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Introduction

The NBP data acquisition systems continuously log data from the instruments used during the
cruise. This document describes:

The structure and organization of the data on the distribution media

The format and contents of the data strings

Formulas for calculating values

Information about the specific instruments in use during the cruise

A log of acquisition problems and events during the cruise that may affect the data

Scanned calibration sheets for the instruments in use during the cruise.

The data is distributed on a DVD-R written in written in UDF format. It is readable by most modern
computer platforms.

All the data has been compressed using Unix “gzip,” identified by the “.tz” extension. It has been
copied to the distribution media in the Unix tar archive format, “.tar” extension. Tools are available
on all platforms for uncompressing and de-archiving these formats: On Macintosh, one can use
Stuffit Expander with DropStuff. On Windows operating systems, one can use WinZip.

MultiBeam and raw ADCP data are distributed separately.

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

Antarctic Support Contract 4 United States Antarctic Program



Data Report
NBP1305

Distribution Contents at a Glance

Volume 1 of 1: NBP1305
File

/
NBP1305.trk
NBP1305.mgd
NBP1305.gmt
INSTCOEF.TXT
1305DATA.doc
1305DATA.pdf
/cal-sheets
NBP1305-Sensors.doc
NBP1305-CalSheets.zip

/plots
NBP1305-track.jpg
NBP1305-track.png

/process
1305JGOF.tz
1305QC.tz
1305PCO2.1z
1305MGD.tz
1305PROC.tz

/rvdas/nav
1305adcp.tz
1305gyri.tz
1305PCOD.tz
1305seap.tz
1305spib.tz
1305sp2a.tz

/rvdas/uw

1305bwnc.tz
1403ctdd.tz
1305cwnc.tz
1305eng1.1z
1305grvi.tz
1305hdas.tz
1305knud.tz
1305mbdp.tz
1305mwx1.tz
13050xyg.tz
1305pco2.1z
1305pguv.iz
1305rtmp.tz
1305svp1.t1z
1305tsg1.tz
1305tsg2.tz
1305twnc.tz

/Imagery
1305Imagery.tz

Description

Root level directory
Text file of cruise track (lat,lon)
Full Cruise MGD77 data file
GMT binary file of MGD77 data
Instrument Coefficient File
Data Report NBP1305 (MS Word)
Data Report NBP1305 (PDF format)
Cruise track plots
Sensor Calibration Sheet Reference
Sensor Calibration Sheet files

Cruise track plots
Cruise track plot (JPEG format)
Cruise track plot (PNG format)

Processed data
JGOFS format data files
Daily RVDAS QC postcript plots
Merged pCO2 data files
MGD Data
Other processed data

Navigation data
ADCP Data Sets
Gyro raw data
Trimble P-code raw data
Seapath data
Seapath 1b data
Seapath 2a data

Underway data
Baltic Winch data
CTD Winch data
Waterfall Winch data
Engineering data
Gravimeter raw data
HydroDAS raw data
Knudsen raw data
Multibeam depth data
Meteorology raw data
Oxygen sensor
pCO2 raw data
GUV raw data
Remote temperature data
Sound velocity probe (in ADCP well)
Micro TSG data
2" Micro TSG data
Winch data

Satellite Imagery
Collection of Imagery Files

Antarctic Support Contract
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/ocean Ocean data
1305xbt.tz XBT Data
1305ctd.tz CTD Data
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Extracting Data

The Unix tar command has many options. It is often useful to know exactly how an archive was
produced when expanding its contents. All archives are gzipped tar files and were created using
the command,

tar -czvf archive filename files to archive

To create a list of the files in the archive, use the Unix command,

tar -tvf archive filename > contents.list

where contents.list is the name of the file to create

To extract the files from the archive:

tar -xvf archive filename file(s) to extract

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

gunzip filename.tz

Antarctic Support Contract 7 United States Antarctic Program
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Distribution Contents

Cruise Information

NBP1305 departed

Data logging was started at ~06:00 GMT on June 24, 2013
Data logging was stopped at ~04:00: GMT on July 22, 2013

Cruise Track

The distribution DVD includes a GMT cruise track file (NBP1305.trk). It contains the longitude and
latitude of the ship’s position at one-minute intervals extracted from the NBP1305.gmt file.

PNG and PDF cruise track files have been produced and placed in the /plots directory.

Satellite Images

Satellite Images received for this cruise can be found in the file called /imagery/1305Ilmagery.tar.
Each type of image is contained in a .tz file within that file.

NBP Data Products

The IT staff on the NBP creates two processed data products for every cruise: JGOFS and
MGD77.

The data processing scripts used to produce JGOFS and MGD77 data sets create a lot of
intermediate files. These files are included on the data distribution media in a file called
/process/1305proc.tar. These files are not intended to be end-products. They are included to
make re-processing easier in the event of an error, but no extensive detail of the formats is
included in this document. If you have any questions, please contact itvessel@usap.gov.
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JGOFS

The JGOFS data set can be found on the distribution media in the file /process/1305jgof.tar. The
archive contains one file produced for each day named jgDDD.dat.tz, where DDD is the year-day
the data was acquired. The “.tz” extension indicates that the individual files are compressed
before archiving. Each daily file consists of 22 columnar fields in text format as described in the
table below. The JGOFS data set is created from calibrated data decimated at one-minute
intervals. Several fields are derived measurements from more than a single raw input. For
example, Course Made Good (CMG) and Speed Over Ground (SOG) are calculated from gyro
and GPS inputs. Daily plots during the cruise are produced from the JGOFS data set. Note: Null,

unused, or unknown fields are indicated as “NAN” 9999 in the JGOFS data.

Field Data Units

01 GMT date dd/mm/yy

02 GMT time hh:mm:ss

03 SEAPATH latitude (negative is South) t.ttt

04 SEAPATH longitude (negative is West) g99.9999

05 Speed over ground Knots

06 GPS HDOP -

07 Gyro Heading Degrees (azimuth)

08 Course made good Degrees (azimuth)

09 Mast PAR uEinsteins/meter” sec

10 Sea surface temperature (remote) °C

11 Sea surface conductivity (TSG1) siemens/meter

12 Sea surface salinity (TSG1) PSU

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

14 True wind speed (max speed windbird) meters/sec

15 True wind direction (max speed windbird) degrees (azimuth)

16 Ambient air temperature °C

17 Relative humidity Y%

18 Barometric pressure mBars

19 Sea surface fluorometry ug/l (mg/m®)

20 Transmissometer %

21 PSP W/m®

22 PIR W/m®

Antarctic Support Contract 9
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MGD77

The MGD77 data set is contained in a single file for the entire cruise. It can be found in the top
level of the distribution data structure as NBP1305.mgd. The file NBP1305.gmt is created from
the MGD77 dataset using the “mgd77togmt” utility. NBP1305.gmt can be used with the GMT

plotting package.

The data used to produce the NBP1305.mgd file can be found on the distribution media in the file
/process/1305proc.tar. The data files in the archive contain a day’s data and follow the naming
convention Dddd.fnl.tz, where ddd is the year-day. These files follow a space-delimited columnar
format that may be more accessible for some purposes. They contain data at one-second
intervals rather than one minute and are individually “gzipped” to save space. Below is a detailed
description of the MGD77 data set format. The other files in the archive contain interim
processing files and are included to simplify possible reprocessing of the data using the RVDAS
NBP processing scripts.

All decimal points are implied. Leading zeros and blanks are equivalent. Unknown or unused
fields are filled with 9’s. All “corrections”, such as time zone, diurnal magnetics, and EOTVOS, are
understood to be added.

Col Len | Type | Contents Description, Possible Values, Notes
1 1 Int Data record type Set to “5” for data record
2-9 8 Char | Survey identifier
10-12 3 int Time zone correction Corrects time (in characters 13-27) to
GMT when added; 0 = GMT
13-16 4 int Year 4 digit year
17-18 2 int Month 2 digit month
19-20 2 int Day 2 digit day
21-22 2 int Hour 2 digit hour
23-27 5 real Minutes x 1000
28-35 8 real Latitude x 100000 + = North
- = South. (-9000000 to 9000000)
36-44 9 real Longitude x 100000 + = East
- = West. (=18000000 to 18000000)
45 1 int Position type code 1=0bserved fix
3=Interpolated
9=Unspecified
46-51 6 real Bathymetry, 2- way In 10,000th of seconds. Corrected for
travel time transducer depth and other such
corrections
52-57 6 real Bathymetry, corrected | In tenths of meters.
depth
58-59 2 int Bathymetric correction | This code details the procedure used for
code determining the sound velocity correction
to depth
60 1 int Bathymetric type code | 1 = Observed
3 = Interpolated (Header Seq. 12)
9 = Unspecified
61-66 6 real Magnetics total field, In tenths of nanoteslas (gammas)
1°T sensor
67-72 6 real Magnetics total field, In tenths of nanoteslas (gammas), for
2"P sensor trailing sensor
73-78 6 real Magnetics residual In tenths of nanoteslas (gammas). The
field reference field used is in Header Seq. 13

Antarctic Support Contract
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Col Len | Type | Contents Description, Possible Values, Notes
79 1 int Sensor for residual 1=1%or leading sensor
field 2=2"0r trailing sensor
9 = Unspecified
80-84 5 real Magnetics diurnal In tenths of nanoteslas (gammas). (In
correction nanoteslas) if 9-filled (i.e., set to “+9999”),
total and residual fields are assumed to
be uncorrected; if used, total and
residuals are assumed to have been
already corrected.
85-90 6 F6.0 | Depth or altitude of (In meters)
magnetics sensor + = Below sea level
3 = Above sea level
91-97 7 real Observed gravity In 10" of mgals. Corrected for Eotvos,
drift, tares
98-103 |6 real | EOTVOS correction In 10™ of mgals.
E = 7.5V cos phi sin alpha + 0.0042 V*V
104-108 | 5 real Free-air anomaly In 10" of mgals
G = observed
G = theoretical
109-113 | 5 char | Seismic line number Cross-reference for seismic data
114-119 | 6 char | Seismic shot-point
number
120 1 int Quality code for 5=Suspected, by the originating institution
navigation 6=Suspected, by the data center
9=No identifiable problem found

Science of Opportunity

ADCP

The shipboard ADCP system measures currents in a depth range from about 30 to 300 m -- in
good weather. In bad weather or in ice, the range is reduced, and sometimes no valid
measurements are made. ADCP data collection is the OPP-funded project of Eric Firing
(University of Hawaii) and Teri Chereskin (Scripps Institution of Oceanography). Data is collected
on both the LMG and the NBP for the benefit of scientists on individual cruises, and for the long-
term goal of building a profile of current structure in the Southern Ocean.

A data feed is sent from the ADCP system to RVDAS whenever a reference layer is acquired.
This feed contains east and north vectors for ship’s speed, relative to the reference layer, and
ship’s heading. Collected files (one per day) are archived in 1305adcp.tar in the directory
/rvdas/nav.

Note: ADCP data collection was halted mid-cruise to perform a software configuration
change. As such, this cruise’s ADCP data is split into two data sets.

pCOz

The NBP carries a pCO2 measurement system from Lamont-Doherty Earth Observatory (LDEO).
pCO2 data is recorded by RVDAS and transmitted to LDEO at the end of each cruise. You will
find pCO2 data in a file named 1305pco2.tar in the /process directory, which contains the pCO2
instrument’s data merged with GPS, meteorological and other oceanographic measurements. For
more information contact Colm Sweeney (csweeney@ldeo.columbia.edu).

