.524467e-007

EATH TEMP INSTRUMENT
{ITS-90 OUTFUT
-1.50010 B95419.1
0.99950 TO9B44B. 4
4.50000 BEEZ05B.1
7.99980 SB45EB. 4
1149980 S02E33.3
15._00000 433539_8
18.50000 3750B3.6
2200000 325471.2
25.50000 2B3232.8
30.oo0o0o0 237B50.6
32_50000 2162797.2

SEE 3% TEMPER ATIRE CALIBRATION DATA

ITS-90 TEMPERATURE SCALE

INST TEMP RESIDITAL
ITS-90 (IT5-900
-1.50002 0.00008
0.99984 -0.00006
4.49983 -0.00017
7.88987 0.00007
11.50003% 0.00013%
15.00002 0.00002
18.50001 0.00001
21.59994 -0.00006
25.49995 -0.00005
29_99998 -0.00002
32.50005 0.00005

Temperature ITS-90 = 1/ al + al[in{n)] + al[.rn!{n)] + aﬂ[hj{n)]} = 27315 (*C)

Residual = instrument temperature - bath tempe ratone

Dvate, Delia T (mdeg C)

0.02 Euwmm 0.04
26-Jan-10  0.00
0.m
5}
w
[+1]
@
E
o
w
&
-0.01
_0.02 1 111 1 111 1 111 1 111 1 111 1111 | 1111
-5 0 5 10 15 20 25 a0 as

Temperature, Degreas C
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Thermosalinograph

SEA-BIRD ELECTRONICS, INC.
13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA

Phone: (425) 643 - 9866 Fax (425) 643 - 92354 Email: seabird@seabird com

SENSOR SFRTAT. NTTMRER: (243
CALIBRATION DATE: 21- Jul- 1

COEFFICIENTS:
g = -1.008835e+000
h = 1.573683«-001

=

= —3.239483e-004

SBE 45 CONDICTIVITY CALIERATION DATA
PSS 1978: C(35,15,0) = 42914 Siemens/meter

CPoor = —-9.53700e-008

CToor =
WEBOTC =

3.2500e-006
1.1173e-006

d = 5.1189501e-0035
BATHTEMF BATHSAL BATHCOND INSTFREQ INSTCOND — RESMTIAL
{TTS-20) (P81 { Siemens/m) {Hz) (Siemensim)  (Siemensim)
22 .0000 o.oooog go.ooooo 2535.87 o.ooooo 0o.o0o0o000
1.0000 34.9328 2.984897 S5043.04 2.98496 -0.00001
4_4999 34.9132 3.28285 5233.27 3.29297 0.000o01
15.0000 34.8700 4.27750 5798.83 4.27750 -0.0000o0
18.5000 34.8603 4.62357 S984_EBR 4.62357 —0.00000
23.9999 34.8483 5.18298 6273.11 5.182499 o.0o0o001
29._.0000 34.8428 5.70617 6531.01 5.70615 -0.00002
32.5000 34.8381 6.079368 6708.74 6.07937 0.00001
f= INSTFREQ * sqrif 1.0 + WBOTC * g/ 1000.0
Conductvity = (g + hf” +if” + "1/ {1 + §t + £p) Siemensimeer
t = temperature [*C)]; p = presure[decibars];, § = CTeor, € = CPeor;
Residual = instrument condwctivity - bath conductivity
Date, Slope Comection
0.006 21-Apr-08 0.9901730
21-Jul-10 1.0000000
0.003 /
E
Ei Hf’;ffﬁf
T 0.000 " b A
=
=]
w
=2}
o
-0.003
-0.006 1111 1111 1111 1111 1111 1111 1111
0 1 2 3 4 5 6 7
Conductivity (Siemens/m}
Raytheon Polar Services 22 United States Antarctic Program



Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Transmissometer

PO Box 513 {541) 020-6650

620 Applegate 5t Fax {541) B20-5277

Philomath, OR. 07370 W E I L a bs www.wetlabs.com
C-Star Calibration

Date _August 26, 2010 S CST-A530R Pathlength 25 cm

Analog meter

Va 0.058 ¥

Var AT82 W

V. A4BET ¥

Temperature of calibrafion water 2489 *C

Ambient tanErEthre du'iﬁ calibration 236 *C

Relationship of transmittance (Tr) to beam attenuation coefficient (2), and pathlength (x, in meters): Tr= ™
To determine beam transmittance: Tr = (Veg - Vaan) § (Vrer - Voas)

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

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

Var Meter output in air with a clear beam path.

Visi Meter output with clean water in the path.

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

Vaig Measured signal output of meter.

Revision L s e lpje)
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Fluorometer

PO Box 518 (541) G29-5EE0

=i, WETE)Labs o e
ECO Chlorophyll Fluorometer Characterization Sheet

Date: 915/2009 S/MN: FLRTD-2322

Chilorophyll concentration expressed in ug can be derived using the equation:
CHL (pg/l) = Scale Factor * (Output - Dark Counts)

Analog

Analog Analeg Range 4

Range 1 Range 2 (default) Digital
Dark Counts 0.087 0.054 0033V 88 counts
Scala Factor (SF) ] 12 24 pghVv 0.007 4 pglfcount
Maximum Output 4.98 4.98 496V 18330 counts
Resolution o7 oF 0.7 mv 1.0 counts
Ambient temparature during charactarization 229 ¢

Amnalog Range: 1 (most sensitve, 0—4,000 counts), 2 (midrange, 0—8,000 counts), 4 (entire range, 0~16,000 counts).
Dark Counts: Signal cutput of the meter in clean water with black tape over detector.

5F: Detarmined using the following equation: SF = x + (output - dark counts), where x is the concantration of the
solution used during instrument characteriz ation. SF is used to derive instrument output concentration from the raw
signal output of the lucrometer.

