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

e The structure and organization of the data on the distribution media

e The format and contents of the data strings

e Formulas for calculating values

e Information about the specific instruments in use during the cruise

e Alog of acquisition problems and events during the cruise that may affect the data
e Scanned calibration sheets for the instruments in use during the cruise.

The data is distributed on a DVD-R or CD-ROM written in ISO9660 level-1 format. It is readable by
virtually every computing platform.

All the data has been archived using ‘tar’ and compressed using ‘gzip’, identified by the ‘.tz extension.
Tools are available on all platforms for uncompressing and de-archiving these formats: On Macintosh
use the built-in Archive Utility, or tar in the terminal. On Windows operating systems use WinZip or 7Zip.

MultiBeam and Bathymetry data, if collected, are distributed separately.

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

Volume 1 of 1: NBP1606
File
/
NBP1606.gmt
NBP1606.mgd
NBP1606.trk
1606DATA.docx
1606DATA. pdf
INSTCOEF.TXT
/process
1606JGOF. tz
1606MGD. tz
1606PCO2.tz
1606PROC. tz
16060C. tz
/rvdas/nav
1606gyrl.tz
1606s330.tz
l1606seap.tz
/rvdas/uw
1606bwnc.tz
1606ctdd. tz
1606engl.tz
1606flrl.tz
1606grvl.tz
l1606hdas.tz
1606knud. tz
1606mwxl.tz
1606pco2.tz
1606pguv.tz
l1606rtmp.tz
1606svpl.tz
1606tsgl.tz
1606tsg2.tz
l1606twnc.tz
/science
ice
weather
/ocean
l1606ctd.tz
1606xbt.tz
/plots
NBP1606 trk.jpg
NBP1606 trk.pdf
/adcp
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Description
Root level directory
GMT binary file of MGD77 data
Full Cruise MGD77 data file
Text file of cruise track
Data Report NBP1606 (MS Word)
Data Report NBP1606 (PDF format)
Instrument Coefficient File
Processed data
JGOFS format data files
MGD Data
Merged pCO2 data files
Other processed data
Daily RVDAS QC postcript plots
Navigation data
Gyro raw data
Seapath 330 data
Seapath 200 data
Underway data
Baltic winch data
CTD depth data
Engineering data
Fluorometer data
Gravimeter data
HydroDAS raw data
Knudsen raw data
Meteorology raw data
pCO, raw data
GUV raw data
Remote Temperature data
Sound velocity probe (ADCP)
Micro TSG1 data
Micro TSG2 data
Trawl winch data
Cruise specific data
NOAA ice imagery
NOAA weather imagery
Ocean data
CTD Data
XBT Data
Cruise track plots
Cruise track JPEG format
Cruise track PDF format
ADCP data directory
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Extracting Data
The data files will have a “.tz” extension on the filename. The “.tz” extension is for files whose contents
have been archived using the “tar” utility and compressed with the “gzip” utility.

An example of creating a compressed archive file:

tar -czvf archive filename files to archive

An example of listing the files in an archive:

tar -tzvf archive filename

An example redirecting the list output to a file, where contents. list is the name of the file to
create:

tar -tzvf archive filename > contents.list

An example extracting all files from the archive:

tar -xzvf archive filename

An example extracting specific files from the archive:

tar -xzvf archive filename list of files to extract

United States Antarctic Program
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Distribution Contents

Cruise Track
The distribution DVD includes a GMT cruise track file (NBP1606.trk). It contains the longitude and
latitude at one-minute intervals extracted from the NBP1606.gmt file.

Satellite Images
Satellite Images processed for this cruise can be found in the directory, /Imagery in two subdirectories,
ice and wx (weather). Files are named using the convention, IIDDDYYA.jpg where:

Id = image type (ice = ice, wx = weather)

DDD = year-day

YY = year

A = allows for multiple images of one type for one day

NBP Data Products
Two datasets are created on each 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 1606proc.TAR. 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.

United States Antarctic Program
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JGOFS

The JGOFS data set can be found on the distribution media in the file /process/NBP1606JGOF.tar. The
archive contains one file produced for each day named jgDDD.dat.gz, where DDD is the year-day the

data was acquired. The “.gz” 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” as

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) tt.tttt

04 Seapath Longitude (negative is West) ggg.ggeg
05 Speed Over Ground knots

06 GPS HDOP

07 Gyro Heading

08 Course Made Good

09 Mast PAR

10 Sea Surface Temperature
11 Sea Surface Conductivity
12 Sea Surface Salinity

13 Sea Depth (uncorrected, calc. sw soud vel.
1500 m/s)
14 True Wind Speed (max speed windbird)

15 True Wind Direction (max speed windbird)
16 Ambient Air Temperature

17 Relative Humidity

18 Barometric Pressure

19 Sea Surface Fluorometry

20 Transmissometry

21 PSP

22 PIR

Degrees (azimuth)
Degrees (azimuth)
UEinstein's/meter2
°C

siemens/meter
PSU

meters

meters/sec
degrees (azimuth)
°C

%

mBars

volts (0-5 FSO)

%

W/m2

W/m2
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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 NBP1606.mgd. The file NBP1606.gmt is created from the MGD77
dataset using the “mgd77togmt” utility. NBP1606.gmt can be used with the GMT plotting package.

The data used to produce the NBP1606.mgd file can be found on the distribution media in the file
/process/1606proc.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 EOTVQS, 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 chars 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 Positive = North, Negative = South. (-9000000 to
9000000)
36-44 9 real  Longitude x 100000 Positive = East, Negative = West. (-18000000 to
18000000)
45 1 int Position type code 1 = Observed fix, 3 = Interpolated, 9 = Unspecified
46-51 6 real  Bathymetry, 2-way In 10,000th of seconds. Corrected for transducer
travel time depth and other such corrections.
52-57 6 real  Bathymetric, In tenths of meters
corrected depth
58-59 2 int Bathymetric This code details the procedure used for determining
correction code the sound velocity correction to depth
60 1 int Bathymetric type 1 = Observed, 3 = Interpolated (Header Seq. 12), 9 =
code 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 trailing sensor
2" sensor
73-78 6 real  Magnetics residual In tenths of nanoteslas (gammas). The reference field

United States Antarctic Program
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Col Len Type Contents Description, Possible Values, Notes
field used is in Header Seq. 13
79 1 int Sensor for residual 1 = 1% or leading sensor, 2 = 2" or trailing sensor, 9 =

80-84 5 real

85-90 6 F6.0
91-97 7 real
98-103 6 real
104-108 5 real
109-113 5 char
114-119 6 char
120 1 int

field
Magnetics diurnal
correction

Depth or altitude of
magnetics sensor
Observed gravity
EOTVOS correction

Free-air anomaly
Seismic line number
Seismic shot-point
number

Quality code for
navigation

Unspecified

In tenths of nanoteslas (gammas). (In nanoteslas) if 9-
filled (i.e., set to "+9999"), total and residual fields are
assumed to be uncorrected; if used, total and residual
are assumed to have been already corrected.

(In meters). Positive = Below sea level, 3 = Above sea
level

In 10" of mgals. Corrected for Eotvos, drift, tares

In 10t of mgals.

E=7.5 V cos phi sin alpha + 0.0042 V*V

In 10" of mgals, G = observed, G = theoretical

Cross reference for seismic data

5 = Suspected, by the originating institution
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.

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 1606pco2.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@I|deo.columbia.edu).