Antarctic Support Contract 11 United States Antarctic Program
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Cruise Science

XBT

During the cruise, eXpendable BathyThermographs were used to obtain water column
temperature profiles, providing corrections to the sound velocity profile for the multibeam system.
The data files from these launches are included as 1305xbt.tar in the /ocean directory.

RVDAS

The Research Vessel Data Acquisition System (RVDAS) was developed at Lamont-Doherty Earth
Observatory of Columbia University and has been in use on its research ship for many years. It
has been extensively adapted for use on the USAP research vessels.

Daily data processing of the RVDAS data is performed to calibrate and convert values into
useable units and as a quality-control on operation of the DAS. Raw and processed data sets
from RVDAS are included in the data distribution. The tables below provide detailed information
on the sensors and data. Be sure to read the “Significant Acquisition Events” section for important
information about data acquisition during this cruise.

Sensors and Instruments

RVDAS data is divided into two general categories, underway and navigation. They can be found
on the distribution media as subdirectories under the top level rvdas directory: /rvdas/uw, and
/rvdas/nav. Processed oceanographic data is in the top level directory, /process. Each instrument
or sensor produces a data file named with its channel ID. Each data file is g-zipped to save space
on the distribution media. Not all data types are collected every day or on every cruise.

The naming convention for data files produced by the sensors and instruments is
NBP[CruiselD][ChannellD].dDDD

Example: NBP1305mwx1.d025

e The CruiselD is the numeric name of the cruise, in this case, NBP1305.

e The ChannellD is a 4-character code representing the system being logged. An example
is “mwx1,” the designation for meteorology.

* DDD is the day of year the data was collected

Antarctic Support Contract 12 United States Antarctic Program
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Underway Sensors

Meteorology and Radiometry

Measurement Channel | Collect. Status | Rate Instrument

ID
Air Temperature mwx1 continuous 1 sec R.M. Young 41372LC
Relative Humidity mwx1 continuous 1 sec R.M. Young 41372LC
Wind Speed/Direction | mwx1 continuous 1 sec Gill 1390-PK-062/R
Barometer mwx1 continuous 1 sec R.M. Young 61201
PIR (LW radiation) mwx1 continuous 1 sec Eppley PIR
PSP (SW radiation) mwx1 continuous 1 sec Eppley PSP
PAR mwx1 continuous 1 sec BSI QSR-240
GUV pguv continuous 2 sec BSI PUV-2511
PUV pguv not collected BSI PUG-2500
Geophysics
Measurement Channel | Collect. Status | Rate Instrument

ID
Gravimeter grvi continuous 10 sec” LaCoste & Romberg
Magnetometer mag1 not collected 15 sec EG&G G-866
Bathymetry knud continuous Varies Knudsen 320B/R

*Data is output every second but it only changes every 10 seconds.

Oceanography
Measurement Channel | Collect. Status | Rate Instrument

ID
Conductivity mtsg Continuous 6 sec SeaBird SBE-45
Salinity misg Continuous 6 sec Calc. from pri. temp
Sea Surface Temp mtsg Continuous 6 sec SeaBird SBE 38
Fluorometry hdas Continuous 2 sec WET Lab AFL
Transmissometry hdas Continuous 2 sec WET Lab C-Star
pCO, pco2 Continuous 70 sec (LDEO)
ADCP adcp Continuous varies RD Instruments
Oxygen oxyg Continuous 10 sec Oxygen Optode 3835

Antarctic Support Contract 13 United States Antarctic Program
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Navigational Instruments

Measurement Channel | Collect. Status | Rate Instrument

ID
Trimble GPS PCOD Continuous 1 sec Trimble 20636-00SM
Gyro gyri Continuous 0.2 sec Yokogawa Gyro
SeaPath seap Continuous 1 sec SeaPath 200
Data

Data is received from the RVDAS system via RS-232 serial connections. A time tag is added at
the beginning of each line of data in the form,

yytdd:hh:mm:ss.sss

where

Yy
ddd

hh
mm
$5.88S

= two-digit year
= day of year

= 2 digit hour of the day
= 2 digit minute
= seconds

All times are reported in UTC.

[data stream from instrument]

The delimiters that separate fields in the raw data files are often spaces and commas but can be
other characters such as : = @. Occasionally no delimiter is present. Care should be taken
when reprocessing the data that the field’s separations are clearly understood.

In the sections below a sample data string is shown, followed by a table that lists the data

contained in the string.
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Underway Data /rvdas/uw

Each section below describes a type of data file (file name extension in parentheses) followed by
a typical line of data in the file. In the table(s) for each section is a description of the fields within
each line of data. Note: most data files listed below will be included with each cruise’s data
distribution; however some types of files may be omitted if the instrument was not operating
during the cruise. The available data files can be found in the /rvdas/uw directory on the
distribution disc.

Sound Velocity Probe (svp1)
08+330:00:00:49.011 1519.35

Field |Data Units
1 RVDAS Time tag
2 Sound velocity in ADCP sonar well m/s

Meteorology (mwx1)

There are 3 different data strings in the mwxl data file:
MET

08+330:23:59:57.725 MET,12.1,-54,6.64,88.7,111.3374,0.02414567, -
0.4827508,282.9581,281.8823,1005.119

PUS
08+330:23:59:58.546 PUS,A,020,008.53,M,+337.12,+009.00,00,0F
SUs

08+330:23:59:58.779 Sus,A,017,008.76,M,+335.53,+006.35,00,02

MET string

Field |Data Units
1 RVDAS time tag

2 MET (string flag)

3 Power Supply Voltage \

4 Enclosure Relative Humidity (not currently implemented) Y%

5 Air temperature °C

6 Air Relative Humidity Y%

7 PAR (photosynthetically available radiation)* mV

8 PSP (short wave radiation)* mV

9 PIR Thermopile (long wave radiation)” mV

10 PIR Case Temperature °Kelvin
11 PIR Dome Temperature °Kelvin
12 Barometer mBar

*See page 21 for calculations.
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PUS string

Field |Data Units
1 RVDAS time tag

2 PUS (string flag)

3 A (unit identification)

4 Port Wind direction relative deg
5 Port Wind speed relative m/s

6 Units

7 Sound Speed m/s
8 Sonic Temperature °C

9 Unit Status (00 or 60 are good, any other value indicates fault)

10 Check Sum

SUS string

Field |Data Units
1 RVDAS time tag

2 SUS (string flag)

3 A (unit identification)

4 Starboard Wind direction relative deg
5 Starboard Wind speed relative m/s

6 Units

7 Sound Speed m/s
8 Sonic Temperature °C

9 Unit Status (00 or 60 are good, any other value indicates fault)

10 Check Sum

Knudsen (knud)

99+099:00:18:19.775 HF,305.2,LF,304.3

Field |Data Units
1 RVDAS time tag

2 HF = High frequency flag (12 kHz)

3 High frequency depth meters
4 LF = Low frequency flag (3.5 kHz)

5 Low frequency depth meters

Fluorometer (fir1)

This Fluorometer is not in use. The current Fluorometer goes to the hdas string.
00+019:23:59:58.061 0 0818 :: 1/19/00 17:23:17 = 0.983 (RAW)

.2 (C)

Field |Data

Units

RVDAS time tag

Marker 0 to 8

4-digit index

Date

mm/dd/yy

Time

hh:mm:ss

Signal

Signal units of measurement

O IN|O|O |~ (W=

Cell temperature (if temperature compensation package is installed)
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Field |Data Units

9 Temperature units (if temperature compensation package is installed)
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pCO: (pco2)

00+4021:23:59:43.190 2000021.99920 2382.4 984.2 30.73 50.8 345.9 334.1 -1.70

-68.046 -144.446 Equil

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 Concentration ppm

7 Equilibrated temperature °C

8 pCO, pressure microAtm

9 Flow rate ml / min

10 Source ID # 1 or 2 digits
11 Valve position 1 or 2 digits
12 Flow source (Equil = pCO, measurement) text
Micro-TSG (tsg1)

08+330:23:59:40.894 5.9322, 3.34685, 34.0550, 1473.281

Field |Data Units

1 RVDAS time tag

2 Internal Temperature °C

3 Conductivity s/m

4 Salinity PSU

5 Sound velocity m/s
Micro-TSG #2 (tsg2)

08+330:23:59:40.894 5.9322, 3.34685, 34.0550, 1473.281

Field |Data Units

1 RVDAS time tag

2 Internal Temperature °C

3 Conductivity s/m

4 Salinity PSU

5 Sound velocity m/s
Antarctic Support Contract 18 United States Antarctic Program




Data Report
NBP1305

Gravimeter (grvi)

There are now two sets of fields output by the gravity meter. The data record is output once per second, and

identified by “6DAT” in the id field. A summary of sensor environmental data is output every ten seconds,
identified by “%ENV” in the id field.

Data record ($DAT):

05+194:00:00:27.995 $DAT,2005/ 7/13, 0: 7: 7.36,194, 9050.37, 9050.06, 5410.86, -0.00, -0.01, -0.02,

0.00, 0.00, 0.70, 0.19, -0.12, -0.25, 0.00,-69.45711315, -54.32181487, 0.000, 285.200,
Field Data Conversion Units

1 RVDAS time tag

2 Text string (id field) $DAT for data record

3 Date YYYY/MM/DD

4 Time HH:MM:SS.SS

5 Day of Year DDD

6 Gravity count mgal = count x 1.0046 + offset count

7 Spring Tension Cu

8 Beam Position Volts x 750,000

9 VCC

10 |AL

11 AX

12 |VE

13 |AX2

14 |XACC2

15 |LACC2

16 |CROSS ACCEL GAL

17 |LONG ACCEL GAL

18 |EOTVOS CORR MGAL
19 LONGITUDE Degrees
20 LATITUDE Degrees
21 HEADING Degrees
22 |VELOCITY Knots

Antarctic Support Contract
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Environmental record ($ENV)

05+183:19:13:10.945 $ENV,2005/ 7/ 2,19:19:52.16,183,5-036/V1.5, 3.34,
47.19, 20.34,1.111840E-1,-0.57700,-0.10591, 0.40180, 2.55260, 0.43000, 1,
300

Field Data Conversion Units

1 RVDAS time tag

2 Text string (id field) $ENV for environmental record

3 Date YYYY/MM/DD

4 Time HH:MM:SS.SS

5 Day of Year DDD

6 Meter ID

7 Meter Pressure inch-Hg
8 Meter temp °C

9 Ambient temp °C

10 K-Factor

11 VCC Coeff

12  |AL Coeff

13 AX Coeff

14 |VE Coeff

15 AX2 Coeff

16 Serial Filter Length Seconds
17 |QC Filter Length Seconds

Engineering (eng1)