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

The relaicnship batween Tuorescance and chiomopyl-a concanirations In-sid |s highly variable. The scals factor lisied on this
document was determined using & meno-culiure of phyloplankion | Thalasaiosis welzsliogh ). The population was assumed o be
reasonebly healthy and the concentration wea detemined by uaing iha abacrpiion method. To accurataly determine chiomophll
concaniration using a ucrometer, you must perfarm sscondary mMessurements on tha populations of Interest. This I8 typically dane
using exiraction-basad maasuramant tachniques on discrate samples. For addiional Information on determining chiaraptyl
concaniralion ses "Sandard Mathods for tha Examingtion of Water and Wesiewsier' parl 10200 H, published Jointty by the Amerizan
Public Haalth Asacciation, American Water Works Associaion, and ihe Water Ervironmant Fesleratin,

FLRTD-289 workbookj1 xls Revision J 3NMTioa
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PSP

THE EPPLEY LABORATORY, INC,

12 Sheffield Avenog, PO Bood 1%, Mewepon, Bhod e Jelud T3A 02840
Flhwene: AN AT G bygns 407 3471031 Lyzail: logleppielabocem

STANDARDIZATION OF
i EFPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP

Herial Mumlwr: 28931F3
Flesistanee:  fifh 41 al 2370
lemperanue Compensation Runge: 2244 T + 4090

This radiomeer tue boeon gompared with Standard Urecisicn Specteal Cyranameter, Seriul
Mumher M23FS i Eppley’s leprating  Elemisphere under  tadinlion  infensitics  of
approximatels T wiles mieter” rowshle ome bull o solar constant,

Asarosnlt of 4 sertes of comparizons, il b been und tr have 3 sensiiivily off
RO = 107 valis/watls metor

The calewraliom of W eonstant is based on the fict that the relmionship belwesn rudislion
intenstty and amf fs recrilincar to inensiCes o 1H9 walts mser”. This radiomeds i locar
within O30 wp e this olensity.

The calihrien of this instrament iz traccable w sandard sell-calibraling cavily pereliomsters
in terms ef thoe Eystems Internationale des TTriles {87 imdls), which pariicipated i tae Teach
Liteinational Pechelicmeric Compurizong (IPC' ) ar Daves, Switzerland In Seprember-
Cletobier 2005,

Copiey reconwnemcls o minrmion calibration oyele of five (3} wears bur encourapes anmuoal
ealibrations for adghest measurement accarney. [ nless otherwise gaied in fhe remarks seetion
balowe ar an the Sales (rder, e resolls are ©AS FOURD 7 AS LEFL®.

Tlaelul comeersiom faetgs ool em™ mia' = 6973 watts meter™
LB e — 32153 walls meler”

Bhipped wr Razgthensn Pl Services T of lear Szptomsher S, 2010
Mativnal 3enee Foundation

. e e
Pere Hoclesme, Ci Tn Churge ul Tusl: I{}f.{fﬁf e JM»{:}

.

3.0 N.urnb;:r: ISZT!JUH . _ —_— ‘ /
Lz Sepscimber 200 20740 Rueviewes] hy: .-” fm s ! \I| " ;,

Foemarks:
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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: 28903F3

Resistance: 674 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
23°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:

3.60 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: Raytheon Polar Services Date of Test: October 13, 2010
Port Hueneme, CA
In Charge of Test: @L&Z/ 9( /éZa %
S.O. Number: 62716 ' — -
Date: October 13, 2010 Reviewed by:™ 7 oucson :) -

Remarks: Instrument has new dome and element repainted. No “AS FOUND” data available.
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PAR

QA3RZ40R TRZ492

ARSV Laurence M. Gould

Riospherical Instruments Ine.

CALIBRATION CCRTINICA I £

Calibzlivn Dele 3112070

Mudul Murmnocr Q5R240

Berizl Nurmber (393

Opera.cr TPC

Standard Lamz G5 TUEHBEE

Praka Fxatation Yalizge 1Range: 6 w 10 VDCi+)
Octaut Mo arity: Fosilive

Prabe Concliticns at Calib-ationdin @i

Calinratinn Voltage: 6 VG-

Hrobe Current. 1.3 mA
Proks Duput Voltsge:

Piobe lurminated my

Probs Dark my

Mrobe Net Response my

R780 ey

Correcter | smp Qutaut:

Oatpul I 8ir (sama condilion as cal bration):

LALLM guenlalumfsce
0.0 £40 nFiam?aee
Calibratian Seale Factar:
T caloulale iradiancs, divide the ned voltags reading in Violfs by tiis value. )

Dry: 1.02I0E-17 Vigusntalcm?ses)
E2UG/L+C  Wiul'cm®sec)

Mzaes:

1. Al calBabo i resoennended,

2. Calibeabion b pen o wdng 2 Skekoe of Spectsl Imaniznrs iranashis 12108
FEevenalinsihita o7 Stardsrds ard Tasaralige (SI5TL

3 The collctor should se dzaied Toquan.y widi alashul.

4. Cdib-alizn vag perfonned wilk cusimer cakle, wien avilzb 2.
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Temperature/Relative Humidity

Meteorological Instruments > (C\)\\ \-‘:
-t W

YOUNG

Temperature Sensor Calibration Report

Customer: Raytheon Technical Services Co

Test Number: 44159 Customer PO: RM10889-50
Test Date: 15 Apri 2004 Sales Order: 7108

e
Maodel: 41372L.C Serial Number: 6720
Description: Temperature/Relative Humidity Sensor

Repaort of calbraban comparison of test temperature sensor with National Institute of Standards and
Technology traceable standard thermometers at three temperatures in the R.M. Young Company controled
temperature cakbration bath facilities. Calibration accuracy + 0.1° Celsius

Bath Current Indicated (1)
Temperature Output Temperature
degrees (millizmps) {degroes C)
-49.98 4.011 -49.93
0.03 12.006 0.04
4997 19.994 49.96
(1) Calculated from current output