United States Antarctic Program




Data Report NBP1606

Cruise Science

CTD
The ctd data has been placed in the tar file /ocean/NBP1606ctd.tar. The archive contains tar files
NBP1606proc.tar.

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 1606xbt.tar in the /ocean directory. No XBTs were collected on this
cruise.

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 [CruiseID] [ChannelID] .dDDD

Example: NBP1606mwx1.d025
e The CruiselD is the numeric name of the cruise, in this case, NBP1606.
e The ChannellD is a 4-character code representing the system being logged. An example is “mwx1,” the

designation for meteorology.
e DDD is the day of year the data was collected
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Underway Sensors

Meteorology and Radiometry

Measurement String ID Collection Rate Instrument
Status

Relative Humidity mwx1 (met)  Continuous 1/sec RM Young 41372LC

Barometer mwx1 (met)  Continuous 1/sec RM Young 61201

mwx1 (met)  Continuous 1/sec Eppley PIR

pguv Continuous 2/sec Biospherical Instruments GUV-
2511
Geophysics
Measurement String Collection Rate Instrument
ID Status

Bathymetry Continuous varies Knudsen Chirp

Oceanography

Measurement String Collection Rate Instrument
ID Status

Ocean Surface Continuous . Sea-Bird SBE 38
Temperature

Fluorometer Continuous 0.5/sec Wetlabs AFLT

Continuous 1/sec UHDAS

Navigational Instruments

Measurement String Collection Rate Instrument
ID Status

United States Antarctic Program
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Heading, Speed, Course, seap Continuous 1/sec Seapath 200 GPS
GPS, Heave, Roll and

Pitch

Heading gyrl Continuous 0.2/sec  Yokogawa Compass
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,

yy+dd:hh:mm:ss.sss [data stream from instrument]

where
vy = two-digit year
ddd = day of year
hh =2 digit hour of the day
mm = 2 digit minute

$s.sss = seconds
All times are reported in UTC.

The delimiters that separate fields in the raw data files are often spaces and commas but can be other
characters such as colon (:), equals (=), or ampersand (@). 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.

Each section on the next pages 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 and /rvdas/nav directories on the distribution disc.
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Underway Data /rvdas/uw

Sound Velocity Probe (svp1)
15+055:20:27:24.018 1535.43

Field Data Format Unit

2 Sound Velocity, from ADCP sonar well XXXX.XX m/s

Meteorology (mwx1)

MET

15+055:20:27:24.636 MET,12.1,-39,-6.07,77.4,178.0729,0.809536, -
0.1235019,268.1754,267.9648,970.7878

Field Data Format Unit

MET Flag

Enclosure Relative Humidity (not implemented)

Air Relative Humidity

PSP (Shortwave Radiation) X XXXXXX
_PIRThermopile (Longwave Radiation) ~ xxooo
PIR Case Temperature XXX XXXX
'PIRDomeTemperature oo
12 Barometer XXX XXXX mBar
PUS

15+055:21:47:42.452 PUS,A,037,014.36,M,+325.38,-010.29,60,0F

Field Data Format Unit

PUS Flag

Port Wind Relative Direction degrees

M = Meters (for previous) M

Sonic Temperature

10 Checksum XX alphanumeric

Status
00 = Good, 60 = Good. Any other value indicates fault
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sus
15+055:21:50:48.409 SUS,A,338,012.63,M,+326.15,-009.05,60,0F

Field Data Format Unit

SUS Flag

Starboard Wind Relative Direction degrees

M = Meters (for previous) M

Sonic Temperature
10 Checksum XX alphanumeric
Status
00 = Good, 60 = Good. Any other value indicates fault

Knudsen (knud)
Field Data Format Unit

3.5kHz = Low frequency in use

Valid Flag

High Frequency Depth XXXX.XX

Sound Speed Velocity

10 Longitude XX XXXXXX degrees

Gravimeter (grv1)
15+056:14:21:21.153 01:025268 00

Field Data Format Unit

4 Error Flag XX numeric

Error Flag

00 = All well, 01 = CPS malfunction, 02 = Sensor Malfunction, 03 = CPS and sensor Malfunction

A gravity tie is taken at the start of the cruise and applied throughout the cruise. There is no accounting for drift
after the pre-cruise gravity time. The post cruise gravity tie is available by requesting it from ethg@usap.gov.
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pCO: (pco2)
154+056:14:41:10.392 2015056.60236 2608.36 30.14 977.91 48.25 368.76 353.92 -1.18 -1.26
0.00 Equil

Field Data Format Unit

pCO; time tag* yyyyddd.ttt

Cell Temperature XX.XX C

Flowrate XXX.XX

VCO, Concentration XX. XX

Equilibrator Temperature, SBE38 XX.XX

12 Flow Source* text

pCO, time tag
ttt = fractional time of day

Flow Source
Equil = pCO,; Measurement

Micro TSG (tsgl,tsg2)
15+056:15:06:06.644 -1.1809, 2.73404, 34.0574, 1442.367

Field Data Format Unit

Temperature XX XXXX

Salinity XX.XXXX

Remote Temperature (rtmp)
15+056:15:10:38.244 -1.4644

Field Data Format Unit

2 Temperature, Seawater Intake XX XXXX C
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GUV (pguv)
15+057:14:51:33.808 022615 065133 .000132 .010878 .047479 .004407 -.002799 .014652
.027558 .094395 .417814 -4.466095

Field Data Format Unit
1 RVDAS time tag yy+ddd:hh:mm:ss.sss uTC

2 Date mmddyy uTC-4
3 Time hhmmss uTC-4
4 EJOGND (sensor ground voltage) XXXXXX Vv

5 Ed0320 (downwelling 320nm irradiance) XXXXXX uW

6 Ed0340 (downwelling 340nm irradiance) XXXXXX uw

7 Ed0313 (downwelling 313nm irradiance) XXXXXX uW

8 Ed0305 (downwelling 305nm irradiance) XXXXXX uw

9 Ed0380 (downwelling 380nm irradiance) XXXXXX uw
10 EdOPAR (downwelling 400-700nm irradiance) XXXXXX ME

11 Ed0395 (downwelling 395nm irradiance) XXXXXX uW
12 EdOTemp (sensor array temperature) XXXXXX C

13 EdOVin (input voltage) X XXXXXX \Y

Engineering (eng1)
15+057:16:41:24.536 12.25 23.21 507.8 0.6 162.6 -751.9 0 0 NAN NAN -10.3 7.2

Field Data Format Unit

1 RVDAS time tag yy+ddd:hh:mm:ss.sss uTC

2 Supply Voltage XX.XX Vv

3 Case Temperature XX.XX C

4 Seawater Flow, Aquarium Room XXX.X | / min

5 Seawater Flow, Helo-deck X.X | / min

6 Seawater Flow, Hydro-lab XXX.X | / min

7 Seismic Air Pressure XXX.X Ibf/in?

8 Not Currently Hooked Up X 0 or NAN
9 Not Currently Hooked Up X 0 or NAN
10 Not Currently Hooked Up X 0 or NAN
11 Not Currently Hooked Up X 0 or NAN
12 Altimeter for Yo-Yo Camera - Rarely used* XX.XX m

13 Transmissometer for Yo-Yo camera - Rarely used*  xxx.x %
Altimeter

This is rarely used, and only provides real data when connected. When not connected, provides a value approx = -
10.