134079:10:22:16.035 12.26 19.68 507.4 0.3 173.3 -751.9 0 0 NAN NAN
43.2 85.7

Field |Data Units
1 RVDAS time tag

2 Power Supply Voltage Vv

3 Internal Case Temperature °C

4 Pump #1 flow rate (aquarium room) L/min
5 Pump #2 flow rate (helo deck) L/min
6 Pump #3 flow rate (hydro-lab) L/min
7 Seismic air pressure Lbs/sg-in
8 PIR case resistance (not currently hooked up, data is irrelevant) Kohm
9 PIR case ratiometric output (not currently hooked up, data is irrelevant)  |mV
10 Freezer #1 temperature °C

11 Freezer #2 temperature °C

12 Altimeter, OIS benthic (yoyo) camera; distance from the seafloor m

13 Transmissometer, OIS benthic (yoyo) camera %

*See page 24 for PIR calculations.
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Hydro-DAS (hdas)

08+4330:23:59:41.877 12.15836 14.22853 368.9655 4060.69 -1 65.5 65.5 80

57

Field |Data Units
1 RVDAS time tag

2 Supply voltage \

3 Panel temperature °C
4 Fluorometer mV
5 Transmissometer mV
6 Sea Water Valve (-1 = stern thruster valve, 0 = moon pool valve)

7 Flow meter 1 frequency Hz
8 Flow meter 2 frequency Hz
9 Flow meter 3 frequency Hz
10 Flow meter 4 frequency Hz
GUV Data (pguv)

08+4330:23:59:40.328 112508 235940
1.959E-4 1.637E0 4.153E-3 1.76E0 42.296 17.844

.000197 1.856E-1 1.116E0 4.987E-2 -

Field |Data Units

1 RVDAS time tag

2 Date mmddyy

3 Time (UTC) hhmmss

4 Ed0Gnd Vv

5 Ed0320 uW (cm”2 nm)
6 Ed0340 uW (cm”2 nm)
7 Ed0313 uW (cm”2 nm)
8 Ed0305 uW (cm”2 nm)
9 EJ0380 uW (cm”2 nm)
10 EJOPAR uE (cm”2 nm)
11 Ed0395 uW (cm”2 nm)
12 EdOTemp °C

13 EdOVin Vv

Remote Temperature (rtmp)
07+272:00:00:15.960 -1.7870

Field |Data Units
1 RVDAS time tag
2 Temperature at seawater intake °C
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Oxygen Data (oxyg)

Internal reference salinity is set to 34 ppt. For further information on this data, contact
Sharon Stammerjohn, sstammer@ucsc.edu.

11+011:00:21:48.109 MEASUREMENT 3835 1424 Oxygen: 334.01
Saturation: 90.71 Temperature: -0.78 DPhase: 37.65
BPhase: 35.95 RPhase: 0.00 BAmp: 212.13 BPot:

30.00 RAmp: 0.00 RawTem.: 788.05

Field |Data Units

1 RVDAS time tag

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

5 Oxygen heading text

6 Oxygen Reading UM

7 Saturation heading text

8 Saturation Reading %

9 Temperature heading text

10 Water Temperature °C

11 Dphase heading text

12 Dphase Raw numeric

13 Rphase heading Text

14 Rphase Raw numeric

15 Bamp heading Text

16 Bamp Raw numeric

17 Bpot heading Text

18 Bpot Raw numeric

19 Ramp heading Text

20 Ramp Raw numeric

21 RawTem heading Text

22 RawTemp Vv

Winch Data (bwnc, twnc, cwnc)

13+157:04:20:20.976 """A03RD,2013-06-06T04:20:29.352,BALTIC,00000236,-
00000.0,-00009.3,3306

Field |Data Units

1 RVDAS time tag alphanumeric
2 LAN ID alphanumeric
3 LCI-90i Date and Time alphanumeric
4 Winch Name alphanumeric
5 Tension Ibs

6 Speed m/min

7 Pay-out m

8 Checksum numeric
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Navigational Data /rvdas/nav

Seapath GPS (seap)

The Seapath GPS outputs the following data strings, four in NMEA format and two in proprietary
PSXN format:

* GPZDA
* GPGGA
*« GPVTG
* GPHDT
e PSXN, 20
¢ PSXN, 22
e PSXN, 23
GPZDA
02+4253:00:00:00.772 $GPZDA,235947.70,09,09,2002,,*7F
Field |Data Units
1 RVDAS time tag
2 $GPZDA
3 time hhmmss.ss
4 Day dd
5 Month mm
6 Year yyyy
7 (empty field)
8 Checksum
GPGGA

02+253:00:00:00.938
GPGGA,235947.70,6629.239059,5,06827.668899,w,1,07,1.0,11.81,M,,M,, *6F

Field |Data Units
1 RVDAS time tag
2 $GPGGA
3 time hhmmss.ss
4 Latitude ddmm.mmmmmm
5 N or S for north or south latitude
6 Longitude ddmm.mmmmmm
7 E or W for east or west longitude
8 GPS quality indicator, O=invalid, 1=GPS SPS, 2=DGPS,
3=PPS, 4=RTK, 5=float RTK, 6=dead reckoning
9 number of satellites in use (00-99)
10 HDOP X.X
9 height above ellipsoid in meters m.mm
11 M
12 (empty field)
13 M
14 age of DGPS corrections in seconds S.S

15 DGPS reference station ID (0000-1023)

16 Checksum
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GPVTG

02+253:00:00:00.940 $INVTG,19.96,T,,M,4.9,N,,K,A*39

Field |Data Units
1 RVDAS time tag

2 $GPVTG

3 course over ground, degrees true d.dd
4 T

5 )

6 M

7 speed over ground in knots k.k
8 N

9 )

10 K

11 Mode

12 Checksum

GPHDT
02+4253:00:00:00.941 $GPHDT,20.62,T*23
Field |Data Units
1 RVDAS time tag
2 $GPHDT
3 Heading, degrees true d.dd
4 T
5 Checksum
PSXN,20
02+4253:00:00:00.942 $PSXN,20,0.43,0.43*39
Field |Data Units
1 RVDAS time tag
2 $PSXN
3 20
4 Horizontal position & velocity quality: 0=normal, 1=reduced
performance, 2=invalid data
5 Height & vertical velocity quality: O=normal, 1=reduced performance,
2=invalid data
6 Heading quality: O=normal, 1=reduced performance, 2=invalid data
7 Roll & pitch quality: O=normal, 1=reduced performance, 2=invalid data
8 Checksum
PSXN,22
024253:00:00:00.942 $PSXN,22,0.43,0.43*39
Field |Data Units
1 RVDAS time tag
2 $PSXN
3 22
4 gyro calibration value since system start-up in degrees d.dd
5 short term gyro offset in degrees d.dd
6 Checksum
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PSXN,23

02+253:00:00:02.933 $PSXN,23,0.47,0.57,20.62,0.03*0C

Field |Data Units
1 RVDAS time tag

2 $PSXN

3 23

4 roll in degrees, positive with port side up d.dd
5 pitch in degrees, positive with bow up d.dd
6 Heading, degrees true d.dd
7 heave in meters, positive down m.mm
8 Checksum

Trimble (P-Code) GPS (PCOD)

The Trimble GPS, which formerly output Precise Position (P-Code) strings, but now only outputs
Standard Position (Civilian) strings, outputs three NMEA standard data strings:

* Position fix (GGA)
e Latitude / longitude (GLL),
e Track and ground speed (VTG)

GGA: GPS Position Fix — Geoid/Ellipsoid

01+4319:00:04:11.193 $GPGGA,000410.312,6227.8068,5,06043.6738,wW,1,06,1.0,
031.9,M,-017.4,M,,*49

Field |Data Units

RVDAS Time tag

$GPGGA

UTC time at position hhmmss.sss

Latitude ddmm.mmm

North (N) or South (S)

Longitude ddmm.mmm

East (E) or West (W)

N[OOI |—

GPS quality:
0 = Fix not available or invalid
1 = GPS, SPS mode, fix valid
2 = DGPS (differential GPS), SPS mode, fix valid
3 = P-CODE PPS mode, fix valid

9 Number of GPS satellites used

10 HDOP (horizontal dilution of precision)

11 Antenna height meters
12 M for meters

13 Geoidal height meters
14 M for meters

15 Age of differential GPS data (no data in the sample string)

16 Differential reference station ID (no data in the sample string)

17 Checksum (no delimiter before this field)
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GLL: GPS Latitude/Longitude

01+4319:00:04:11.272 $GPGLL, 6227.8068,5,06043.6738,W,000410.312,A*32

Field |Data

Units

RVDAS Time tag

$GPGLL

Latitude

degrees

North or South

Longitude

degrees

East or West

UTC of position

hhmmss.sss

Status of data (A = valid)

OO N[O~ |W|IN|—

Checksum

VTG: GPS Track and Ground Speed

01+4319:00:04:11.273 $GPVTG,138.8,T,126.0,M,000.0,N,000.0,K *49

Field |Data

Units

RVDAS time tag

$GPVTG

Heading

degrees

Degrees true (T)

Heading

degrees

Degrees magnetic (M)

Ship speed

knots

N = knots

Speed

km/hr

K = km per hour

= (=2 O|O|NO|O |~ |WN|—

=0

Checksum

Gyro Compass (gyr1)

00+4019:23:59:59.952 SHEHDT 25034,-020*73

Field |Data

Units

1 RVDAS time tag

$HEHDT

degrees

2
3 Heading, Degrees True
5 Checksum

ADCP Course (adcp)

00+4019:23:59:59.099 $PUHAW,UVH,-1.48,-0.51,250.6

Field |Data

Units

RVDAS time tag

$PUHAW

UVH (E-W, N-§, Heading)

Ship Speed relative to reference layer, east vector

knots

g~ W=

Ship Speed relative to reference layer, north vector

knots
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Field |Data Units
6 Ship heading degrees
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Processed Data /process/

pCO2-merged

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 V
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
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Calculations

The file instrument.coeff located in the / directory contains the calibration factors for
shipboard instruments. This was the file used by the RVDAS processing software.

PAR

Coefficients parc1 and parcv for this cruise can be found in the instrument.coeff file as
the variable labeled PAR, respectively. Variable par is the raw data in mV, as described in the
“mwx1” file description. The calibration scale and probe offset dark are values taken from the
PAR Cal Sheet.

par = raw data mV

calibration scale 5.8644 V/(uEinstiens/cm2sec)

parcl = 1 / scale = .17

probe offset dark = -.1 mV

parcv = dark x 1000 mv/V = -0.0001 V

((par / 1000 mV/V) - parcv) x parcl x 10000 cm2/m2 = uEinstiens/m2sec

Calculations (extracted from the C code):

/* Convert from mV to V */

par /= 1000;

/* (par V - vdark V) / Calibration Scale Factor V/uE/cm2sec */

parCalc = (par - parcv) * parcl * 10000;

PSP

Coefficient pspCoeff for this cruise can be found in the instrument.coeff file as the
variable labeled PSP1. Variable psp is the raw data in mV, as described in the “mwx1” file
description.

psp = raw data mV
calibration scale = pspCoeff x 10"-6 V/(W/m2)
psp / (scale x 1000 mV/V) = W/m2

Calculations (extracted from the C code):
/* Convert from mV to W/m*2 */

pspCalc = (psp * 1000 / pspCoeff);
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PIR

Coefficient pirCoeff for this cruise can be found in the instrument.coeff file as the variable
labeled PIR1. Variable pir_thermo is the raw data in mV, pir_case is the PIR case temperature
in Kelvins and pir_dome is the PIR dome temperature in Kelvins, as described in the “mwx1”
file description. Hard-coded “C” coefficients are shown below:

Dome constant = 3.5

Sigma = 5.6704e-8

pir thermo = raw data mV
calibration scale = pirCoeff x 10"-6 V/(W/m2)

pir thermo / (scale x 1000 mV/V) = W/m2

Calculations (extracted from the C code):
/* convert mV to W/m"2 */
pirCalc = (pir thermo * 1000 / pirCoeff)
/* correct for case temperature */
pirCalc += sigma * pow(pir case,4)
/* correct for dome temperature */

pirCalc -= 3.5 * sigma * (pow(pir dome, 4) - pow(pir case, 4))
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Acquisition Problems and Events

This section lists problems with acquisition noted during this cruise including instrument failures,
data acquisition system failures and any other factor affecting this data set. The format is
ddd:hh:mm (ddd is year-day, hh is hour, and mm is minute). Times are reported in GMT.