All refarence equipment used in this calibraton procedure have been tested by comparison © traceabla
standards certifiad by the National Insfitute of Standards and Technology

Reference lnstrument Serial # NIST Test Reference
Brooklyn Thermometer Model 43-FC B00B-118 204365
Brooklyn Thermometer Model 22332-D5-FC 25071 249783
Brooklyn Thermometer Model 2X400-D7-FC 77532 228060
Keithley Multimeter Model 191 15232 234027

Tested By: LL’ )‘/f.d.:zié L(.»-'_‘_T

R.M. YOUNG COMPANY 2801 Aero Park Drive, Traverse City, Michigan 49686 USA
Tel: 231.945-2980 Fax: 211-846-4772 Email: met sales@youngusa.com
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Barometer
R.M. Youny, Cuorrepeny
2M Ao Parts Dispes
Traverss Cicy, Fichigan 49685 LS4
RS

CALIBRATION REFPOIT
Barametrlc Pressure Sensor

Crustomes: Raytheon Technical Sen:es Company LLC

Tes: Numbar: 07251 Cugtomer [ RRE2E3T-01
Test Date: 28 July 2013 Balos Oy 1325

Test Sansar:
Maceal: G1201 Sarial Wuma: BPSOET=
Dxsorigtion: Baromstric Pressu g Senzor

[egpraart af calibration cemparisen of &5t barometrie prezaure gensar with ational Institute of Standards and
Tochralegy treceabiz standard preasyre calibrator of five pressurcs inth B, Yourg Sompeny congolled
presgure faciliy. Callbralian sccuracy + 1.0 hPa.

Feferons: Volsge Indicated {1}

Prossune Cudpat Freasurs
thPa] [milivalts] ThiPz)
2000 o 0.0
ars.n 1261 0731
Qa0 2501 bs0.1
10250 AV40 10200
11400 4947 1059 3

11) Cateulaisd from votage output

All refarence equipment uzed in this Galibtation procedure heve been tesid by comperienn to traceah e
etaryiarnds e by e MNationsd Institute of Standards and Technology.

Reference Instrument Serizt MIST Test Refarance
Dinuck Pressure Cantooller Badael DPIE1S S 5004r AL | ak 02
Flukee Muliinrater Rodc! BOS08 486547 2R4027

Tastec By: .-EJ-

METEORODLOGTOCAL INSTRU ¢ MWMTS
Tel FRNRR0AD Tae 2 EGATTE bmat: nielsabesE yaungusa. oo Sami sourgusa, 2am

Raytheon Polar Services 29 United States Antarctic Program



ARSV Laurence M. Gould

Data Report for LMG1110 Bucklin/Warren

GUvV

Syrutern Berlal Nunber 20110808127 ' . Dake of Calibration Stimap
Callbration datsbaze R H0B0S 27 vl mdb Dabe of Certifiuate S0
DASSN o1 Standard of 3pectral [rradlanos GA1019(8M2608)

Mlzropraceganr Tay Murmber 2 Crperalor ™

Fospohalyiy  ScaleSrmall  Zcalehlediom  Scalelarge

PA P i el Wevelength  [Amps per [¥oltx per [odls par I'folis par  OMsetSmall Mselfal Offeet smge Measurwman
Cheareie|x Beddress [rum] pidiforfnmd}  piorénmil pbWlomim)] perfsmeonm)y [volts] 1 [wolix] podt=] Unita
=iz 2 HE 3,5700E-11 A, PFEaE-AE 1198811 AGEBEEA  -35200E-14 -5J300E04 S5V1DOEOS WU
Ediid 4] 3 1. TDJIE-10 1. 715505 3.07ES=03 TTERHRE-CD  1SL0ELd 240004 1UBTEd A et
EdiZin. 3 ax AEA44E 10 2. Be0dE-DE T.EITRZ 03 2AERTE-S0 - ALDIE-I4 -1 JBCOEA04 1. J100C-0d EominT)
Ed0a0 14 ) 1.4347E-10 15747 =-05 3.TaEBE13 ZDEFTE-CD 1.8IDDEO4  ZOBDOFO4 1 RTINS0 HW )
Eciiane 12 1| T.EREE1 T.ATAdE-DG 2.18{1E03 T4M1E- -« BR00E-24 -1 GSDOEA04 4 1000E-ES W emnr]
Ed 0N 13 ) A023CE10 A, DR E-DE A.0561E-02  3DE3IBE-CD - S600E-4 -1 S5DOE04  33100E-04 W)

RempmGhITy  Scalodrall | SchiaWsdium  GoalaLarge
Braadband Wavelangih  [Barps per [MapktE ponr [Vt per [Falizper  CftsniBmall ClispiModin  OMsetl ange Plea e
Channete  Adress ] pEforfs]]  pEforfs)]  pE(oes] Byl lvolts] moms] o] Units
EMIPAR L] ACIETDG 1.674TE-05 1TATSEHDD  BOOSEHD  1.R402E(E  LICOIE-JE 5 ACLOEADS  1.7PLE-0S 2]
.n_._._xgn:__. J SETT T
Channsla Aidvess Weuslength  PResponsivity Scales Scalehl Scalal QTeats DTapthl CHifscedl Units
EcHlTamp 21 4 1.0000E+HD] 1.0200E-02 1 O200E02 1.0DI0E-D2  DUOODOE+ID COCIOE+DD D OJSOE .+ o
EdMiin 27 G 1.Q00ET]  -25CU0E-I 2EDKE-[ -25000E01 DONKEHIN DOCKAE+03  DOI00E0D W

* Rigspherical Tnstromends Ing., 5348 Rley Stoect, San Dibemo, Callformia 92110 LA, C6nitael supperlio biosphe rical com T move informa .

Onlibnuien Doty T Biod Dhegtrme L 3l 3
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

CTD Sensors
CTD Fish

SEA-BIRD ELECTRONICS, lIC.