Transmissometer

This is rarely used, and only provides real data when connected. When not connected, provides a value range of
approx =0 to 10.
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Hydro DAS (hdas)
15+057:16:07:09.456 12.15038 12.39402 336.5517 4431.724 -1 20.5 64 33.5 43.5

Field Data Format Unit

Supply Voltage XX XXXXX \

Fluorometer XXX XXXX mV

Sea Water Valve* X

Flow Meter 2 Frequency XX.X

10 Flow Meter 4 Frequency XX.X Hz
Sea Water Valve
-1 = Stern Thruster Valve, 0 = Moon Pool Valve

Winch (bwnc, cwnc, twnc)
15+057:14:12:24.405 02RD,2015-02-26T14:55:32.051,STBD TRAWL,00000064,-00000.0, -
00023.2,3594

Field Data Format Unit

LAN ID

4 Winch Name

alphanumeric

alphabetical

Speed XXXXX.X
8 Checksum X.XXXX numeric
Multibeam (mbdp)

15+058:22:04:52.826 $KIDPT,594.68,7.67,12000.0%43

Field Data Format Unit

KIDPT

Checksum XX uTC
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Navigational Data /rvdas/nav

Seapath GPS (s330, seap)

The Seapath 330 outputs five NMEA standard strings — GPZDA, GPGGA, GPVTG, GPHDT, and GPRMC.
The Seapath 200 outputs four NMEA standard strings — GPZDA, GPGGA, GPVTG, and GPHDT. Both GPS's
output three PSXN proprietary strings — PSXN 20, PSXN 22, and PSXN 23.

GPZDA

15+051:21:02:04.507 $GPZDA,210204.39,20,02,2015, ,*6F

Field Data Format Unit

1 RVDAS time tag yy+ddd:hh:mm:ss.sss uTC

2 SGPZDA

3 Time hhmmss.ss uTC

4 Day dd uTC

5 Month mm uTC

6 Year yyvyy UTC

7 (empty field) X Blank or 0
8 Checksum XX alphanumeric
GPGGA

15+051:21:02:02.507 $GPGGA,210202.38,7712.979244,S,16741.040258,w,1,12,0.7,-5.04,M, -
55.90,M, ,*6F

Field Data Format Unit

1 RVDAS time tag yy+ddd:hh:mm:ss.sss UTC

2 SGPGGA

3 Time hhmmss.ss UTC

4 Latitude ddmm.mmmmmm degrees

5 North or South (for previous) X N orS

6 Longitude ddmm.mmmmmm degrees

7 East or West (for previous) X Eorw

8 GPS quality indicator* X 0,1,2,3,4,5,0r6
9 Number of satellites in use (00-99) XX 00-99

10 HDOP X.X

11 Antenna height X.XX m

12 M = Meters (for previous) X M

13 Geoidal height X.XX m

14 M = Meters (for previous) X M

15 Age of DGPS corrections (seconds) X.X seconds

16 Station ID of DGPS (if used) X numeric

17 Checksum XX alphanumeric
Quality

0 =invalid, 1 = GPS SPS, 2 = DGPS, 3 = PPS, 4 = RTK, 5 = float RTK, 6 = dead reckoning

GPVTG

15+051:16:47:06.625 $GPVTG,357.84,T,251.99,M,9.5,N,17.7,K,A*15
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Field Data Format Unit

SGPVTG

T =True (for previous)

M = Magnetic (for previous)

N = knots (for previous)
K = km per hour (for previous)

X
xx
X
xx
X
X
XX

Checksum alphanumeric

Modes
A = GPS used, D =DGPS used, E = Dead reckoning used, N = Invalid position / velocity

GPRMC
154051:21:02:04.741
$GPRMC,210204.38,A,7712.979182,5,16741.063669,W,9.4,270.82,200215,105.6,E,A*06

Field Data Format Unit

SGPRMC

Status*

North or South (for previous)

East or West (for previous)

Course over Ground True . degrees

Magnetic Variation . degrees

Mode* alphanumeric

GPHDT
154051:21:02:04.741 $GPHDT,268.87,T*06

Field Data Format Unit

SGPHDT

T =True (for previous)
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PSXN 20
15+4051:22:20:58.740 $PSXN,20,1,0,0,0*3A

Field Data Format Unit

SPSXN

Horizontal position and velocity quality*

Heading quality* X
8 Checksum XX alphanumeric
Qualities

0 =Normal, 1=Reduced Performance, 2 = Invalid data

PSXN 22
15+4051:22:20:59.019 $PSXN,22,0.43,0.50*3B

Field Data Format Unit

SPSXN

Gyro calibration value since system startup .

6 Checksum XX alphanumeric

degrees

PSXN 23
15+051:22:20:58.748 $PSXN,23,-0.20,-0.09,279.85,0.24*34

Field Data Format Unit

SPSXN

Roll, port side up is positive . degrees

Heading, True . degrees

8 Checksum XX alphanumeric

Gyro Compass (gyr1)
15+055:20:27:23.653 $HEHDT,087.31,T*12

Field Data Format Unit
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4 T =True (for previous)
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Processed Data /process

pCO; - Merged

154055:11:24:43.960 2015055.46596 2534.72 32.41 975.33 48.86 356.94 341.67 -1.20 -1.27
0.00 Equil -75.9209 178.9696 -1.435 33.852 2.26 7.86 137.38 975.34 163.80 9.31 253.75
NaN -1.27 33.84 -1.14 -1.0

Field Data Format Unit

pCO; time tag* yyyyddd.ttt uTC
‘Raw\Voltage(R)
Cell Temperature XX.XX C
(Equilibration Pressure oo
Flowrate cm3/min
VCO; Concentration XX.XX ppm
(Equilibrator Temperature, RTD oo
10 Equilibrator Temperature, SBE38 XX.XX C
ValvePositon
12 Flow Source* text
latitude oo
14 Longitude XXX XXXXX degrees
‘SeaWater Intake Temperature  ooox
16 Sea Surface Salinity XX. XXX PSU
‘SeasSurface Fluorometry — xwo
18 True Wind Speed X.XX m/s
‘True Wind Direction ~ xx<
20 Barometric Pressure XXX.XX mBar
‘Hydro-labH,0 FlowRate  wex
22 Speed over Ground X.XX knots
‘CourseMade Good oo
24 Unused
(TsG2 Temperature xax
26 TSG2 Salinity XX.XX PSU
(TSGlTemperature oxx
28 Sea Water Valve* X -lor0
pCO, time tag
ttt = fractional time of day
Flow Source

Equil = pCO, Measurement
Sea Water Valve

-1 = Stern Thruster Valve, 0 = Moon Pool Valve
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Calculations

PAR
Coefficients parcl and parcv for this cruise can be found inthe 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 VvV

((par / 1000 mV/V) - parcv) x parcl x 10000 cm2/m2 = pEinstiens/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.coef £ 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);
PIR

Coefficient pirCoeff for this cruise can be found in the instrument.coef f 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
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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 yy+ddd:hh:mm:ss

where yy is year, ddd is year-day, hh is hour, mm is minute, and ss is second. Times are reported in UTC.

Start

Entire cruise

239:21:39

End Description

The PUV/GUV system was having system issues involving its heater and
logging of data. Data collected was spotty, potentially suspect.