Start

End

Description

~06:00 June 24, 2013

Data collection started

~19:00 June 26,2013

~02:00 June 27, 2013

Permit questions

~08:00 July 15, 2013

~17:00 July 15, 2013

Within 12 miles of coast

~04:00 July 22, 2013

Stop Data collection
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Appendix: Sensors and Calibrations

Sensor Serial Number Last Cal. Comments

Meteorology & Radiometers
Stbd Anemometer (Gill US) 847014 9/29/2010 Installed 11/17/2010
Port Anemometer (Gill US) 924057 11/18/09 Installed 3/5/2010
Barometer 01706 2/12/2010 Installed 5/9/2013
Humidity/Wet Temp 06733 7/20/2011 Installed 5/9/2013
PIR 33023F3 7/20/2011 Installed 4/7/2013
PSP 33090F3 7/19/2011 Installed 4/7/2013
Mast PAR 6356 8/4/2011 Installed 7/30/2012
GUV (Mast) 25110203113 7/29/2011 Installed 7/31/2012
Underway
Micro-TSG #1 4546167-0242 12/29/2012 Installled 5/9/2013
Micro-TSG #2 4566350-0389 10/20/2011 Installled 9/7/2012
Digital Remote Temp (Primary) 3846730-0178 9/21/2012 Installed 5/9/2013
Oxygen Optode 3835-1424 10/21/2010 Installed12/30/2010
Fluorometer AFLD-009 9/12/2011 Installed 12/24/2012
Transmissometer CST-1316DR 12/6/2012 Installed 5/13/2011
CTD
CTD Fish 1130 12/11/2012 Installed 5/13/2013
CTD Fish Pressure 120089 12/11/2012 Installed 5/13/2013
CTD Deck Unit 11P19858-0490 | N/A Installed11/8/2007
Slip-Ring Assembly 1.406 N/A Installed 3/27/04
Carousel Water Sampler 3214153-0140 N/A Installed 5/13/2013
Pump (primary) 055643 3.0K 11/28/2010 Installed 5/13/2013
Pump (secondary) 055641 3.0K 11/28/2010 Installed 5/13/2013
Temperature (primary) 03P5730 11/13/2012 Installed 5/13/2013
Temperature (secondary) 03P2438 8/22/2012 Installed 5/13/2013
Conductivity (primary) 043503 6/17/2011 Installed 5/13/2013
Conductivity (secondary) 043505 6/17/2011 Installed 5/13/2013
Dissolved Oxygen (primary) 430082 8/21/2012 Installed 5/13/2013
Dissolved Oxygen (secondary) 430139 8/17/2012 Installed 5/13/2013
Fluorometer FLRTD-397 11/15/2012 Installed 5/13/2013
Transmissometer CST-892DR 12/5/2012 Installed 5/13/2013
PAR 4721 10/26/2012 Installed 5/13/2013
Altimeter 42434 N/A Installed 5/13/2013
Bottom Contact Switch #3 N/A Installed 5/13/2013
Mocness
Pressure Sensor 178 11/18/2010 Installed 5/15/2013
Temperature 031541 2/27113 Installed 5/15/2013
Conductivity 041431 7/25112 Installed 5/15/2013
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Gravity Tie
Gravity Tie Spreadsheet
The fields outlined in BOLD MUST BE FILLED IN for this spreadsheet to operate
properly. The automatically calculated values show up in the shaded fields.
Date:  [11/5/2013 | Reference Code Numbers:
Location: Punta Arenas, Chile Station no. 1 9337-50
Station:  Harbour Admin. Bldg. ISGN no. 51230N

Latitude: 53 09 S
Longitude: 070 55 W
Elevation:

Gravity: 1 981320.82

Value Time (GMT)

Ship's meter before gravity tie ( Gravity (cu) ) 8778.5 19:14
Ship's meter after gravity tie ( Gravity (cu) ) 8778.6) 20:42
Average F

Ship Gravimeter's Calibration Constant
Corrected ship's meter (QC Grav (mgal))

Value Time (GMT)

Ship's meter before gravity tie (serial, RVDAS) 8777.5 19:15

Ship's meter after gravity tie (serial, RVDAS) 8777.9 20:42
Average (for comparison check only)

Portable Gravimeter Interval Factor 1.01007|From Table 1 of Model G #807 Meter

Station Value Time (GMT) Temp Date

OBS mgal,
Pier measurement 1 4918.35|  19:26 54 November 5, 2013 | @veraged

Pier measurement 2

Pier measurement 3 November 5, 2013

Average

OBS mgal,
Station measurement1 | 4919.07) 1943 [ 54 | November 5, 2013 averaged
Station measurement2 ) 4919.09) 1945 ] 54 _|..November 5, 2013
Station measurement 3 4919.16 19:47 54 November 5, 2013
Average <

OBS mgal,
November 5, 2013 | averaged

Pier measurement 4

Pier measurement 5

November 5, 2013

Pier measurement 6
Average

Gravity offset from last tie
Drift since last tie

Comments

OBS Differences
Station to Pier (1, 2, & 3 averaged)
Station to Pier (4, 5, & 6 averaged)
Averaged Differences
Gravity at pier
Elevation of pier above gravimeter, meters 0.0
Earth differential gravity, mgal/meter
Gravity at ship's gravimeter
Gravity Offset (for RVDAS)

Tie performed by George Aukon and Barry Bjork. Conditions
average.

Note about Elevation of Pier: If pier is below the ship's gravimeter, this value is negative. If above, positive.
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Bridge Anemometer

RM Young Anemometer Calibration, Model 05106

S/N:[45835 Date:[27-Sep-04 | Cal'd By:[W. Gallagher |
Clockwise | Calculated | Measurod
Cal Motor | Windspeed | Windspeed Moasured Delta
APM més mis Delta m/s Knots Direction | Dwection | Direction
0 0.00} 0.0 0.0 0.0 0 0 0
200} 0.98 0.9 0.1 1.9 30] 28 2
500] 2.45 2.3 0.2 48 80] 59 1
1000| 4.90 4.8 0.1 9.5 90 89 1
1500] 735] 73 0.0 14.3 120] 118 1
2000] 980 97 0.1 19.0 150] 150 0
3000] 14.70] 147 0.0 28.6 180] 180 0
4000] 1960] 197 -0.1 38.1 210] 210 0
50000 2450] 246 -0.1 47.6 240] 240 0
5000 2940] 287 -0.3 57.1 2701 270 0
7000] 34.30] 347 -0.4 66.6 300 300 0
8000] 39.20] 39.7 0.5 76.2 330] 330 0
9000] 44.10] 447 0.6 85.7 of o© 0
10000]  49.00] 496 -0.6 85.2
12000] 58.80] 596 -0.8 114.2 | Note: Deilta direction should not
exceed + or - 3 degrees.
Counter
Ciockwise | Calculated | Measured Caution: Do Not exceed 12000 rpm during Wind
Cal Motor | Windspeed | Wndspeed Speed tesl.
APM m's m's Delta m/s
0 000f 00 0.0 Wind Speed Threshoid < 2.9 gm? 05
200| 098] 08 0.1 Wind Direction Threshold < 30 gm?| ves
500] 2.45 2.3 0.2
1000} 490] 49 0.0
1500] 735] 73 0.0
2000} 980] 98 0.0 l. Additional Comments
3000] 14.70] 147 0.0 Instaied new housing assy.and wind
4000l 19.60 198 0.2 owecton coupling, Adjusted clearence on
5000l 24 50 24.7 0.2 wind direction potantiometer thumbwhee!
6000} 2940] 298 -0.4
7000} 34.30] 347 0.4
8000] 39.20] 397 0.5
9000] 44.10] 447 0.6
10000 49.00] 49.7 -0.7
12000] 58.80] 596 -0.8

Note: Delta Windspeed should not exceed
4 or- 0.3 m/s for 0 - 5000 rpm
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Mast Barometer

R.M. Young Company
1800 Asre Purk Drive
Trwesrse Ciry, Michigan 49686 LSA
WORLIPCS
LALIBRATION REPORT
Barometric Pressure
Customer: Raytheon Technical Services Company LLC

Test Number: 2120-018 Customer PO: RRB4145-01
Test Date: 28 January 2012 Sales Order 2430

Test Sensor:
Model: 81201 Serial Number. BPOHT06

Dwscription: Baromedric Pressure Sensor

Report of calibration comparison of st barometnc 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)

Pressume Output Pressure
(h¥a) {milivolts) (hFa)
800.0 o 800.0
8750 1251 875.0
850.0 2501 850.1
1025.0 3750 1025.0
1100.0 408 10060

(1) Calculated from voltage output

All mference equipment used in this calibrafion procedure have been tested by com parison o traceable
standands certified by the Mational Insfitute of Standards and Technology.

Ralerence ingtrument Serial # NIST Test Raference
Druck Pressure Controller Model DPI515 51500407 UKAS Lab 0221
Fluke Mulimeter Model 80604 4885407 234027

Tested By CE’-C—LW‘-M-&A-W&____

METEOROLOGICAL INSTRUMENTS

Tei: 201-546-3980 Fax 2V1-546-2772 Emalt Ml EUSEEYOUNGUEL COM Webaite: JOURGUEDL SO
150 000122008 CERTIFIED

Antarctic Support Contract 36 United States Antarctic Program



Data Report

NBP1305
Mast Humidity Sensor
R.M. ¥oung Company
M1 Lamrrs Bark Fiiron
Trapews s, H L gan APEEE 153
WFLFNTE
Relative Humidity
Custornar: Faytheon Tectircal Sendoes Company LLC
Tesl Mur-ia: “TEI-IR Castomer PO RRG9834-01
Toal Date: 29 Juby 2017 Bados Crdar, 2040

hodcl: $137ELC Seria Mumber: TSHEF3T
Caac-iplion: Temosraty s/Raladiva Humic ity Seaser .