13431 NE 20th Street, Bellevue, Washington, 5805-2010 USHA
Phurie: (125; G453 S5EF Faux 425) 5¢3 - BUSL =mraill saalim e bird com

T FOHL STRTAL NURLELM: G377 SR Yn b TRESSLECALLGLA YN DATA
CALNUEATION DAL 22-Feb-11 LN pria 5024 5k

TITGIC AR COEFLLCIHNTS. AT, ATHE, WIPE AL D OFRSET:
= -4 .54 e D0 FTLLAE - 1.1770e iz
(el = =700 fhhe= 003 ATLLUE —i AT e 200
EE = Todfdklle Nn? DUamps — HIRTE T By

LTI ERH cLEssz — WoeF 1dkazs
Tx — nounugopds G0l

=

PRLSSL.ER IR 5T [ COBIITE Y INST ARSI HEEYN
RN G FTTOEEY PP L T TELA T ITEN 13T A HETAY

L1, 553 EEELT{I=A il.7 _E MR ol
iy P - 1 M LRI A1 AT - ) L M i
407 4 _EEL SR Ll nzE A4, W.hy
TR L =L.5 EIV N id, .t Rt
HU_e . 1.4 anls, i 2. b._22
nnt s S L R I 12ig. =i
- 2.7 AL ., -0.00%
el 2L w14, 059 G u_ooar
Anla L TOE 3 011,878 7. u_u2l
Erol e 1 A Z Zg14d . hi . ELI ]

[ [ T ] Lo, iy 2, -0 .7

kool cerp el =d ima o omelt weenr e TR e onnac A

b, B DIZrIef (e lal

LG (e B FE— — T T [@ zorah ' 003
5 —— et _— —_ — B —_
2
Hal i
I': | |
B e e el - —8 — A rerrer )
o
fr
o
v
G —— i IS _— _— a
(1) I AT BN [ FR I O | B I - Lo 1ilq

il TN 2000 S00C  Acdy  BAd0 EOCG 0D 3000 BCGD G0 11000
I'ressurs (PELA]
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Data Report for LMG1110 Bucklin/Warren

ARSV Laurence M. Gould

Primary Temperature

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA
Phone: (425) 643 - 9866 Fax (425) 643 - 2354 Email: seabird@seabind.com

SENSOR SFRTAT. NTIWMRER: 2444
CALIBRATION DATE: 16-Apr-10

ITS-90 COEFFICIENTS

g = &.3B205B70e-003

h = 6.5040B607e-004

£ = Z.46631%966e-005

4 = Z2.3B544Z247e-0086

f0 = 1000.0

BATH TEMP INSTRUMENT FEED
(ITS-90) (Hz)
-1.5000 F0B4.748
1.0000 F240.142
4.49959 3497.728
7.9995 3ITes._ 727
11.49959 4056.514
15.0000 4358.470
18.5000 4E75.974
22 ._.0000 S5009.334
25._5000 S535B.B9%
290000 5724.9B4
325000 E107.8905

SEE3 TEMPERATIRECALIBRATION DATA
ITS-90 TEMPERATURE SCALE

IPTS-68 COEFFICIENTS

3.6B121301e-003
6.D42B7676e-004

= 2.3B70559B5e-006

0D = 3064.748

INST TEMP
1TSS
-1.5001
1.0000
4.5000
7.9988
11,4580
14.95988
18.5000
22.0001
25.5001
29.0000
32.5000

Temperature TTS-90 = 1/{g + hiln(f /] + ilin" (£ /] + j[in'(f, )]} - 273.15(°C)

Temperature IPTS-68 = 1/{ + blin(f /) + ¢ [fni{fuﬂ] + d[fng{fdff}l]} - 27L15(°C)

a
b
¢ = L.66T7620B7e-0035
d
£

RESMTAL
{TTS- %)
-0.00005

0.00003
o.oooow
0.o00005
-0.00004
-0.0001B8
0.00004
0.00D06
0.00006
-0.oo0o0o
-0.00004

Following the recommendation of JPOTS: Tsa is assumed to be 100024 “Tm -2t035°C)

Residual = instrument temperature - bath tempe ratune

Date, Offsetimdeg C)

24-Mar-08 -0.15
16-Apr-10 -0.00

0.02
. 0.01
[&]
]
g
[=1]
é 0.00 =l i i i
]
=3
=2
@
1]
=
-0.01
- 1111 1111 1111 1111 1111 1111 111
-5 o 5 10 15 20 25 30

Temperature, Degreas C

35
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Data Report for LMG1110 Bucklin/Warren

ARSV Laurence M. Gould

Secondary Temperature

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA
Phone: (425) 643 - 9866 Fax (425) 643 - 2354 Email: seabird@seabind.com

SENSOR SERTAT. NTIWMRER: 5034
CALIBRATION DATE: 17-Maw-10

ITS-20 COEFFICIENTS

g = 4.3303B443e-003

h = 6.35710344e-004

i = Z.11D2729%e-0D035

4 = L.BBLZB700&-D06

£0 = 1000.0

BATH TEMP INSTRUMENT FREQ
(ITS-90 {Hz)
-1.45998 2914.522
1.0000 30B3.332
4.35001 3331.4D2
B.0000 3593.503
11.5001 3B70.031
15.0000 4161.343
18.5001 4467.B06
22.0002 4789.773
25.5001 5127.5B6
29,0001 S4B1.577
32.5001 SES5Z.042

SEE3 TEMPERATIRECALIBRATION DATA

ITS-90 TEMPERATURE SCALE

IPTS-68 COEFFICIENTS

a = 3.6B1l21073e-003

b = 5.87165B76e-004

¢ = L1.530823903&-0035

d = L1.BB27020Be-006

0 = 2814.522

INST TEMP RESMTAL
1TSS {TTS- %)
-1.4888 0.ooDoz2
1.0000 0.0000L
4.5000 -0.oo0o07
B.00DD o.ooooo
11.5001 g.ooooo
15.0001 p.o0012
18.5001 o.ooooo
22.0001 -0.00011
25.5001 -0.00001
29.0002 0.o00005
32.5001 -0.00001