239:22:24 PCO2 data logging interrupted due to exhausted tank
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Appendix A: Sensors

NBP1606 Sensors

Sensor Description Serial Last Cal Date = Comments
Meteorology and Radiometry
Port Anemometer Gill Instruments 1390-PK-062 924057 11/18/2009
Stbd Anemometer Gill Instruments 1390-PK-062 847014 09/29/2010
Bridge Anemometer RM Young 5106 WM128975 10/27/2011 ECO Use
Barometer RM Young 61201 00872 05/20/2015
Temperature / RM Young 41372LC 06135 10/07/2015
Humidity
PIR Eppley PIR 32845F3 01/13/2016
PSP Eppley PSP 32850F3 01/15/2016
PAR (Mast) Biospherical Instruments QSR-240 6357 02/17/2015
GUV (Mast) Biospherical Instruments GUV-2511 25110203113 03/03/2015

Sensor Description Serial Last Cal Date n Comments
Underway Seawater Sampling System
Micro-TSG Sea-Bird SBE 45 4550449-0242 12/20/2014
Micro-TSG Sea-Bird SBE 45 4566350-0226 05/27/2015
Digital Remote Temp  Sea-Bird SBE 38 3849120-0178 10/31/2014
Transmissometer WetLabs C-Star CST-889DR 06/06/2015
Fluorometer Wetlabs AFLT FLRTD-4158 10/23/2015

Sensor Description Serial Last Cal Date n Comments
CTD
Altimeter Teledyne Benthos PSA-916 49432 NA
Bottom Contact Sea-Bird #3 NA
Switch
Carousel Water Sea-Bird SBE 32 3214153-140 NA
Sampler
SBE 11+ Deck Unit Sea-Bird SBE 11+ 11P19858-0490 NA
Conductivity Sea-Bird 4 —02/0 041314 07/16/2014
Conductivity Sea-Bird 4C 6800m 041431 07/16/2014
CTD Fish Sea-Bird SBE 9+ 09P70675-1130 06/09/2014
CTD Pressure Sensor  Sea-Bird SBE 9+ 120089 06/09/2014
Dissolved Oxygen Sea-Bird SBE 43 430150 02/24/2015 Primary
Dissolved Oxygen Sea-Bird SBE 43 430155 02/24/2015 Secondary
CTD Pump Sea-Bird 5T, PN 90543 055641 3.0K 03/31/2014 Primary
CTD Pump Sea-Bird 5T, PN 90160 051643 3.0K 08/10/2014 Secondary
Fluorometer WetLabs FLRTD FLRTD-0397 02/23/2015
Surface PAR QSR-240 6357 02/17/2015 Fed to CTD,

on Mast
PAR Biospherical Instruments QSP- 4461 02/03/2014
200L4S

Temperature Sea-Bird 3plus 6800M 03P2299 08/08/2014 Primary
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Temperature Sea-Bird 3-02/F 03P2438 02/19/2015 Secondary
Transmissometer WetLabs C-Star CST-1316DR 05/20/2014
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Appendix B: Calibration Sheets

Gravity

BGMS3 ship-to-shore gravity tie report

GEORGE, SHELDON, vessel: R/V Palmer
Release Date: 2016/08/02 21:10:19 UTC

Sensor: S210

Software

version: 1.2

Port/Pier/Berth: Pratt

Gravity station number 9337-50 (3)
Station name Harbour Admin Bldg
mGal at pier 981320.82

Tie start time UTC 2016/08/02 21:10:04.755
Samples used 3600
Land tie used Yes
Water height to pier 1 9ft9in
Water height to pier 2 10 ft 0 in
Water height to pier 3 10 ft 3 in

Average of filtered counts 25195.851838917

Filter length 181
Scale factor 4.994070552

-

NEW BIAS

- 855491.9

Table 1: Gravity tie information
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Meteorology

Anemometer
No calibration necessary
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Barometer

R.M. Young Company
2801 Aero Park Dirive
Traverse City, Michigan 49686 LSA

YOUNG
CALIBRATION REPORT

Barometric Pressure

Customer: Lockheed Martin Corp

Test Number. 5520-01B Customer PO: 41009553204
Test Date: 20 May 2015 Sales Order: 4756

Test Sensor:
Model: 61201 Serial Mumber: BPO0OS72
Description: Barometric Pressure Sensor

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

Reference Voltage Indicated (1)

Pressure Output Pressure
(hPa) (millivolts) (hPa)
8000 0 8000
a75.0 1252 8751
950.0 2501 9501
1025.0 3750 1025.0
11000 4997 10098

(1) Calculated from voltage output

All reference equipment used in this calibration procedure have been tested by comparizon to traceable
standards certified by the Mational Insfitute of Standards and Technology.

Reference Instrument Serial # NIST Test Reference
Druck Pressure Confroller Model DPIS15 51500497 0046591
Fluke Multimeter Model 8060A 4865407 8604857

Tested By: m

METEOROLOGICAL INSTRUMENTS

Tel: 231-646-3980 Fax 231-848-4772 Emal: met salesi@youngusa com WebsHe: yOUNgUsa.com
150 8001:2008 CERTIFIED
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Temperature / Humidity

Traverse City, Michigan 49686 USA

w‘ R.M. Young Company
2801 Aero Park Drive

7.

YOUNG

CALIBRATION REPORT
Temperature

Customer: Lockheed Martin Corp

Test Number: 5710-04T Customer PO: 49000063237
Test Date: 10 July 2015 Sales Order: 4867

Test Sensor:
Model: 41372LC Serial Number: TS06135
Description: Temperature/Relative Humidity Sensor

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

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

-49.85 4.023 -49.86

-0.01 11.995 -0.03

49.97 19.993 49.96
(1) Calculated from current output

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

Reference Instrument Serial # NIST Test Reference
Brooklyn Thermometer Model 43-FC 3006-118 W204690
Brooklyn Thermometer Model 22332-D5-FC 25071 W204691
Brooklyn Thermometer Model 2X400-D7-FC 77532 W204692
Keithley Multimeter Model 191 15232 8604897

"
Tested By: /("/ZA/C(A»W,

METEOROLOGICAL INSTRUMENTS
Tel: 231-946-3980 Fax: 231-946-4772 Email: met.sales@youngusa.com Website: youngusa.com
ISO 9001:2008 CERTIFIED
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PIR

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

THE EPPLEY LABORATORY, INC.

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER
Model PIR

Serial Number: 32845F3

| Resistance: 712 Q at 23°C
| Temperature Compensation Range: -20° to +40°C

This pyrggometer has been compared against Eppley’s Blackbody Calibration System under
radiation intensities of approximately 200 watts meter” and an average ambient temperature of
22°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:

4.18 x 10°° volts/watts meter”

The calculation of this constant is based on the fact that the relationship between radiation
. . .~ oqe . o, ~ 2 . . . .
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: NSF/ Lockheed Martin Date of Test: January 13, 2016
Port Hueneme, CA A ) V4
In Charge of Test:
S.O. Number: 64615 .
Date: January 14, 2016 Reviewed by:
Remarks:
End of Report
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PSP

EPLAB

| THE EPPLEY LABORATORY, INC.

12 Sheffield Avenue, PO Box 419, Newport, Rhode Island USA 02840

Phone: 401.847.1020  Fax: 401.847.1031  Email: info@eppleylab.com

Calibration Certificate

Instrument:

Procedure:

Transfer Standard:

Results:

Traceability:

Due Date:

Customer:

Signatures:
Eppley SO:
Date of Certificate:

Remarks:

Precision Spectral Pyranometer, Model PSP, Serial Number 32850F3
This pyranometer was compared in Eppley’s Integrating Hemisphere according to
procedures described in ISO 9847 Section 5.3.1 and Technical Procedure, TPO! of

The Eppley Laboratory. Inc.’s Quality Assurance Manua! on Calibrations.