Reaor o calibration compariacn of lest relative humidity seasor with Malicnal Institute of Stardards and
Tech ology traceable standard relstve humidity sensor at Awe huridily kves in lha B0, Young Sompany
conbubed humnidity chamber facilily. Calibalion accunacy L 2.0 %

Teference ~ Curret Wrd cated (1)
Huimicity Dl Husrnidlity
%) i WEarmps | "]
101 5.8 M".7
H01 a8 041
500 122 51.0
TO1 153 Ti.H
GO0 18.1 &r.a
(1) Caculatad from valage outpul . I Ny

Al vefeoncy ocuipment usod in ks calibreteon procedurs Pave bean L2sied by Compansan o raconie
stomdards certitoed by the Metonal Instiute of Sendards and Technoloyy.

Fieferencs nstiu ment Sedali MIST Test Raference
volso o Sumidicy Bensar Modol 35405 FALTBOAD T 2655152
Fluke Mullimetar Modeal 80034, ADSEACT 2M027

Tesmmd By: é C—M}_i

METEOQRCLOGICAL INSTRUMERNTS
Ta: PSS90 Fay ER1-S43ATIE Srainelsa oD v ngLsa S eessike YOUNCUSE T
0 0ol CERTIFIED
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Mast Temperature Sensor

RH. Yourg Company
1531 Aewlbark Drise
Traverss Oy, Midhnn $9ube USS

YOLUMNG
CALIBRATION REPORT

Temperature

Cuslormers Rayihecn Tochnical Sendoes Company LLC

Test Numbes: 1720-007 Cuslermer PO RRS5D14-01
Taat Date: £0 July 2041 Salsa Order: 2040

Tast Bangor:
Model- 4137215 Eerial Mumber. T308733
-

Descriplion: Temperaturs/Ralative Himidity Sa s

Tapon of ca-braton compariscn of kst e mperalure sengor wilh hationsl Inssivte of Stendamds and
Technalkey trecestle standerd thamometers at frae =mpersiuras in tha 8L Y aung Company sontroled

=mepe-atuta calbration bath fac’itise. Calibration accuracy = 0.1 Calslus

Baih Gurent Irdicated (1)
Tamperature Culpra: Tormpcea ne
imillie nps) {dagrses G}
-42.91 4008 R84
] 12,007 004
' 80.08 20013 50,08

{1) Calaulated tom curent sulpus

Al refarance equipment used In this callbraton procedure have been tested by comparieon i traceable
slandards gertied oy tha Natiore' Inatitute of Swndards and Teshnology.

Refeenes nstnimeant Serisl # MIST Te=l Refersmce

Brack ¥ Thermometer Model £3-FC BOG 118 20365
Brack yn Thermometer Modol 22332-05-FC 25071 249THS
Brook yn Thermomeder Model 2X400-D7-FC TTE3Z 228060

156232 234027

Keithley Mutimeter hModal 151

Teslad By: &C—L\JNM
p

oL ICAL INSTRULMENTS
R ko 231-E1EATTE Ewci st E @B B 0INDUSI 0 Yialkila pruncusa.com
150 BN 12078 CERTIFIED

'1 . Ii
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Mast PIR

THE EPPLEY LABORATORY, INC.

12 Shetlwel! Avenus, PO Bex 419, Sowport, Rhode Island (JSA 02840
Phoe: 400 847 102D oo SULRAT 1051 Tnadl: infosgeppl2ylab.com

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER
Model PIR
Suriai Number: 33)23F3
Resistancz: 739 € ar 23°C

lemperamure Conmensation Runge: -207 w0 —40°C

This pyrgeomeler has begn compared agoinst Eppley’s Blackbody Calibration Systern under
radiation Intensities of appreximatcle 2K walls reter™ and an zverage ambizot temperamee of
28°C e messweed by Sandard Omepa Lempemature Probe, RIS

As a resul: of a serics of comparnisons. i has boen o 1o have 4 seasitivity ar

185 « 07 volsfsears meter”
The cacularion of this corstant is based on the fact that the relativnship belwoun radiubion
intensity and omd is reesilinenr 1o imensities of 0 wals meter™, This iadioneter is lincar to
within 1.0% up to this inrensity.

Fhe culibeation of this axtrument s eaccable o the Tntemnational Practical Temperature Scale
(118) tarough a prockson low-teoperature blackbody,

Fppley recoromends @ winimum calibmlion oxcle of live (53 yews lut enceurages annual
calibrations for highest measuremr=nt accurucy. Unless otherwise stated in the remarks section
below or on the Sales Order, the rewes are “AS FOINND F AS LEFT™.

Shipped to:  Ravtheen Polar Scrvices NST Date of Tesa: Tulv 20, 2011
Port Hucneme, CA o /s oy
" : In Charge of Fest: 4‘,;/1"5{.{" A Sparts,
S.00 Number: 63090 : g /
Date: July 28, 2011 Revicwed by: =77 X g e
flhomtdle e 7 J | €2-F

Rennrks:
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Mast PSP

THE EPPLEY LABORATORY, INC.

12 Shethiald Avenuy, PO Boax 119, Newport, Rhode 1/and USA 02840
Phooe: 407 847, 1020 e 4018770001 Emails ivfoeppleyin com

STANDARDIZATION OF
EPPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP '

Scrigl Number: 2309075

Resistamess 700 £2 ar 23°C
Tempermure Camosnsation Rasge: =07 ke +Ho'C

This radiomeler has been compand with Standurd I'recision Spectral Pyvramamuter, Serial
Number 21231F3 in Bppley's Integrating Harisphers wader mdintor  intensitivs  of
appresimately 700 wals meter uouoal\ one Lzl la solar consiand.

As 2 result oF 4 series ol comperiscns, it has been found 1o bave a sensitivity of:
$.03 x W0 vetsawalis meles”

The calenlation of Uis coastant is hased on the fact that the r\,lmlo nship between radistion
intensity und emf is rectifinea: to imtensitivs of 1400 watts n el=r=. 'This radiometer is lincar to
within £ 0,5% up 1o this infensity

‘The calibration of this ipstzurent is tuceable 1o stamdand self<cal’brating cavity pyrhclion‘cier\ in
terms of the Systens Internationale des Unites {81 uniws), which |1arln_|;nwd in the Tenlh
Tnternaienal Pytheliometric Comparisons (TPC X3 at Davos, St witzetland in Seplember-Octobsr
2005,

Eppley recommends a minimim celibration avele of five (5} vears but encourages annual
calibrations for highest measurement avcuracy. Unless atherwise “taed in the remarks seclion
below or an the Saies Order, the resulis are “AS FOLIND ¢ AS LRFL™.

Tiseful coaversion fets: 1 cal em * min™! — 6973 watts meter”
IS k'~ 353 walts meter 2

Shipped to:  Rayshoen Polas Services NST Duate o " Tesa: July 19, 2011
Port Hucoeme, CA /
I Charae of Tos!: /‘.7/'!") /f 5 .(/(»?
S.0. Number: 63091 _‘____/ ) / ;
Dale: July 28, 2011 Revicwed oy: Z Lo }7 Ssly
Remarks:

)
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Mast PAR

Biospherical Instruments Inc.

Calibration Date
Model Number
Serial Number
Operator
Standard Lamp

8/4/2011
QSR-240
6356
TPC
GS-1024(7/22/11)

Probe Excitation Voltage Range:

Output Polarity:

Probe Conditions at Calibration(in air):

Calibration Voltage:
Probe Current:

Probe Output Voltage:

Probe llluminated
Probe Dark

Positive

Probe Net Response

RG780

Corrected Lamp Output:

CALIBRATION CERTIFICATE

PAR o Mt

6 i 18 VDC(+)
6 VDC(+)

s mA

97.2 mV

0.1 mV

97.0 mV

0.3 mV

Output In Air (same condition as calibration):

Calibration Scale Factor:

9.298E+15
0.01544

quanta/cm?sec
uE/cm®sec

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

Dry:

Notes:

1. Annual calibration is recommended.

1.0436E-17
6.2847E+00

Vi(quanta/cm?sec)
V/(uE/cm?sec)

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.

QSR240R 05/24/95
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Mast GUV
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Underway Oxygen Sensor

7/:¥:Y=]] CALIBRATION CERTIFICATE

Form Ko 622, Dec 05

AANDERAA DATA INSTRUMENTS Page 1 of 2
Sonsing Foll Batch No: 5000 Product: Oxygen Optoda 3835
Canificate No: Serial No: 1424

Calibration Dase: 21 Octobar 2010

This is o certify that this product has been calibrated using the follow ing instrume nts:

Calibration Baih model FNT 320-1-40
ASL Digital Thermometer mode] F250 Serial; 679206
Parameter: Internal Te mperature:
Calitration points and readings:
Tempersture ("C) L17 1212 . un 36,08
Reading (mV) TILD 383,95 -11.29 -379.10
ivimg these coeiTicients
Index 1] 1 ] 3
TempCoef 2. 37613ED1 -LO8128E-02 | 28473%E-06 | -415311E-09
FParameter: Oxypgemn
02 Concentration A Saturation
Range: 0-500 M 0- 120%
Accuracy - « +BuM or 5% (whichever is greater) | +5%
‘Resolution: = | pM < 04%
Setiling Time (63% ) « 25 seconds
Calibration points and resdings™:
Air Satwrated Waler Zem Solution (Na504)
Phase meading (") 3. I7669E+01 GESSISE+DI
Tempersture reading ("C) | 99091 KE+00 20477 4E+DI
Air Pressure (hPa) 0 T6EEAE 02
Giving these coviTiclents
Index 1] 1 2 3
PhaseCoef -4 44978E00 LITI3IEDD 0ODDDDEDD (DL ODDONEND

" Valid for 0 1o 2000m (6562 deprh, saliniry 33 - 37pp
*the calibrarton is performed i fresh waier and the salinicy seiiing ix w1 io: 0

AANOEIAL DATE NSTRUMENTS 2B

0A59 BERCEN, JORWAY Tel, =47 B0 A0 <8 0O P, =47 2560 48 01 Eoral; ricfhasdlng

WAk e e 888 0

Antarctic Support Contract 44 United States Antarctic Program



Data Report

7/:¥:\=T] CALIBRATION CERTIFICATE

Form o 677, Dec 3005
AANDERAA DATA INSTRUMENTS

Page 2ol 2
Sensing Foll Batch No: 5000 mmamnmms
Cenificate No: Serial No: 1424

Calibration Dase: 21 Octobar 2010

SR10 Scaling CocfMickents:

At the SRI0 outpat the Oxygen Optode 3530 can give either absolule oxygen concentration in pM or air saturation in

. The setting of the inkermal property “Ouatput™ N controls the selection of the unit. The coeffickents for comverting
SR10 raw data (o engineering units are fized

Output = -1 Output = -2

A=0 A=0D

B = ABRIE-01 B= 1465E-01

C=0 C=0

D=0 D=0

Onygen (UM = A + BN + CNZ + DN3 Oxygen (%)= A + BN + CNZ+ D3

"The defanlt outpul setting is set o -1

Date: 22 October 2010

T Dt Hinlimay

P 4 hent Ko e Gl Dl sor Do it

AANDEIAL DATA MSTRUMNENTS &5

0A59 BERCEN, NORWAY Tel, =47 00 A0 42 0O P, =47 2560 48 01 E.iral: riafhasdl no Wl b s 2580 0
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Underway Micro-TSG number 1

Sea-Bird Electronics. Inc.