Temperature ITS-90 = 1/ g + hifn{f /)] + i[fni{fu.fﬁ] +j[!ng{fu.lﬂ|]} -273.15(°C)

Temperature IPTS-68= 1/{a + h[-'n[fdfﬂ] +e [fni{fuﬂ] + d[fng{fdff)]} - 2715 (FC)
Following the recommendation of JPOTS: T, is assumed to be 100024 * T__ (-2 1035 °C)
Residual = instrument temperature - bath tempe ratune

Date, Offsetimdeg C)

19-May-08 0.13
17-Now-10 0.00

0.02
. 0.01
[&]
]
g
[=1]
é 0.00 St ) i il 5 il |
]
=3
=2
@
1]
=

-0.01

- o 1 111 1 111 1 111 1 111 1111 1111 111

-5 o 5 10 15 20 25 30 35

Tamperatura, Degreas C
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Primary Conductivity

1808 - 136th Place Northeast, Bellevue, Washington 98005 USA
AR RELRE: Phone: (425) 643-0066 Fax: (425) 643-9954 www.seabird.com

Conductivity Calibration Report

S B SEA-BIRD ELECTRONICS, INC.

|Customer: "F!aythaun Polar Services Co. |
[Job Number: [ 54608 ] [Date of Report [ 192009 |
[Model Number:][ SPEGC ] [Sertal Number: [ 043534 ]

Conductivity sensors are normally calibrated ‘o received’, without eleaning or adfustments, allowing o determination af
sensor drifl. [fthe calibration ident{fies a problem or indicates cell cleaning is necessary, then a second calibration is
performed qfter work is completed The 'as recedved” calibration is net performed {f the seasor is dem aged or won-
Junetional, or by customer request,

An 'as received” calibration centificate is provided, lisag the cocfficients nsed to convert sensor fregrency fo conduotivity,
Users mugt choose whetherthe 'as received” calibration or the previous calibration better represenisthe sensor condition
during deploywnent, In SEASOFT ender the chosen coefficients nsing the program SEACON. The coefficient 'slope’
allows small corrections for drift between calibrations (consulf the SEASOFT manual). Calibrotion coeffi cients ol mined
after arépair o cieaning apply ouly fo subseguent data.

'AS RECEIVED CALIBRATION' ¥ Performed O Not Perfformed
Date: | 5/19/2008 Drlft since last cak PSL¥ month*
Comments:

'CALIBRATION AFTER CLEANING & REPLATINIEING' O Performed Not Performed

P — T —

Comments:

EMeasured o 3.0 Sm

Cell cleaning and electrode replatinizing tend to 'reset” the conductivily sensor te (65 oni ginal conditi on, Lack of drift in
post-cleaning-calibration indieates geometric stabidlity of the edl and electrical stability af the senser circud,
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Secondary Conductivity

13431 NE 20th Sireet Bellevue, Washington 98005 USA
AR RELRE: Phone: (425) 643-0066 Fax: (425) 643-9954 www.seabird.com

Conductivity Calibration Report

S B SEA-BIRD ELECTRONICS, INC.

|Cus tomer: "F!a;,-'thaon Polar Sarvices Co. |
[Job Number: " 62041 | |Date of Repore: " 111972010 |
[Model Number [ SPEGC ] [Serial Number: | 043519 |

Conducivily sensors are normally colibrofed ‘e received’, without eleaning or adfjustments, allowing o determinaion af
sensor drift. [f the calibration dent{fies a problem or i ndicates cell cleaning is necessary, then a second calibration is
performed qfter work is complated, The 'as recaved” calibration is net performed {f the sensor is dam aged or won-
Junctional, or by costomer request,

An as received” calibration certificate is provided, listing the cocfficients nsed to convert sensor fregrency fo
conductivily, Users mug choose whether the ‘s received” calibration or the previous calibration better represeats the
sensor comdiiion during deployment. In SEASOFT ender the chosen coefficients nsing the program SEACON. The
coefficient 'Sope’ allows small corrections for drift between calibrotions (consmlt the SEASOFT manual), Calibration
coefficients obtained after a repair o cleaning apply only te subsequent data,

'AS RECEIVED CALIBRATION' ¥ Performed O Not Pedformed
Date: Drift since last cak: PSUVmonth
Comments:

'CALIBRATION AFTER CLEANING & REPLA TINIEING' O Performed Not Performed

P — T — T T

Comments:

EMeasured a 3.0 Sm

Cell cleaning and electrode replatinizing tead to 'reset” the conductivily sensor te @5 oni gimal condition, Lack of drift in
pos-cleaning-calibration indeates geometric stability of the celdl and electrical Stabiliy of the senser circud,
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Primary Dissolved Oxygen

SEA-BIRD ELECTRONICS, INC.

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

SENSOR SERTAT. NTIWMREE: (196 SEE 43 OXYGEN CALIERATION DATA

CALIBRATION DATE: 29-Sep- 10p

COEFFICIENTS A= —6.330%e-003 NOMINAL DYMNAMIC COEFFICIENT S

Sse = 0.5173 B = 3. B467e-004 Dl = 1.92634e-4 HL = -3.30000e-2

Volffset = -0.5026 ~ = —4.7521e-006 L2 = -4.64B03e-2 HZ2 = 5.00000&+3

Tauzld = 0.85 E nominal = 0.036 H3i = 1.45000&+3

BATHOX BATHTEMP BATHSAL INSTRUMENT INETRUMENT RESIDUAL
(mlTh ITS-80 PSU OUTPUT OLTSY OXYGENImIT (mliTy
1.24 z.00 n.02 0.753 1.24 =0.00
1.25 &.00 0.02 0.785 1.24 =0.00
1.26 12.00 0.0z 0. 836 1.26 0.00
1.28 20.00 0.0z 0.835 1.28 0.00
1.28 26.00 0.0z 0.937 1.28 0.01
1.28 an.on n.02 0.964 1.30 0.01
4.12 &.00 0.0z 1.441 4.12 =0.00
414 z.00 n.02 1.3339 4.14 =0.00
414 12.00 n.02 1.598 4.14 =0.00
4.17 20.00 n.02 1.783 4.17 =0.00
4.17 26.00 0.02 1.909 4.18 a.00
4.18 3n.o0 0.02 1.991 4.18 0.00
6.62 30.00 0.02 2.854 6.61 =0.00
5.58 12.00 0.0z 2266 668 =0.00
5,70 20.00 n.02 2,558 &.69 =0.00
&0 26.00 0.0z 2,755 &89 =0.00
&.72 &.00 n.02 2.034 &.73 0.00
5,78 2.00 .02 1.872 §.78 0.00