Eppley Standard Precision Pyranometer, Model SPP, Serial Number 37501F3

Sensitivity:  S=6.91 uV/Wm™

Uncertainty: Ugs =£0.91% (95% confidence level, k=2)
Resistance: 706 Q at 23°C
Date of Test: January 15,2016

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

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

NSF/Lockheed Martin
Port Hueneme, CA

/ Ll a Noyiid. J | A LA
In Charge of Test: Reviewed by:

64614
January 15, 2016

Sensitivity before Repainting Element = 7.62 uV / Wm?

End of Report
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PAR (Mast)

Biospherical Instruments Inc.

CALIBRATION CERTIFICATE

Calibration Date 2/17/2015

Model Number QSR240

Serial Number 6357

Operator TPC

Standard Lamp V-033(3/7/12)

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

Probe Conditions at Calibration(in air):

Calibration Voltage: 6 VDC(+)
Probe Current: 7.2 mA

Probe Qutput Voltage:

Probe llluminated 97.3 mV
Probe Dark 1.0 mV
Probe Net Response 96.3 mV
RG780 1.1 mV

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

9.342E+15  quanta/cm®sec
155.13384  UE/m’sec

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

Dry: 1.0304E-17  V/(quanta/cm?sec)
6.2054E-C4  V/(uE/m?sec)

Notes:

1. Annual calibration is recommended.

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

3. The collector should be cleaned frequently with alcohol.

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

QSR240R 05/24/95
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GUV (Mast)

f,;,_-E

y Biospherical Instruments Inc.
L

System Calibration Certificate
THE INSTRUMENTS REFERENCED BELOW WERE FACTORY TESTED AND CALIBRATED BY

BIOSPHERICAL INSTRUMENTS INC.
5340 Riley Street
San Diego, California 92110 USA
Instruments: GUV-2511 No 25110203113

Optical Calibrations:

NIST Traceahility. For wavelengths longer than 313 nm the specific instraments cited here were calibrated using a 1000W FEL #V-
033 (3/3/15) following procedures and standards traceable to NIST Standard of Spectral Inadiance F-§16. Traceability paths and
all procedures for all cahbrated lamps and associated apparatus (shunts, power supplies, DMMs, etc) are mamtained following
calibrztion methodologes per Mational Bureau of Standards (US) (MBS) Special Publication 250-20 Spectral Inadiance
Calibrations (1987) and NBS Publication 53413 Optical Radiation Measurements: The 1973 Scale of Spectral Iradiance (1977).

Solar Calibrations. Lamp calibrations are problematic for solar UV ts (wavelengths below 320 nm) because the solar
spectum 15 radically different from the lamp spectrum and changes greatly as a function of wavelength Solar cahibrations are
achieved through direct companison with measurements of a lngh resolution scanming spectroradiometer in San Dhego (SUW-1000,
which 15 part of the National Seience Foundation’s UV Monitorng Network. The SUV-100 mstrument has a bandwidth of 1 nm.
Calibrated filter radiometer data therefore report spectral radiance at the channel s nominal wavelengths with a bandwadth of 1
nm Solar cabbrations are typically accurate to withm +10% for selar zenith angles smaller than 75°. At larger solar zemith angles,
UV channels have a greater uncertainty due to the rapid change of the solar UV spectrum.

Note that this cerfificate contamns a subset of the information delivered in the
calibration database 25110203113v8.mdb. This database is required for operation of
this system using Biospherical Instruments Inc.’s Logger® software.
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Underway Seawater Sampling System

Micro-TSG 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: seabirdi@seabird.com

SEMSOR SERIAL NUMBER: 0242

CALIBRATION DATE: 20-Dec-14

COEFFICIENTS:
g = -9.971074e-001
1.520779e-001
1 = -3.950938e-004

h -

SBE 45 CONDUCTIVITY CALIBRATION DATA

PS5 1978: C(35,15,0) = 4.2014 Siemens/metear

CPoor - -9.5700e-008

CTcor =
WBOTC

3.2500e-006

= -0.00002+000

] = G5.4B4363e-005
BATH TEMF BATH SAL BATHCOMD INSTFREQ INST COND RESIDUAL
(ITS-80) (PSL) [Siemensim) {Hz) (Siemens/m} (Siemens/m)
22.0000 o.0D0O0 0.o0ooao 2566 .09 0.oDDDOOD 0.o0oooo
1.0000 34.6921 2.96636 5114.98 2.96636 0.00000
4. 5000 314 .6T725 3.27249 5308.26 31.27249 -0.00001
15.0000 34 .6259 4.25116 5882.32 4.25115 -0.00001
18.5000 34 .6209 4.59524 &8071.75 4.59525 0.00001
24.0000 34.6113 5.15149 6364 .85 5.15149 0.o0oooo
25.0000 34 .6D062 5.67177 6626 .90 5.6TLTE -0.00000
1Z2.5000 314 .6D38 6.04311 6807 .56 6.04311 0.o0oooo
f=IMST FREQ * squt(1.0 + WBOTC * )/ 10000
Conductiv ity=(z+h * £+i* £ +j*£)/ (1 +5* t+ £ * p) Siemens ! meter
t = temperamr e[*C)]; p = presswe[decibars]; & = CTcor; £ = CPeor;
Residual = instrument conductivity - bath comductivity
Date, Slope Comection
0.008—------- e —— - o at R - # 29-Dec-12 1.0006918

Resldual, (S/m)
=

——————— | ——

———— -

________|_______

A 20-Dec-14 1.0000000

'~ CLEANING AND
REPLATINIZING CELL

TTATTT rj T IT_rT rT- FT rT—rT- r1_

Cﬂndl.ldmt}', Sbemem.fm
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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

SEMSOR SERIAL NUMBER: 0242
CALIBRATION DATE: 20-Dec-14

COEFFICIENTS:

3.008474e-005
2.771494e-004
= -2.6296792-006
1.581267e-007

ag
al
a2
a3

BATH TEMP

{ITS-80)

1
4

24

- 0000
5000
15.
18.
- 0000
29,
az.

o000
5000

o000
5000

INSTRUMEMNT
QUTPUT
649831,
554B896.
3A52336.
An4724.
244011.
200602,
175478.

L PR B 5 R 6 I = |

SBE 45 TEMPERATURE CALIBRATION DATA

ITS-80 TEMPERATURE SCALE

INST TEMP

(ITS-80)

24

- 0000
5001
15.
18.
-0001
28.
3z.

Lelele 1]
4999

9339
5000

RESIDUAL

(ITS-80)
-0.0000
g.o0o0o1
-0. 0000
-0.0001
o.00ool1
-0.0001
o.goao

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

n = instrument output

E
|
|
-
I
I
I
i
-
I
I
I
I
:_
I
I
:_
I

-ﬂ-ﬂ?—l‘rr 1 'rTTr'r'r [T

Residual, (Degrees C)
=]
I
1
1
1
1
1

]

10

15

o

Temperature, Degrees C

United States Antarctic Program
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Date, Slope Comection
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& 20-Dec-14 000
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Data Report NBP1606

Micro-TSG2

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA

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

SEMNSOR SERIAL NUMBER: 0226

CALIBRATION DATE: 27-May-15

COEFFICIENTS:
g = -1.021321e+000
h = 1.582719e-001

1= -6.

i =

BATH TEMP

T156492-004

7.382137e-005

{ITS-80)

22,
1.
4.

14.

14a.

23.