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

SENSOE SERTAL NUMEFR - (1742
CALIBRATION DATE: 29-Dec-12

COEFFICIENTS:
g = =-9.992296e-001
h = 1.524743e-001
i = —4.722990&-004
j = B.065458e-005

SBE 45 CONDUCTIVITY CAl TRR ATION DATA
P35 1978 C(35.15,0)= 42914 Siemens/meter

CPoor = -9.5700e-008

CTeor =

3.2500e-006

WBOTC = —-0.0000&+000

BATHTEMP BATHSAL BATHCOND INSTFRED INST COND RESIDUAL
(IT5-90) (PSLN { Sieme mi/m) (Hz) { Siemensin) (Siemenuin)
22 o000 0.0000 0.00000 2566 .82 0.0ooo000 0.Doo000
1.0000 34.8118 2.97562 5119.70 2.97561 -0.00001
4.5000 34.7917 3.28263 5313.24 3.28264 0.00001
1%.0000 34.7487 4.26420 SAEA.60 4.26420 0.00000
18.5000 34.73594 4.60927 EOTT.64 4.60927 0.00001
24 .0000 34.7293 5.16711 E3T1.04 5.16711 =0.00001
29 ._0000 34.7238 S5.688&T E633.34 S5_GEEEG -0.00001
32.5000 34.7207 6.-.06120 6B14.13 6-06121 0-00001
= INST FREQ * sqra( 1.0 + WBOTC * 0/ 1000.0
Conductivity = (g + " +if’ +]1*)/ (1+ §1.+ ep) Siemensmerer
i = temperaiure [*C) |, p = pressure[decibers]; § = CTeor; & = CPeor,
Residual = instrument comdwcitivity - bath conducti vity
0.004
0.002 ,f#
D.[Iﬂﬂ—i"""’f i

Residual, (S/m)

-0.002

-O_Dﬂll-llll

2 3 4 5
Conductivity (Siemans/m)

Date. Slope Comection

31-Aug-10 099096548
28-Dec-12 1.0000000
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NBP1305
Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabind@seabird com
SENSOR SERTAL NUMRBER - (1747 SBE 45 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 29-Dec-12 ITS-90 TEMPERATURE SCALE
ITS-90 COEFFICIENTS
al = 4.555848e-005
al = 2 _T733778&-004
a2 = 2 _324224&-006
ai = 1.499077&-007
BATH TEMP INSTRUMENT INST TEMP RESIDUAL
(ITS-90) OUTRUT (ITS-90) (ITS-50)
1.0000 E49B16.0 1.0000 o.oooo
4 .5000 554BB3.5 4.5000 —-0.0ooo
15. 0000 352327.7 15,0000 -0.0000
18. 5000 304717.7 18.5000 n.0000
24.0000 244011.0 24.0000 0.0000
29_ 0000 200&602.2 29,0000 =0.0000
32.5000 175476.8 32.5000 o-0000
Tempersure ITS-90 = 1720+ 21[inin)] + a2{in (n)] + 53k 01} - 27215 °C)
Residual = instrument temperature - bath te mperaiure
Daie. Delm T (mdeg ©)
0.02 31-Aug-10 0.24
20-Dec-12 0.00
0.0

Residual, (Degrees C)
=
8

i o S i .-
-0.01
pozdLtevv leve vttt
-5 5 10 15 20 25 30 35
Temperature, Degrees C
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Underway Micro-TSG number 2

(]
Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
- Mhene: {10 425-643-6358 Fax (+7) 425 643-5854 E~ail: veab -JtPeeatsnd.com
Micro TS G
SENSOR STRIAL NURIBER 1035 SBB AS CONDUCTIVITY CATIRRATION DAaTa
CA_IBRATION DATE 20Det-1 1 PS5 19T Ok, 2 00 = 0 30 14 Siemomine i er
COCTFTICITNTS:
f = =%, 20040 | p=id hegy = R ETED-0NR
I T oAEEE De- DL ZTzor - AL LI
1= = [ L 1 a7
1= b
BATHTEME  RATIISAL HAIHCOND INSTFREO  [NSTOOND AESIDUAL
ITASN L (Sierwenns T N[ H]] ‘Elaraemaio; (Eimimeni;
22,3057 3. =0 T [ | T | 202451 oL 0TI J.00 72D
| |+ 2L_FF1p 2.78%35 G244.92 2,55436 | e
£, 300(¢ y ) Kl 3i¥ 2 EvLE =i.0CICD
£, 1994 2, LH P 1,278, P | e e
R Aaeny -, hzl 1.k -
27 INDT i 9 E we
2% _ 0L 1 [ _ =3
3=, 2005 Gy GUWEZ -1 € -
2= [KSTTRIQ # sgri™ A= WRBOTE * s D30
Clondactisaly = (g -!:t;' +ir +_|.‘",| A0l =& e Blomoraveeisr
= g [ CY) p= presscrzfdecizamf; =L vor, g =P

Regide” — rehpert soedactivicy bara saeductivicy

Fute, 5 g Cueneztlun

“-““9'—] ' 55 AN T L@ | 20-Oct11 10005300
.5.:|01 FRETIEIINE] PR wEar—— -y
E .00 ‘ A e B et T
L |
=
=
4
T .0.0m =0 -1
LT 17 o) NI T I R W N A I | I (R
1] 1 2 3 4 = [ ¥

Corducivily (Siemeanem;

el
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NBP1305
Sea-Bird Electronics, Inc.
. 13431 NE 20th Street. Bellevue, WA 33005-2010 USA
= Sherw: |=1) A28-5¢ 10888 Fan -1} A25-843-0084 Email soabirdisost 10 com
Micws TSG
FENECT SERIAL KINEER: 9530 ZHE 15 TEMPFRATURE CALBRATION JaTA
CALIGE STICTN PATTFE: 30 O, 17 Tra-M0 TEMPTEREATI R 8Al K
TTR-C0 COESFICTENTS
at = o, uHL w0
Al =« 2,.58:21%57=-53]
BATH TEM? [NSTRUMENT ST TEME RESTIAL
q!']‘?i.l.l’!-} chrmwmn {\II.] Sy HH‘S-!N','I:
» d o | 1 e £.8321
], 4395 E I |
15. 526D e | oS
13,5730 L P
40007 23, Fa9s G .03,
220N BRITNT. FEREETE] -,y
3z st PRIFeR, 5 g e | ) [HIN B
Trxperamre [T500 - Lal | nl[tein? = 2200 )] a3lia'tu]) - 25315 0
Foabdieal = | NAULIE Y fRperneer: - bath minperntase
Pty Dl a1 fradug 200
= R ) T @] 20-Oat1t 060
i e "
o |
§ .00 - g I Wl ey il »
=
=
=
E ~2.014—
_Qm 1.1 1 L1 ||i||| | | Ly i Jigc
-5 ] 5 12 15 20 25 a0 35

Temperaiure, Degreas C

e
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Underway 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: seabind@seabird com

SENSOE SERTAL NUMEFR - (178
CALIBRATION DATE: 21-Sep-12

ITS-90 COEFFICIENTS

al = -4.740793e-003
al = 2 _B20902e-004
a2 = —2_754939%—006
43 = 1.6581819%e-007

BATH TEMP
(ITS-90)
-1.50000
1.00000
4.50000
8.00000
11.50000
15.00000
18.50000
21.99990
25.50000
28.99950
32.439%90

INSTRUMENT
OUTFUT
T50879.
671250.
575382.
494802,
426843,
369343,
320537.
278981.
243494,
213101.
186993,

W W D0k WO h DD

SEE 38 TEMPERATURE CALIBRATION DATA

IT5-90) TEMPERATURE SCALE

INST TEMP RESIDU AL
(ITS-90) (ITS-90)
-1.49997 0.00003
0.9999% -0.00004
4.49998 =D.000D2
7.9999% =0.00001
11.50002 0.00002
15.00002 o.ooooz2
18.49998 -0.00002
21.99999 0.o0oo00%9
25.49993 =0.00007
28.99962 -0.00008
3249996 0.00006

Temperse TTS-00 = L0+ 81[lein)] = 22[x ()] + £3[k )]} - 27315 (°C)
Residual = instrument temperaturne - bath te-mperatune

Date, Dels T {mdeg ©)
0.02 26-Jan-10 -0.02
21-Sap-12 0.00
0.0
o
-
o
g 0.00 it & — & i —
g
4
-0.01
.02 1111 [ [ | || 11110 1111 111l 1111
-5 0 5 10 15 20 25 30 35
Temperatura, Degrees C
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NBP1305
Underway Fluorometer
PO Box 518 . & (541) 929-5650
620 Applegate St ) r Fax (541) 828-5277

Chlorophyll Fluorometer Characterization, New Proxy .

Date: 09/12/2011
Serial #: AFLT-009

Jobs: D606

Tech: SML

Dark Counts 0.193 vaolts

CEV 1.429 volts

SF 19.29

FSV 5.36 volis

Linearity: 0.999 R* (0-1.5 volts)

0.995 R* (0 5.45 volts)

Notes:
Dark Counts: Signal output of the meter in clean water with black tape over detector.

CEYV is the chlorophyll equivalent voltage. This value is the signal output of the
Nuorometer when using a Muorescent proxy that has been determined to be approx imately
equivalent to 24.63 pg/l of a Thalassiosira weissflogii phytoplankton culture.

SF is the scale factor used to derive chlorophyll concentration from the signal voltage
output of the flvorometer. The scale factor is determine by using the following equation:
SF=(24.63)/ (CEV — dark) e.g.(24.63 /(1.429 - 0,193) = 19.29)

FSV is the maximum signal voltage output that the fluorometer is capable of.

Chilorophy || concentration e xpressed in gl (mg'm’) can be derived by using the following equation: (ug/l)
= (Vmeasuned -dark) * SF

The rlationship berween flnoresence and chlorophyll-a concentrations in-sim i high variable. The scale
factor listad on this document was determinad by using 3 mono-culture of phy toplankton (Thalassiosira
weizsflogi). The population was sssumed io be reasonably healthy and the concentration was delermined
by using the absorption me thad. To sccurately determene chlo Il concentrution using & Auorsmeter
you must perform secondary messarements on the populations of inerest. This is typically done using
extraction based measureme nt echniques on discete smples. For additional information on de terminstion
of chlorophyll concentration see | Standard Methods For The Examinstion Of Waer And W astewater] pant
10200 H published pointly by: Amencan Public Health A ssociation, American W ater Works Association
and Water Environment Federation.
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NBP1305
PO Box 518 (541) 020-5650
620 St Fax (541) 528-5277
Philomath OR 97370 hitpwwes wetlabs com

Chlorophyll Fluorometer Pre-Characterization, (ld Proxy .

Date: 09122011

Serial #; AFLT-009

Johs#: L

Tech: SML

Dark Counts 0,193 volts

CEV 2,372 velts

SF 10.142

FSV 5.36 volts

Linearity: 0.999 R* (0-1.5 volts)
0.995 R* (0 5.45 volts)

Motes:

Dark Counts: Signal output of the meter in clean water with black tape over detector.

CEYV is the chlorophyll equivalent voltage. This value is the signal output of the
Nuorometer when using a Muorescent proxy that has been determined to be approx imately
equivalent to 221 pg/l of a Thalassiosira weissflogii phytoplankton culture.