Oxygen {ml1) = Soc * (W + Voffset)* (1LO+A*T+B ‘T2+C'Ts)‘ﬂxﬁn]{'r,5j‘exp{E‘PFK)

W = voltage output from SBE43, T = emperawre [deg C), § = salinity [PSU) K = emperatre [deg K]

OxSol(T,S) = oxygen saturation [mlA], P = pressure [dbar], Residual = instrament oxygen - bath oxygen

Drate, Delta Ox (mld)
0.4 24-Juk-09p 0.9871

20-Sep-10p 1.0000

’\
-
bl

i
=]
h

=]

Residual, (ml1)

gt b bbb v b el g
0 1 2 3

4 5 &
Croygen (mifTy
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Secondary Dissolved Oxygen

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellovue, Washington, 88005-2010 USA
Prona: (423] 644 - SBEG Fax (423) 643 - 9954 Emall seabir@seul o com

SENSOR SCRIAL NLMBER: G20 SAE4YOXYOREN CALIBRATION JATA
CALIBRATION DA 08 Inl11p
COEFFICIENLS A =2.2678a dns NOMINAT NVNAMIC COBFFICILNTS
anT - L. 833> = 733032 Qoo Ll - 1.8263dc 4 =7 = -3,.:330232-2
enffEot - U, 2u13 O Ty AT L D2 — =4.538%3% 7 Q02 - 3.(3000c-3
Trede ~ .22 # wesizal - 0.036 T P LA Ane -
DA‘IHQX BATH TEN NATTI SAL DNSIRUMENT INSTHE,MINT RESTIVAL
(bl 1154 U OUTHUT/VOLLY) OXYGRN LY (el
-1 20 C.l8 LN ) .22 A
- 4 s L.<s Q.2 1.3, .29
e P . C e .5 o [ |
2 ). X c.ad " rae L. 24 (AN
*2 2. R d.me C ™ “i N [
1.21 .. + I 1 f.%:4 ' f.n
o\ 72’0 2.1 [ .48 HI%
X J 280D "4 3.08. A -3,3C
+.15 7.0 .y - LS ¥ Q.59
A.05 g < C.<5 - .24 [P |
4.3, €. L.y e .8 -0,52
1.1, I B e a. 8N L5 [}
L P LS Ul 24 PR “la DO
» % 2. X Ake T ] 4.0 (SR
w3 3.2 t 1) 2.5 o c.ud
£ Veu) 3.3 ?7>0 €.35 HER]
” €.0) SR 1 3 I ULl
e z.0) - 1.330 2 2.2

Qxygen iad!l) = Sin = (¥ 4 Vollsan “ (04 A T4 347 1 € ¢ T Qubul 1.8 4 expli o P2 K)
VoowaTiae aotpar fiow SBEZL, ' weeperatire |dog C1L $ = ieduuity (USU)] K = wmparin e "de K|
QxSe (TN = axyaen ssmpeon fadd), ¥ = peosdure (dhar), Residonl = ingeassn: oy pon - mak aygen

Daeie. Dzl O oWl

L2—— —— s T 'I“T ' | 71 9607 " @ 1.buoD

EEERRE NG SN

500-_ | A . —f - __:.gv! R
= s

g

b

i -9.1 — e B —
&

PRI TE R Sy u.l.._n__u. 'I_LA___.LJ. bl
! 6 7
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Data Report for LMG1110 Bucklin/Warren ARSV Laurence M. Gould

Fluorometer

PQ Bax 518 (541) 828-5650

=i WET@)Labs e

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 4/14/2011 S/N: FLRTD-1735

Chiorophyll concentration expressed in pg/l can be denved using the equation:
CHL (pg/l) = Scale Factor * (Output - Dark Counts)

Analog

Anslog  Anslog  Range 4

Range 1 HAange2 (defaul) Dugital
Dark Counts 0067 0.025 0.008 ¥ S0 counts
Scale Factor (SF) & 12 25 ughV 0.0076 pgVoount
Maximum Output 498 498 498V 16380 counts
Rezolution 08 [i]:] 0.8 mV 1.0 counis
Ambient temparature during characterzation 23C

Analog Range: 1 (mosi sensitive, 0—4 000 counts), 2 (midrange, 08,000 counts), 4 (anire range, 0-16,000 cournts).
Dark Countas: Signal cutput of the meler in dean waier with black tape over delecior,

5F: Determined using the following equation: 5F = x + {ouliput - dark counis), where x is the concentraion of the
solufion usad during instrument characterzaon. 5F i3 used o derive instrument output concentrafion from the raw
signal output of the feorometer.