29,

az.

f=IHST FREQ * squi(1.0 + WEOTC * 1)/ 1000.0
Conductivity =(z+h*f+i* £ +j * £}/ (1 +5 * t+ £ * p) Siemens / meter
t=temperatur [*C)]; p = pressure[dacibars]; § = CTcor £ =
Residnal = instrumant concuctivity - hath condurtivity

Ll L]
L]
5000
3333
5000
29339
Lo Lil4]
S000

BATH SAL

{PSL)

o
34
24
a4
24
a4
24
24

slilili]
6425
6230
-5ED3
-5TDE
-BEDZ
5538
5494

BATH CONMD
[Siemens/m)
o.
96252
. 26828
. 24570
.58930
.14471
.GGAL14
. 03469

L= T B B L B R S TR 6 )

ooooo

SBE 45 CONDUCTIVITY CALIBRATION DATA

PS5 1878: C(35,15,0) = 4.2014 Siemensimetear

CPcor = -3.5700e-008

3.2500e-006
9.8072e-007

INST COMD RESIDUAL
(Siemens/m) (Siemens/m)

CTCOT =

WBOTC =
INST FREQ

(Hz)

2550.19 0.ooDDD
5041.15 2.96251
5230.78 1.26825
5734.74 4.24572
5940.08 4.58931
6B2ET.TE E.l44&B
6525.02 5.66416
&T02.40 &.D03485

0.o0oooo0
-0.00001
0.00001
0.oo0oz2
0.00001
-0.00003
0.o00002
0.00026

Date, Slope Comection

——————————————— F------- @ 13-un-13 1.0001632

& 27-May-15 1.0000000

Resldual, (S/m)

-“-ﬂ'm_l'rﬂ—r-r

1]
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Data Report NBP1606

SENSOR SERIAL NUMBER: 0226
CALIBRATION DATE: 27-May-15

Sea-Bird Electronics, Inc.

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

COEFFICIENTS:

ao
al
a2
a3

= -3.113213e-005
2.790781e-004
- -2.6B0662e2-006
1.600572e-007

BATH TEMP
{ITS-80)

1
4
14

23

- 0000
-S000
-9333
18.
.3333
29,
3.

5000

o000
5000

INSTRUMENT INST TEMP
OUTPUT (ITS-80)
TA43I51.6 1.0000
BIEE09.1 4.4999
405784 .5 14.9999
A51396.6 18. 5000
281937.8 23.9999
232175.4 28.9999
203332.0 3Z.5001

SBE 45 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

RESIDUAL

(ITS-80)
o.aoo0
-0.0001
o.aoo0
a.ooao
-0.0000
-0.0001
g.o0o0o1

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

n = instrument output

Date, Offset (mdeg C)

POST CRUISE
CALIBRATION

e o R B ® 133 022
- : : : : : : : & Z7-May-15 0.00
- I I I I I I I
_ I I I I I I I
I I I I I I I
= I I I I I I I
e e
- - I I I I I I I
[ I I I I I I I
" - I I I I I I I
o _ I I I I I I I
] 1 1 1 1 1 1 1
§ -l gt !
L B e e e
e - I I I I I I I
g _ I I I I I I I
- l I I I I I I
& I I I I I I I
i - I I I I I I I
TR R S S
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I
|

‘“-m_l'l'r'l'l'T'l'T 1 'I'_i'I_T'I'I"l'I'T'I'F_|'I'T'I'F_|_I'T'I' F'I'I'T'I"I"'I'T'I"I"I

]

10 15 20
Temperature, Degrees C
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Data Report NBP1606

Digital Remote Temp

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA

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

SENSOR SERIAL NUMBER: 0178
CALIBRATION DATE: 31-Oct-14

COEFFICIENTS:

Al = -4.694187e-005
2.B20030e-004
a2 = -2.750070e-006
1.681123e-007

al =

a3 =

BATH TEMP

{ITS-80)

-1
1
a

11

<5000
Q000
5000
g.
-S000
15.
18.
2.
25.
29,
az.

Qoo

ooQo
5000
o000
5000
ooQ0
5000

INSTRUMENT INST TEMP
OUTPUT (ITS-80)
T50B66.0 -1.5000
6712335 1.0000
575375.4 4.5000
494797.7 8. 0000
42E6839.8 11.5000
369340.5 15. 0000
320535.0 18. 5000
27B9B0.5 2Z.0000
243493 .8 25 . 5000
2130996 29,0000
186992.8 32 5000

SBE 38 TEMPERATURE CALIBRATION DATA
ITS-00 TEMPERATURE SCALE

RESIDUAL
(ITS-80)
o.ooaoo
-0.000a0
-0.0000
-0.000a0
a.ooao
o.goao
a.ooao
o.ooaoo
-0. 0000
-0.0000
o.aoo0

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

n = instrument output

g
|
1
I
i
-
i_
I
:_
1
1
:_
1
i_
1
1
I

- |

I

- 1

-

— - |

o 1

o - 1

8 B |

a - !
& 04—t

R i

I !

& - |

00— - bommmam

[ 3

e S

D021 7T
|1 [ T1 TT FT

5

[ 3

——— e e e e —— - ——— o

SR

W_FT'FTT_TT'FT_FT1_F]_FT1_FT
10 15

20
Temperature, Degrees C

United States Antarctic Program
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Data Report NBP1606

Transmissometer
PO Box 518 (541) 820-5850
620 Applegate St Fax (541) 020-5277
Philomath, OR 87370 a S www. wetlabs.com
C-Star Calibration
Date 7.6.15 SN CST-880DR Pathlength 25zm
Analog output
Wy 0.058 V
Vr 4T3V
Vi 4622 V
Temperature of calibration water 2417C
Ambient temperature during calibration 25C

Relationship of transmittance (Tr) to beam attenuation coefficient (¢), and pathlength (x. in meters): Tr=&™
To determine beam transmittance: Tr = (Vg - Vasa) § (Wrer - Vo)

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

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

Var  Meter output in air with a clear beam path.

Vit Meter output with clean water in the path.

Temperature of calibration water: temperature of clean water used to obtain V.

Ambient temperature: meter temperature in air during the calibration.
Viig Measured signal output of meter.

Revision M T

United States Antarctic Program



Data Report NBP1606

Fluorometer

PO Bow 518 (541) B20-5650

Sie WET@Labs — zHE%

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 10023/2015 S/M: FLRTD-4158

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

Analog

Analog Analog Range 4

Range1 Range2 (default) Digital
Dark Counts 0.080 0.035 ooz v 42 counts
Scale Factor (5F) g 12 25 pov 0LDOTE pplicount
Maximum Output 01 5M BV 16380 counts
Resolution 0.4 oe 08 mv 1.0 counts
Ambient temperature during characterization 213°C

Analog Range: 1 {most sensitive, 04,000 counts), 2 (midrange. 03,000 counts), 4 (entire range, 016000 counts).
Dark Counts: Signal output of the meter in clean water with black tape ower detector.

5F: Determined using the following equation: 5F = x = (output - dark counts)), where x is the conceniration of the solution
used during instrument characterization. SF s used to derive instrument culput concentration from the raw signal output
iof the fiuorometer.

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

The relationship betwessn uprescance and chiorphyl-a concenirabions in-sty |s highly varabie. The scale factor listed on this

chiorpty
concentration see “Standard Methods for e Examination of Water and Wastewaler™ part 10200 H, pubilshed joindy by the American
[Pubiic: Health Association, Amercan Waber Works Association, and the Waater Environment Fedeation.