SF is the scale factor used to derive chlorophyll concentration from the signal voltage
output of the flvorometer. The scale factor is determine by using the following equation:
SF=(22.1)/(CEV - dark) e.g(22.1 /(2372 -0.193) = 9.516)

FSV is the maximum signal voltage output that the fluorometer is capable of.

Chilorophy || concentration e xpressed in gl (mg'm’) can be derived by using the following equation: (ug/l)
= (Vmeasuned -dark) * SF

The rlationship berween flnoresence and chlorophyll-a concentrations in-sim i high variable. The scale
factor listad on this document was determinad by using 3 mono-culture of phy toplankton (Thalassiosira
weizsflogi). The population was sssumed io be reasonably healthy and the concentration was delermined
by using the absorption me thad. To sccurately determene chlo Il concentrution using & Auorsmeter
you must perform secondary messarements on the populations of inerest. This is typically done using
extraction based measureme nt echniques on discete smples. For additional information on de terminstion
of chlorophyll concentration see | Standard Methods For The Examinstion Of Waer And W astewater] pant
10200 H published jointly by: Amercan Public Health Association, American W ater Works Association
and Wader Environment Federation.
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NBP1305

Underway Transmissometer

PO Box 518 (541) 8205850

20 Applegate St Fax (541) 020-5277

wmon  WET@E)Labs e
C-Star Calibration

Date December &, 2012 SiNE CST-13160R Pathlength 25 cm

Analog output Digital output

Vg 0.008 ¥ 0 counts

Vi 4804 V 15733 counts

Vit 4705V 15405 counts

Temperature of calibraton water 20.0 "C

Ambient temperature dunng calibration 20.8 *C

Relationship of transmittance (Tr) to beam attenuation coeficient (c), and pathlength (x. in metersy Tr=e

To determine beam transmittance: Tr= [Vag - Vass) 7 (Ve = Vi)

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

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

Vo  Meier oulput in sir with & clear beam path.

Ve  Meter output with cean water in the path.
Temperature of calibration water: temperature of clean water used o obtain V.
Ambient temperature: meter temperature in air duning the calibration.

Vg Measured signal output of meter
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NBP1305

CTD Fish and Pressure Sensor

Digiquartx Pressure Calibration dP/dT Carrected Coelficieats
(Changed cocfficients are posted in italicy)

SEA-BIRD ELECTRONICS, INC,
13631 NE 20" 81, Telheviee Waslinguo 98008 USA

Pressure Transducer Scrial Number: 120089
Uriginal Calisrativn Date: 201 1-01-28
Date of Corrcction: 2012-12-11
Installed in: SBE SPlis S/N 1120

PRENSSURE COLFFICIENTS

cI
c2
C3

D1
2

~JIINT.7H
149067 85e-01
LOUF3e-02

LLLVEE 2K )
0.0

Jon2rs
~2.774195e-04
A.296e-06
1.75442¢-0%
0c+00

ADSOOM = 0.01281
ALS90H - 5 X19108
Slode = LD
Offscr=0.0

psia
peialdeg €
psiaideg O

Phone: (125) 613-9800 Fax: (425) 64320054 Lmail; seahinl@seahivd 2om

Conocted a1 Sca- Bird Electrenics a8 per Paroscic atific Ca ibration and Sca-Bird Elestromics dP/AAT Lests,
Plse pogmal eolibvat on from 'aroscrentihic dssimes an operating, 1mperature range of 0 1o 125 degrees C,
AT corretion a0jasts this operaiing range (0 a neminal range of O 1o 22 degrees C. This increasss he

accuracy ul the Uansducer in this leamperaluce ranee.

NOTLE: Original voelfivernts [rom Paroscizolilic wre atached W this (onu Tue ialcrmmetivnal purposes and
shoald oot ke used.

n
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CTD Conductivity (Primary)

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

SENSOR SFRTAT. NITWMRER: 3503
CALIBRATION DATE: 17-Rn-11

GHI) ODE FFICIENTS

g = =1.03262410e+001
= 1.56275016e+000
i = —3.00997664e—003
= 3.20040950e-004
CPeor = =9.5700e-008 (nominall)

h

3

CTcor =

3.2500e-006 (nominal)

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

SBE4 CONDUCTIVITY CALIBRATION DATA
P35 1978: C(35.15,0) = 4.2914 Scimens/meter

BATHTEMF BATHSAL BATHCOND INST FREO
(P51 | Sicme ps/m)

{TTS-90)

0. 0000
=7 . 0000

1.0000
15.0000
1E.5000
29 .0000
32.5001

0.0000
34.936%
34.9374
34.9374
34.9364
34.9333
34.9258

-UB YU Il S =

. 00000
.B1338
. 98533
28489
-63258
« 71932
05293

ABCDM COEFFIIENTS

a= 1.71106814e-007

b= 1 _55458832&+000

e = -1 _03093231&+001

d = -B.0B7TTe04&-005

m= 6.9

CPeor = =9.5700e=008 (nominal)

INST COMD RESIDUUAL

2.5751%9 0.00000 0.00000
4.97213 2.81338 0.00000
5.08204 2.98534 0.00001
5.84581 4.28487 -0.00002
B.03365 4.63257 —0.00000
6.58591 5.71937 0.00006
6.TE517 6.09289 =0.00004

Conductvity = (g +hf” +if" +1") /101 + Bt + ep) Siemens/meter
ﬁnh:i‘rity:{:.f‘+lf’+c +dt)/ [10{ 1 +ep) Siemenuimeter
= temperature [*C) |, p = presurefdecibars]; & = CTeor; € = CPeor;
Residusl = (instriment conductivity - balh conductivity) asing g, h, |, | coefficlents

Dz, Slope Comection

21-Apr-10 0.9990920
17-Jun-11 1.0000000

0.002
0.001
® 0.000 " é‘.;’ti
-3 _hhhuﬂﬂﬁq—_h—h__hﬁ.‘h_Frff’
L]
&
-0.001
0.002 1111 1 111 I | | | 1101 11 11 [ I |
0 1 7

2 3 4 5
Conductivity (Si m)
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CTD Conductivity (Secondary)

SEA-BIRD ELECTRONICS, INC.

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

SEN SO SFRTAT. NINJRER: 3505 SEE4 CONDLCTIVITY ALIBRATION DATA
CALIBRATION DATE: 17-Jun-11 FS5 1978 C(35.15.0) = 42914 Scimens)/meter
GHI) ODE FFICIENTS ABCDM COEFFIIENTS
g = =1.0045527Te+001 a= 3. .64626762e-006
h = 1.48833566e+000 b= 1.48467285e+000
i = —1.5167604%9e—003 e = —1.00428577es001
4 = 2.01820274e-004 d = -B.59276632a-005
CPeor = =9.5700e-008 (nominall) m= 5.4
CTeor = 3,.2500e-008 (nominal) CPcor = =9.5700e-008 (nominal)
BATHTEMP BATHSAL BATHCOND INSTFREQ INST COMND RESIDUAL
(TTS-90) (P50 { Siemems/m) {kHz) {5 iemensim) (Siemens/m)
0. 0000 0.0000 0.00000 2.60075 0.00000 0.00000
=1 . 0000 34.936% 2.81338 5.06934 2.81338 =0.00000
1.0000 34,9374 2.98533 5.18214 2.98534 0.00001
15 . 0000 314.9374 4.28489 5.96556 4.28486 -0.00003
18.5000 34.9364 4.63258 6.15816 4.63258 —-0.00000
29.0000 34.9333 5.71932 6.72432 5.71938 0.00006
32.5001 34.9258 6.09293 6.9%0806 6.09289 =0.00004

Conductvity = (g +hf” +if" +1") /101 + Bt + ep) Siemens/meter
ﬁnh:i‘rity:{:.f‘+lf’+c +dt)/ [10{ 1 +ep) Siemenuimeter

= temperature [*C) |, p = presurefdecibars]; & = CTeor; € = CPeor;

Residusl = (instriment conductivity - balh conductivity) asing g, h, |, | coefficlents

Dz, Slope Comection
0.002 08-Apr-10 1.0000225
17-Jun-11 1.0000000
0.001

Resdual, (S/m)
=
8

o
g

T30 A v I N o |

2 3 4 5
Conductivity (Si m)
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CTD Temperature (Primary)

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
'NONE: 11 1) Ado-BAS-Y8EE Fax (+1) 425-643-9984 Cmall seaoirc@seabird com

SHES TEMPERATURE CALIBRATION DATA
11'S W) TEMPERATURE SCATIE

P13 &8 COFEFHCTRNTS

- 3.68121312¢-00%
- 5.91711Z17=-0U%
= 1.5030460%= ON=
- 1.,4274:670e-0VE

SENSOR SERIAL NUMBER: $750
CALIBEATION DATLE 13 Nov 12

ITS-%0 COLLTICILENTS

g - 4.351RR7492-721
h = 5,297¢€87222 004
i = 1.97CO51Cru-C95

& w

wun

J = 1, 426143282500

L0 = 100C .0 2 = 3003.672

BATH TEMP INSTRUMENT FREO INSTITEMP RESIDUAL

s su) (Hz) T390 OTS-90)

IC03,672 -1.50u1 Y. Jupiy
A17¢.320 1.0001 J.3001¢C
3437.%83 4.09000 2.30¢08
J3710.673 UL 2.30¢022
3499 . C3% |.295% =Z.30008
4303.081 TZ.000% -2.20008
AG23.71R 18,5050 S [ {1
1955, 955 22,0000 o [ DT |
9313.373 23,9051 S [ L]
RIS 29000 -.20¢03
AGus2.38s 32.4533 T O

Teagsnaone ITS-90 = Lifg ¢ RNn(LiD] « ilfa (L] + jlin™ 000} - 27315 ¢°C)
Teaperacure IPTS-GE = 1/(n 1 bin(f 2] = ofta’ (1,101 818 c8 /011 - 22305 °C:
Frllowing the vecommendacion ol JPOTS: T._ 19 pssumed te be 100021 1’_ L2 ASCH
Rowdual = wtiumon lonpersiunyg - batk emperatne

12, Offsetiauleg ©)

0.02 —— = | @ 18-Nev-12 -0.00
_ o0
4]
©
¢
&€ |
£ 0.00 R > - PR R
3
i

-0.07 - —

002 4111111 \ll | = I Jipvy 11: B

-5 aQ 0 5 20 25 30 35
Temperature, Degrees C
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CTD Temperature (Secondary)

Sea-Bird Electronics. Inc.

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

SENSOR SERTAL NUMEFR 7438
CALIBRATION DATE: 22-Ang-12

ITS-90 COEFFICIENTS

g = 4.31134824e-003
h = 6. 4197304%e-004
i = 32 30562159005
§ = 2.19522017e-006
f0 = 1000.0

BATH TEMP
(TS-%0)
=1.5000
1.0000
4.5000
8. 0000
11.5000
14.9399
18.4999
22.0000
2% .%000
29.0000
32.5000

INSTRITMENT FRED

{Hz)
2759.345
2917.842
3150.675
3396.590
IE55.956
35929.098
4216.353
4518.054
4A34.507
S166.008
5512.855

SBEE3 TEMPERATURE CALIBRATION DATA
IT5-90 TEMPERATURE SCALE

IPT5-68 COERFICIENTS
d.68121208e-003

a =
B w
it =
d =

INST TEMP

E.02099910e-004
1.63994358.-005
2.19678773&-006
£0 = 2759.345

(ITS-90

-1.
1.
4.
7.