Mastimum Output: Masmum signal cutput the flucromister is capable o,

Re salution: Standard deviason of 1 minute of collectad data

Thia rabonsieg Dok ien NuoreScencn and Chicropiys: & 00NDDNITENoNS (N-iL) 18 highly varabio, Tho scme tacior isiod on s
document was defemined wsng & maonc-culiune of piyloplaniion | Thalassiosrs wassiogd | The popuUistion was Sss5Umed i e
reasonably heaiy and the conceniration was GeiBFTINed Dy Lsng ihe Bsomtion meihod. To Bccuralsly delsrming Chicrapy
conceniration LEng A fuormelsr, you Must perierm secondary messwemeants on the populsions of inlersst. This is typically dons
using Exrachon-hased Messwement lechniques on Mscrele SEMpes. For sddbonal INfonmstion on delsrminng chiorophyl
conceniration see “Siandan Methods for the Examinalion of Waler and W asiewsier parl 10200 H, published jointly by ihe American
Public Heath Association, Amencan Walor Works Associabion, and Fa W ator Emvironment Fedaration

FLATD-1735.xls Rawision J anrios
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PAR

)

Biospherical Instruments Inc A\
CALIBRATION CERTIFICATE

UNDERWATER PAR SENSOR WITH LOG AMPLIFIER

Calibration Date:, 05/19/10 Job No.: R-10661
Model Number: QSP-2300
Serial Number: 4722
Operator:  TPC
Standard Lamp: GS1024(8/28/08)
Operating Voltage Range: 6 to 15 VDC (+)
Note: The QSP-200 uses a log amplifier to measure the detector signal current with V = log | (Amps) / IRef
To calculate irradiance, use this formula:

| Irradiance = Calibration factor * (10ALight Signal Voltage - 10ADark Voltage) |
by = = =
With the appropriate (solar corrected) Irradiance Calibration Factor:
Dry Calibration Factor:| 1.95E+13 |quanta/cm?-sec/"amps” 3.23E-05 |pEinsteins/cm?-sec/"amps"
Wet Calibration Factor:| 3.28E+13 |quanta/cm?-sec/"amps" 5.45E-05 |uEinsteins/cm?-sec/"amps"

Sensor Test Data and Resulits”
Sensor Supply Current (Dark): 86.9 |mA
Supply Voltage: 6 Volts

Lamp Integrated PAR lrradiance:| 9.27E+15 |quanta/cm®-sec 0.01540 |pEinsteins/cm?sec
SC3 immersion Coefficient:{ 0.594 Scalar Correction: 1 PAR Solar Correction:| 1.0000
Measured Estimated Calc. Test lrrad.
Nominal Calibrated Sensor Measured Signal Signal Output Error (quanta/
Filter OD  Trans. Voltage Trans. (Amps) (Amps) . (Volts) (Volts)  Error (%) cmz-sec)
No Filter | 100.00% 2.679 100.00% 4.78E-08 | 4.78E-08 | 2.680 0.001 0.0 9.27E+15
0.3 36.10% 2.242 36.35% 1.74E-08 | 1.72E-08 | 2.240 -0.002 -0.7 3.37E+15
0.5 27.60% 2.132 28.11% 1.34E-08 | 1.32E-08 | 2.125 -0.006 -1.8 261E+15
1 9.27% 1.678 9.68% 4.62E-09 | 4.43E-09 1.661 -0.017 -4.2 8.97E+14
2 1.11% 0.862 1.20% 5.71E-10 | 5.30E-10 | 0.838 -0.024 -7.2 1.11E+14
3 0.05% 0.296 0.08% 3.92E-11 | 2.55E-11 0.265 -0.031 -35.0 | 7.62E+12
Dark Before:  0.200 Volts
Light - No Filter Hidr.. ™ 2.679  Volis lres = 1.00E-10 Amps
Dark After - NFH:~ 0.201  Volts lpak = 1.59E-10 Amps RG780 0.228
Average Dark  0.200 Volts 10¥*" = 1.585806 Amps :

Notes:

1. Annual calibration is recommended.

2. There is increasing error associated with readings below zero.
3. The collector should be cleaned frequently with alcohol.

4) This section is for internal use and for more advanced analysis.

QSP-200L,QSP2300(2006- ) .xIs
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Transmissometer

PO Box 518 {541) B20-5850

20 Applegate St. Fax (541) 829-5277

e WETE@)Labs — =mZm
C-Star Calibration

Date December 21, 2010 SilE CST-4D6DR Pathlength 25 cm

Analog meter

Vy 0.058 ¥

Vi 4BS4 W

Vi 4TV

Temperature of calibraton water 28*%C

Ambient W calibration 21.7*C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x. in meters) Tr=e™
To determine beam transmittance: Tr = (Weg - Vasa) / (Vs = Vi)

To determine beam attenuation coefficient ¢ = -1k * In [Tr)

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

Vo Meter output in air with a clear beam path.

Vi Meter output with ciean water in the path.
Temperature of calibration water: temperature of clean water used to obtain V.
Ambaient temperature: meter temperature in air during the calibration.

Vi  Measured signal cutput of mester.
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MOCNESS Calibration Sheets

Pressure

DEPTH SENSOR CALIBRATION
5/N 156 XlI-16-2009

The pressure sensor used in the MOCNESS is a titamium 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 MOCNESS 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 0-9999 for temperature. The calibration data is fit
by the following equation-

Z=(C1*Vi+CO)*VpA2+(B1*Vi+BO)*Vp+({A1*Vi+AD)

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

The following constants are for your MOCNESS underwater unit.

serial_number =
156
Cl=
1.90688708552908%e-11
CO =
-1.786165831421 366e-08
Bl =
-3.681685468843880e-07
BO =
0.10481555322975
Al =
0.00198004969432
AD =
-2.097971989891269e+02
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Temperature

SEA-BIRD ELECTRONICS, INC.
1808 136th Place N.E., Bellevue, Washington, 98005 USA

Phone: (425) 643 - 9866 Fax (425) 643 - 9954 Emal: seabird@seabird com

SENS0R SFRTAT. NTRRER: 1619

CALIBRATION DATE: 30-Mar-(9
ITS-90 COEFFICOIENTS
g = 4.80855703&-003
h = G.842569%94e-004
i = 3.13303977e-005
4 = 2.94430043e-008
fo0 = 1000.0
BATH TEMP INSTRUMENT FRED
(IT5-90) {Hz)
-1.5001 S5B51.743
0.9999 B1A8.349
4.49599 GERZ.TEY
7.9899 7204.857
11.4999 7755.363
14.9999 B334.982
16.43999 B944.359
21.9999 9584.130
25,4999 10254.8%0
28.9999 109587.171
324999 11691, 449