FLRTD-415B xds. Revision J IiTne

CTD

United States Antarctic Program



Data Report NBP1606

Conductivity (primary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: 1314
CALIBRATION DATE: 18-Mar-15

COEFFICIENTS:

g = -4.0445007T7e+000
h - 4.675461782-001

1 = -6.734357562-005
i - 2.90265352e-005
BATH TEMP BATH SAL
{ITS-80) {PSL)
LI 1L L] D.0ooO00
-1 0000 34 .6628
1. 0000 34 .6634
15. 0000 34 .6639

18.5000 14 .6637
29,0000 14 .6614
A2.5000 214 .6524

£=1INST FREQ / 10:0:0.0

BATH COND
[Siemens/m)
a.

N & & kR

aoooo
-79336
96414
-25489
60031
67380
-05063

CTCOor -

INST FREQ INST COMD

(kH=z) (Siemens/m)
2.94100 0.o0DDOD
8.25763 2.79338
2.47442 Z2.96413
9.935943 4.25485
10.32003 4.60031
11.37183 5.6T9E9
11.71064 &.05057

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

CPCOr = -9.5700e-008 (nominall
3_2500e-006 (nominall

Conductivity=(g+h* £+i% £ +j * £}/ (1 +5 * t += * p) Siemens / meter

t = temperanrr &[“C)]; p = presaure[decibars]; & = CTcor; £ =

Residual = instrument conductivity - hath comductivity

RESIDUAL
(Siemens/m)
0.o0oooo
0.o00o02
-0.00001
-0.00004
0.o0oooo
0.0ooo9
-0.00006

Date, Slope Comection

——————————————————————— @ 19-Mar-14 1.0000127

4 18-Mar-15 1.0000000

POST CRUISE
CALIBRATION

Tri r -|

0.002-------- P T Al | i i

- 1 1 1 1 1 1

1 1 1 1 1 1

- 1 1 1 1 1 1

- I I I I I I

- 1 1 1 1 1 1
0.001-------- IREEEES. - A e bt LT F--—----

- | | | | | |

_ - : : : | | :

- 1 1 1 1 1 1

S S R S S S
- [ | I > WP _;I__#J,f_f_“‘ﬁ,‘\ls______-

E I I Lj T

2 ) : : : : : .

& - | | | I I I

1 1 1 1 1 1

- 1 1 1 1 1 1
D001------—- F------ 4--—---- [-=—===----=-m—f---=---p-——----

- 1 1 1 1 1 1

1 1 1 1 1 1

- 1 1 1 1 1 1

- 1 1 1 1 1 1

| | | | | |

- | | | | | |

‘“-ﬂ'm-'_l 'I"I'I"I'l"l'r‘l'r 'l'T"I_T - |' ‘I'T"I_T'l'T'I'T T'I’T'I’ T 'l_

0 1 2 3 4 & ]
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Data Report NBP1606

Conductivity (secondary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: 1431

CALIBRATION DATE: 18-Mar-15

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

COEFFICIENTS:
g = -4.10301803e+000 CPCOT = -9.5700e-008 (nominall
h - 5.32725137e-001 CTcor - 3.2500e-006 (nominall
1 = -2.4B702505e2-004
i - 4.093755042-005
BATH TEMFP BATH SAL BATHCOWMD INSTFREQ INST COND RESIDUAL
{ITS-80) (PSU) [Siemens/m) (kH=z) (Siemens/m) (Siemens/m)
0. 0000 0.o0DD o.ooooo 2.TT621 o.ooDDD 0.ooooo0
-1.0000 314 .6628 2.79336 7.75093 2.79335 -0.00001
1.0000 14 .6634 2.96414 T.35430 2.96416 0.oo0oz2
15. 0000 14 .6639 4.25489 9.34722 4.25487 -0.00002
18.5000 14 .6637 4.60031 9.685E8]1 4.60029 -0.00001
29,0000 14 .6614 S5.67280 10.6T7246 5.6T9BE 0.00006
A2.5000 214 .6524 6.05062 10.93048 &.DEDED -0.00004
f=IN5T FREQ / 10:00.0
Conductivity=(g+h* £+i*f +j * £/ (1 + * 1 +2 * ) Siemens | mear
t = temperanr &[“C)]; p = pressure[decibars]; & = CTcor; £ = CPeor;
Residual = instrument conductivity - hath comductivity
Date, Slope Comection
0.002-------- Fo-————- R e Rt Fo-mm=- # 19-Dec-13 0.9999054

Residual, (S/m)
(]

&
g
|
I
I
I
:
1
K
1
i
:
1
.}
1
1
1
1
I
1
1

United States Antarctic Program
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Conductivity, Siemensim

& 18-Mar-15 1.0000000

. POST CRUISE

i CALIBRATION
'r'r—r'r'i"|‘|"|‘r‘I

6 T



Data Report NBP1606

Fish / Pressure Sensor

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: 1130 SBE Bplus PRESSURE CALIBRATION DATA
CALIBRATIOMN DATE: 27-Jan-18 10000 psia S/M 120088

DIGIQUARTZ COEFFICIENTS: ADSI0M, ADSB0B, SLOPE AND OFFSET:
Cl = -4.230776e+004 ADS90M = 1.28100e-002

C2 = 1.4930078e-001 ADS90B = -B.B83931e+000

Cl = 1.507500e-002 Elope = 1.00002

Dl = 3.473000e-002 offeet = -0.1324 (dbarse)}

D2 = 0.000000e+000
Tl = 3.002251e+001
T2 = -2.774200e-004
T = 4.736030e-006
T = 1.754420e-009
TS = 0.000000e+000

PRESSURE INSTRUMENT  INSTRUMENT INSTRUMENT CORRECTED RESIDUAL
{PSIA) OUTPUT (Hz) TEMPERATURE ["C) PRESSURE (PSIA) PRESSURE (PSIA) {PSIA)
14.685 33318.40 21.8 14 .957 14.TES o.o8n

Z001.213 34090.20 2Z.1 2001 .173 Zo01.033 -0.180

I9EE.13Z Z4E42.EBD 22.1 3988 .234 3588.135 o.003

S53TE.14E ZEETT.10 2Z2.1 5375.181 E575.128 -0.01E

TIEZ.51E ZEIS4 .40 22.2 TIEZ 476 THE2.4E9 -0.04E

9945.743 3I6595.50 2.2 9345 .533 349.580 -0.163

T9EZ.054 IEI94.30 22.2 T3&Z.180 TSE2.174 0.120

5373 .24 ZEETE.E0 22.3 5373 478 E573.425 o.ATT

IS9ET.387 Z4E42.ED 22.3 338E.175 1588.075 o.08E

2001.133 34090.30 2Z.3 2001 .373 Z001.3234 0.04L
14.672 33318.40 231 14 763 14.571 -0.10L

Residual (PSIA) = comected instrument pressure - reference pressure

Date, Offset (FS1A)
n—--——q---=q--——- r----r-——-r----q--—--q----- - F----f—-—--- @ 27-Jan-18 0.00
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
aniaiaieints Ennleiels | I E N I | I |
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- - 1 1 1 1 1 1 1 1 1 1
€ _ 1 1 1 1 1 1 1 1 1 1
m 1 1 1 1 1 1 1 1 1 1
S S GRS TN R VU NS S S
w 0 T 1 + | ‘ 1 ‘__ T T
- 1 1 1 1 1 1 1 1 1 1
A E R A S A R A
E - 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
L e
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
] i i | i i i i i i i
-'“]_ITTTT‘iT'I'I'I'i‘l‘l‘l‘l_i_l'l'l'l'i'FTTTTTTTT'I'I'I'I'I‘i'I'I'I'I'I'I'FFFFTTTTTTTTT'
o 1000 2000 3000 4000 5000 GOOD 7OOODO BOO0 GOO0 10000 11000

Pressure (PSIA)
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Data Report NBP1606

S B SEA-BIRD ELECTRONICS, INC.
13431 NE 20th St. Bellevue, Washington 98005 USA
JEARRAARELE: Phone: (425) 643-0866 Fax: (425) 543-0854 www.seabird.com

Pressure Test Certificate

Customer Lockheed Martin Antarctic Support
Job Mumber BT360

Date 1/27/2016

Technician PSS

|Serial Number ~ D9P70675-1130 |
Low Pressure (P30 | &0 Pal

Time (Minutesi 15 Minutes
High Prossyre (PSI) 10000 PSI
Time iMinutes) 60 Minutes
Pass ]

Fail O

Commants

[Top endcap, bulkhead connaciors, housing, and O rings replaced.