11.

15.

18.

21.

25.

29,

32.

3000
aaoo
5000
2999
s5000
aooo
4999
2999
s000
aooo
s000

RESIDVITAL
(TTS-0d0)
0.00002
-0 .00000
-0.00001
=0.00007
0.00001
0.00010
0.00003
=0.00005
=0.00003
=0.00004

0.00004

Temperatwre ITS-00 = 1 g +HJ'n{fnm] + illnz{i'n.ft}] +j[ll’ﬂ.-||':l]'l ~ITIS ()
Temperature IPTS-68 = 1/{a + b{laif /0] + ¢fin (1, M) + dfin (/1)) - 272.15(°C)
Following the recommendation of JPOTS: T _ s asumed tobe 100024 *T_ (-2 1035 °C)
Residual = instrument tempersture - bath temperature

Date, Difsctimdeg Ty

0.02 16-Mar-11 0.13
22-Aug 12 000

. 0ot

[&]

2

2 o.00 Ak & - e - & a——a |

i

T

-0.01

P A I 1 A O Y

-5 1] 25 30 a5
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CTD Fluorometer

PO Bax 518 (541) 828-5650

siee,  WET@)Labs S

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 11/15'2012 S/N: FLRTD-397

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

Analog

Analog Analog  Range 4

Range 1 FRange2 (defawl) Dagital
Dark Counts 0.108 0.084 0.043 v B8 counts
Scale Factor (SF) 8 i3 25 gy 0.0077 pgVoount
Maximum Ouiput 496 496 496V 16330 counis
Resolution 0E 0B 05 mV 1.0 counts
Ambient temperature during characternzation 237

Analog Range: 1 (most sensilive, 04,000 counts), 2 (midranga, 08,000 counts), 4 (aniire range, 016,000 counts).
Dark Counts: Signal output of the mater in dean water with black taps over detector,

5F: Determined using the following equation: 5F = x + (oulput - dark counts), where x is the concentraion of the
solufion used during instrument characierzaion. 5F i3 used o derve instrument output concentration from the raw
sagnal output of the fluorometer.

Maximum Owtput: Maxmum signal outpul the flucrometer is capabile of,

Ae solution: Standard devialion of 1 minute of collecied data

The nelabonsteg boboan fuorEoenon and chioropiys- o conRoantnalions (-9 8 highty wnabis, The scee iactor ksind on s
00U M wis oelermingd g & monc-Culiune of pyioplankion | THEESSIOsrs wassiogd | The popUISTon Was S58Lmed i be
reasonably healiy and the concaniration was Oelerminad Oy using he absorption method. To Sccuraisly delemmine ¢hicrophyl
conceniration using a fuoromeder, you must perform secondary measwrements on the populsBons of inlerest. This is ypically done
using exiraction-basad massurement tachniques on discrate sEMpiss. For sddbonal imormation on detarmirng chioropyl
concentration see “Standan kethods for the Examinalion of Waler and W asiewsier part 10200 H, published jomtly by the Amencan
Public Heafh Asscoialion, Amencan Walor Works Associalion, and S Wabor Emironmant Fedoration

FLATD-397 xis Rawision J anrioe
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CTD Transmissometer

PO Box 518 (541) 829-5850
20 Applegate St Fax (541) 020-5277
wea  WETE)Labs ot o
C-Star Calibration
Date December 5, 2012 SiNE CST-802DR Pathlength 25
Analog output

Vg 0.060 ¥

Vi 4802 V

Vit 4703V

Temperature of calibraton water 199 "C

Ambient temperature dunng calibration 21.8 *°C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x. in meters) Tr=e™
To determine beam transmittance. Tr = (Wag = Vaga) / (Vesr = Vo)

To detesmine beam attenuation coefficient ¢ = -1/ * In (Tr)

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

Var  Meter output in air with a clear beam path.

Ve  Meter output with ciean water in the path.
Temperature of calibration water: temperature of clean water used to obtain V.
Ambient temperature: meter temperature in air duning the calibration.

Vi Measured signal output of meter.
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CTD Dissolved Oxygen Sensor (Primary)

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

Sea-Bird Electronics. Inc.

SENSOE SERTAL NUMEFR « (Wi
CALIBRATION DATE: 21-Ang-12

COEFFICIENTS
Scc = 0.4221

Voffset = -0.6822

Tauld = 1.57

BATHOX BATH TEMP

(mi1 IT5-80

PRER ABU M R

Oxygen (ml1) = Soc * (V + Voffet)* (1.0+A*T+B *T 40+ T') *OxSel(T.5) * apE*P/K)

2.
-]
-oo
-aa
-aa
20
.88
N1 ]
N ]

HREaE B E o BREE

A= =2 93945a=-003
6.5601e-00%5
C = -1.4073&-008

B =

E nominal =

0.036

BATHSAL INSTRUMENT

Dl =

PSU OUTPUTIVOLTS)

0.8
o.aa
o.oa
o.es
0.ea
.04
0.84
0.08
0.88
0.es
LT
o.ea
.04
0.04
0.04
T
0.os
o.ea

Gad had bl B R R R R R R R e e e el e b

- 593
-834
-9
187
-159
=313
-
]
-
T4
-586

356

352
AT
]
1488
-T19
= -]

D2 = —§.64803e-2

SBE 43 OXYGEN CALTBRATION DATA

NOMINAL DY NAMIC COEFFICIENTS
1.92834e-4

Hl = =3.30000e-2

H2
H3

NETRUMENT

Y GEN (miThy

-1 1
.27
-28
- 29
.3n
A1
-1
27
.29

L o A A N N

5.00000e+3
1.45000e+3

RESIDUAL

imlM
=0.aa
=0. 88
={.aa
=d.aa
a.aa

0.08
0.88
0.88
a.aa
={.aa
a.aa
=0.aa
=-0.aa
0.08
=0.8a8
=0.aa
a.aa
a.aa

¥ = voltage output from SBEA3, T = emperstwre [deg ©). § = salinity [PSUL K = temperstuse [Kelvin]
Ox50l(T,5 )= oxygen ssiumiion [mld], P = messure [dbar], Residual = insmnment oxygen - bath oxygen

Draie, Dela Ox (mld)
1.6 23-Apr-11 0.8857
21-Aug-12 1.0000
08 — f‘J
]
E L
i 0.0 i a
;
-08
A5 11110 1111 11110 1111 1011 1111 LIl 1111 I | 1111
0 1 2 3 4 & 6 8 9 10
Corygan (miT)
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CTD Dissolved Oxygen Sensor (Secondary)

13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-9886 Fax (+1) 425-643-9954 Email: seabird@seabird.com

Sea-Bird Electronics. Inc.

SENSOE SERTAL NUMEER: 0139
CALIBRATION DATE: 17-Aung-12

COEFFICIENTS

Boc =

0.37594

Voffser = -0 . 5881
Taulld = 1.31

BATHOX BATH TEMP

(mbTy

-

LRI TN T TELL

Oxygen (mb1) = Soc * (V + Voffet)* (1L0+A*T+B*T +C* T) * OxS0lT.S) * exp(E *P/K)

Ims-50

BonBEBERE e B R np
]

A= =2.617Ta=003
1.1822e-004
C = -1.9061&e-008

B =

E nominal =

BATHSAL INSTRUMENT

SBE 43 OXYGEN CALTBRATION DATA

NOMINAL DY NAMIC COEFFICIENTS
= l1.926348-4
D2 = —§.64803e-2

=}

0.036

PSU OUTPUTIVOLTS)

a.sa
L1
a.oa
a.es
a.04
0.04
a.84
a.04
L -1
a.oa
a.oa
a.0s
.04
a.04
a.04
a_sa
a.e3
L -1 ]

T e

R ¥ ]
57
@37
-1z7
.198
-1
.1am
.8
.1m
389
612
Er. ]
LAEE
410
Am
]
1]
58

Hl = =3.30000e-2

H2
H3

NETRUMENT

Y GEN (miT

L o A A N Y

.24
-1
- 26
27
.28
28
.24
28
-1
-26
-26
.29
A0
Lk
A3
-3
-BE
-87

5.00000e+3
1.45000e+3

RESIDUAL

imlM
=0.aa
=0. 88
={.aa
=d.aa

0.9a
0.08
0.88
0.88
a.aa
={.aa
a.aa
=0.aa
-0.a9
=0.08a
0.08
=0.aa
={.3a
=d.3a

V = valtage cutput from SEE43, T = emperature [deg C), 5 = salinity [PSU] K = temperstuse [Kelvin]
OxSol(T,5)= oxygen sawration [mlA], P= pressure [dbhar] Residual = instnoment oxygen - bath oxygen

Diate, Delia Ox (mld)
0.4 26-Juk-11 0.9839
17-Aug-12 1.0000
0.2
———T
3 0.0 ) i
£
3
;u_z
0.4 I I 1 A
0 1 2 3 4 & L] 7 8 ] 10
Corygan (miT)
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NBP1305
CTD Underwater PAR
Biospherical Instruments Inc
CALIBRATION C=R1II'ICATE
UNDERWATER PAR SENSOR WITH LOG AMPIIFIER
Calib-ation Date: 10:26/12 Job No.:  F111453
Nodel Number: L7500
Serial Number: /721
Oparator: IPC
Standard Lamp: “-030{3/717;
Operating Voltage Range: G to 15 W0 )
Note: The QSP.2C0 uses 3 lag smlifar be reswn I intonine sig il anrrent with V = log | [Amps) ! IRl
Yo cedale Irendinen, oas this formaky
|3 Wradiancs = Calibration factor * (107 Light Signal Vellage - 107Dark Voltage) ]
|- Witk she spproprinte (salae correcterd) Fraliane C:-.!lz'ahpn I &ulor:
] Dry Calibration Facto~ 3.00§+13 quanta’on sec™amps’ 4.99E 06 nstoine'cn® soe amps”
B Wet Callbration Facto ;| 5.30E+13 [quanta/cm’ scc/"amps” 3.61E-08 [pEinsteinslcm® scel ampa”

St sor Test Dalaand Results®

1

lz Thaw s ergsing wow waavdulod will sowlivgs bolus oo
4 Ame calesine show d be deanad frequerty v izchal.

4] Thes secin ix 10 Wl ol usg and for e adlvand 3d snags

cunsor Supply Curent (Darky| 847 [mA _ _ _cumentSehers
208 Supply Voltage: [ Volts e
Larrp nleyraied PAR madience:| ©.040 55 |quenkeian®sce 001632 |Sinsteinslan’sce
[ T 803 Immersion Corficent | 0GAR4 Scalar Comecoon:] | " PR Soler Carecson:] _1.000u
ne Wansurad Fslimaed  Calt. Testimsc.
Nomiral Calivrated Sensor  Reasured Signal Signal Oatput Eror | {quanty’
Filter OD _ Trans. Voltage  Trans, 1Ares)  (Amos)  {(Vaolte)  _(Waks) Erre" {$4) am” st}
No Filler | 100 0% 2017 100.00% 3.2CE-08 | 52008 | 2516 0032 0.0 %.83=+15
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