SEE3 TEMPERATIRECALIBRATION DATA
ITS-90 TEMPERATURE SCALE

IFT5-68 COEFFICIENTS
a= 1.601214%6&-002
b= G.00268271e-004
c = 1.57523242&-0035
d = 2.94591648e-006
£0 = S5851.T43

INST TEMP
(ITS-90
-1.5002
1.0000
4.5000
7.9999
11.4998
14.9958
18.49598
21.9999
25,5000
29.0001
32.4997

Temperature ITS-90 = 1 g +H1'Mf.i'ﬂ] - illnz{i’nﬁ}] +j[ll’ﬂ.-l':l]'l =27 ()
Temperature [PTS-68 = 1/{a + blla(f /0] + clin (£, 1)) + din (/0] - 273.15(°C)
Following the recommendstion of JPOTS: T _ is asumed tobe | 00024 *T_ (-2 1035 °C)

Residusl = instrument tempersture - bath temperature

RESMUAL
(TS50
—-0.00010
0.00006
0.00014
0.00003
=0.00008
—-0.00010
-0.00009
=0.00001
0.00014
0.00017
-0.00017

Date. Dffset(mdeg Ch
0.02 23-Jan-06 -1.80
20-Mar-00 -0.00
_ oo
L]
&
éu.m —{=lr— i i L R - -
3 = - . = R L B
&
o
i
-0.01
P 7= A A I I A
-5 a 25 30 as
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ARSV Laurence M. Gould

Conductivity

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA
Phone: (425) 643 - 9866 Fax (425) 643 - 9954 Emai: seabird@seabird com

SENS0R SFRTAT. NINMRER: 2303
CALIBRATION DATE: 04-Mar-11

GHIN ODE FFICTENTS

g = =-1.0711996%&+001
h = 1.48046874+000
i = -2 44191594e—003
§ = 2.60911906e-004

CPeor = =9.5700e=008 (nominal)
CTeor = 3.2500e-006 (nominall

SEE4 CONDUCTIVITY CALIBRATION DATA
PSS 1978: C(35.15,0) = 42914 Scimens/meter

ABCDM COEFFICIENTS

a= 3. 15649371e-007

b= 1.4737TBEEEe+000

c = -1_069T6T46&+001

d = -B. 47941 886a-005

= 6.5

CPeor = =%.5700e-008 (neminal)

BATHTEMP BATHSAL BATHCOND INSTFRED  INST COMD RESIDUAL
| Sieme ps/m)

(TTS-90) (PSII)

0.0000 0.0000
-1.0000 34.9530
1.0000 34,9537

1B8.5000 34.9513
290000 34.9445
32.5000 34.9307

0.00000
2.81458
2.
4
5
&

9BESH

-B3434
- TZ2095
- 09368

{kHz) (Sicmens/m) {Siemensim)
2.69416 0.00000 0.00000
%.13300 2.81458 0.00003
5.24531 2_SBESE -0.00003
&.21883 4_B3438 0.00002
6. TE406 5.72092 —D.00003
6.967T28 E.0%369 0.00002

Conductvity = (g + " +if’ +jf*) 11001 + 8 + €p) Sicmens/meter
Conductvity = (af ™ + bi* +¢ +di)/ (101 +p) Siemensimeter

t = temperature [°C) | p = presurefdecibars]: & = CTeor € = CPeor;

Residual = (instrument conductivity - bath conductivity) using g, h, i, | coefficients

Date, Slope Comection
0.002 1.0000884
04-Mar-11 1.0000000
0.001

Fhlldl..ﬂ.. (S5'm)
:
:
/
/
i

R gl — 1?“
~—--_.—-——I"'-
-0.001
0.002 1111 1111 1111 L | 110110 1 1110 I |
0 1 2 3 & T
Conductivity (Siemens/m)
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Transmissometer

PO Box 518 {541) B20-5850

20 Applegate St. Fax (541) 829-5277

e WETE@)Labs — =mZm
C-Star Calibration

Date March 22, 2011 SilE CST-407DR Pathlength 25 cm

Analog meter

Vy 0.058 ¥

Vi ATES ¥

Vi 4684 ¥

Temperature of calibraton water 26

Ambient W calibration 214 *C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x. in meters) Tr=e™
To determine beam transmittance: Tr = (Weg - Vasa) / (Vs = Vi)

To determine beam attenuation coefficient ¢ = -1k * In [Tr)

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

Vo Meter output in air with a clear beam path.

Vi Meter output with ciean water in the path.
Temperature of calibration water: temperature of clean water used to obtain V.
Ambaient temperature: meter temperature in air during the calibration.

Vi  Measured signal cutput of mester.
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Acquisition and Processing Information

Processing Specifics

Refer to the InstCoef.ixt 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.

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.

The PCO2 system was turned off when it was discovered that there was no regulator onboard for the
Chilean replacement Nitrogen tank. Palmer Station supplied the LMG with an appropriate tank for running
the PCO2 system during the Northbound Drake passage.

Date (Julian) | Time (GMT) | Event Location
. Started data collection. Trimble
307 03:00 GPS not functioning @68W
308 Turned off bottom tracking ADCP
311 22:09 Suspended water sampling and Arrive Palmer Station
sonars.
313 09:49 Resumed seawater and sonars Departing Palmer Station
313 12:01 Turned on bottom tracking ADCP
320 22:00 PCO2 system turned off
330 10:09 Suspended water sampling and Arrive Palmer Station
sonars.
331 10:09 Resumed seawater and sonars Departing Palmer Station
335 02:35 End data collection @68W
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