High pressure is genarally egqual

to the maximum depth rating of
the instrument.
Pressura
Time
Typical Test Profile
A
Friday, February 05, 2016 Page 1 of 1

United States Antarctic Program



Data Report NBP1606

Dissolved Oxygen (primary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: 050
CALIBRATIOMN DATE: 18-Jan-18

SBE 432 OXYGEN CALIBRATION DATA

COEFFICIENTS: A=-41885e-003 NOMIMAL DYMNAMIC COEFFICIENTS
Soc = 04575 B= 2.0173=-004 D1 = 1.92634e4 H1 = -3.300000e-2
Voffset = -0.4905 C = -2 5060=-008 DZ = 4.84803e-2 H2 = 5.00000e+3
Tau20=1.14 E nominal = 0.038 H3 = 1.45000e+3
BATH BATH BATH INSTRUMENT INSTRUMENT RESIDUAL
CIXYGEN [mil) TEMPERATURE (" C) SALINITY {PSU} OUTPUT {voits) CICYEEN {mil) iy
1.14 Z.00 Q.00 0.74% 1.14 -0.01
1.15 E.00 a.0o0 0.784 1.15 -0.0o
1.1& 1z.00 a.o0 0.83E 1.1 -0.00
1.18 Z0.00 .00 0. 8905 1.18 ~-0.00
1.18 ZE.00 Q.00 0.956 1.1%9 o.oo
1.1% I0.00 a.0o0 0.98E 1.1%9 o.oo
3.89 Z.00 a.o0 1.377 3.ES o.oo
3.3z E.00 .00 1.434 3.532 o.oo
3.23 1Z.00 Q.00 1.680 3.53 -0.o0
3.85 Z0.00 a.0o0 1.882 3.6 o.oo
356 ZE.00 a.o0 2.044 3.57 0.01
.38 I0.00 .00 Z.156 .58 o.oo
E.E65 Z.00 Q.00 Z.003 665 -0.o0
E.EE E.00 a.0o0 2.13%9 &.EB o.oo
[ 1] Z0.00 a.o0 2.843 &.E9 -0.00
E.T1 1Z.00 .00 I.487 E.T1 ~-0.00
E.74 ZE.00 Q.00 3.12B &.74 -0.o0
[ I0.00 a.0o0 3.31% &.TE -0.01

W= instrument owtpat (volis);

Oms0l(T.5) = oxygen sammation (ml1); P = pressure (dbar)
Omygen (mlT) = Soc * (\'+1‘nﬂi’.et)‘{l.ﬂ+.ﬂ'T+B‘Tz+C‘Tj}‘ Oresol(T,5) * exp(E * P/E)
Besidual (mlT) = instnoment coxygen - bath oxyzen

T = temperatare (°C); 5 = salimity (P5L); K = temperature (“K)

Date, Slope (ml1)
D4—————q----- +———=- F---—-q4--—--- R e BT F---=- - @ 24-Feb-15 1.0205
- ! ! ! ! ! ! ! ! ! A 16-Jan-16 1.0000
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
N | i i | i | | i |
02——-——q----- T————- [ e bt T-—————---q-———- T-———- -
—_ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- i i i i i i i i i
o -
E - i i d i i i i i i
e A s e e« s e
Ty
- i i i i i | i i i
- 1 1 1 1 1 I 1 1 1
2w e M| | POST CRUISE
- ! : ! ! ! ! ! ' CALIBRATION
Z i i i i i i i i i
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
] 1 1 ] 1 1 ] 1 1
'0-4IrT-r-|-JI-|-rrrl-r-m-l-grr'r'rlﬂ-rrrL'r1-|-|-brrr'r111-rrrg11-|-|-£rr'r'r'l
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Data Report NBP1606

Dissolved Oxygen (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: seabirdi@seabird.com

SENSOR SERIAL NUMBER: 055
CALIBRATIOMN DATE: 14-Jan-18

SBE 432 OXYGEN CALIBRATION DATA

COEFFICIENTS: A=-48313=-003 NOMIMAL DYMNAMIC COEFFICIENTS
Soc = 0.5578 B = 2.1086=-004 D1 = 1.92634e4 H1 = -3.300000e-2
Voffset = -0.4875 C =-3.3125=008 DZ = 4.84803e-2 H2 = 5.00000e+3
Tau20 =177 E nominal = 0.038 H3 = 1.45000e+3
BATH BATH BATH INSTRUMENT INSTRUMENT RESIDUAL
CIXYGEN [mil) TEMPERATURE (" C) SALINITY {PSU} OUTPUT {voits) CICYEEN {mil) iy
1.18 ZE.00 Q.00 0.88E 1.18 -0.o0
1.1% I0.00 a.0o0 0.91E 1.1%9 o.oo
1.zZ0 Z0.00 a.o0 0. B4E 1.1%9 -0.00
1.z0 Z.00 .00 o722 1.20 ~-0.00
1.22 1Z.00 Q.00 0.736 1.22 -0.o0
1.23 E.00 a.0o0 0.75E 1.13 -0.0o
3.9l Z.00 a.o0 1.22B 3.51 o.oo
3.3z 1Z.00 .00 1.481 3.53 o.oo
3.94 Z0.00 Q.00 1.647 3.54 o.oo
3.94 I0.00 a.0o0 1.887 3.54 -0.0o
3.ss E.00 a.o0 1.327 3.55 -0.00
3.35 2E.00 .00 1.733 3.55 0.0L
.67 E&.00 Q.00 1.83% E.E7 o.oo
E.EE I0.00 a.0o0 I.852 &.EB o.oo
E.EE 1z.00 a.o0 2.136 &.E8 -0.00
E.E9 2E.00 .00 I.68% &.E9 ~-0.00
E.69 Z0.00 Q.00 Z.452 6.9 o.oo
E.T1 Z.00 a.0o0 1.750 &.T0 -0.0o

W= instrument owtpat (volis);

T = temperatare (°C); 5 = salimity (P5L); K = temperature (“K)
Oms0l(T.5) = oxygen sammation (ml1); P = pressure (dbar)
ﬂx}'gm-l::ullu=5u"(\'+1‘nﬂi’.et)‘{l.ﬂ+.ﬂ'T+B"I‘z+C‘Tj}'D:snl{T,S}‘Elp(‘E‘PfE)
Besidual (mlT) = instnoment coxygen - bath oxyzen

Date, Slope (ml1)
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