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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All the data has been archived using ‘tar’ and compressed using ‘gzip’, identified by the “.tz’ extension.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: NBP17-09

File Description
/ Root level directory
NBP17-09.gmt GMT binary file of MGD77 data
NBP17-09.mgd Full Cruise MGD77 data file
NBP17-09.trk Text file of cruise track
NBP1709DATA.docx Data Report NBP17-09 (MS Word)
NBP1709DATA. pdf Data Report NBP17-09 (PDF format)
INSTCOEF.TXT Instrument Coefficient File
NBP1709map.pdf Cruise Track Map
NBP1709-study-area.pdf Cruise Track of the Study Area
/process Processed data
NBP1709JGOF. tz JGOFS format data files
NBP1709MGD. tz MGD Data
NBP1709PCO2. tz Merged pCO2 data files
NBP1709PROC. tz Other processed data
NBP1709QC.tz Daily RVDAS QC postcript plots
/rvdas/nav Navigation data
NBP1709adcp. tz ADCP Data Sets
NBP1709gyrl.tz Gyro raw data
NBP1709s330.tz Seapath 330 data
NBP1709seap.tz Seapath 200 data
/rvdas/uw Underway data
NBP1709bwnc. tz Baltic winch data
NBP1709ctdd. tz CTD depth data
NBP1709engl.tz Engineering data
NBP1709grvl.tz Gravimeter data
NBP1709hdas.tz HydroDAS raw data
NBP1709knud. tz Knudsen raw data
NBP1709mbdp. tz Multi-beam depth
NBP1709mwx1.tz Meteorology raw data
NBP1709pcoZ2.tz pCO2, raw data
NBP1709pguv. tz GUV raw data
NBP1709rtmp.tz Remote Temperature data
NBP1709tsgl.tz Micro TSG1 data
NBP1709tsg2.tz Micro TSGZ2 data
NBP1709twnc.tz Trawl winch data
/ocean Ocean data
NBP1709ctd. tz CTD Data
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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. 1list 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

USAP
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Distribution Contents

Cruise Track
The distribution DVD includes a GMT cruise track file (NBP17-09.trk). It contains the longitude and latitude at one-
minute intervals extracted from the NBP17-09.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 NBP1709proc.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
guestions, please contact itvessel@usap.gov.

USAP
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JGOFS

RVIB Nathaniel B. Palmer

The JGOFS data set can be found on the distribution media in the file /process/NBP17-09JGOF.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 UTC Date dd/mm/yy
02 UTC Time hh:mm:ss
03 Seapath Latitude (negative is South) tt.tttt
04 Seapath Longitude (negative is West) ggg.gegs
05 Speed Over Ground knots
06 GPS HDOP -
07 Gyro Heading Degrees (azimuth)
08 Course Made Good Degrees (azimuth)
09 Mast PAR UEinstein's/meter2
10 Sea Surface Temperature °C
11 Sea Surface Conductivity siemens/meter
12 Sea Surface Salinity PSU
13 Sea Depth (uncorrected, calc. sw soud vel. 1500 m/s) meters
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 %
18 Barometric Pressure mBars
19 Sea Surface Fluorometry volts (0-5 FSO)
20 Transmissometry %
21 PSP W/m?2
22 PIR 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 NBP17-09.mgd. The file NBP17-09.gmt is created from the MGD77 dataset using the “mgd77togmt”
utility. NBP17-09.gmt can be used with the GMT plotting package.

The data used to produce the NBP17-09.mgd file can be found on the distribution media in the file
/process/NBP1709proc.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.

USAP
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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 UTC when added; 0=UTC
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 travel In 10,000th of seconds. Corrected for transducer depth and
time other such corrections.
52-57 6 real Bathymetric, corrected In tenths of meters
depth
58-59 2 int Bathymetric correction This code details the procedure used for determining the
code 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, 1% In tenths of nanoteslas (gammas)
sensor
67-72 6 real Magnetics total field, 2" In tenths of nanoteslas (gammas), for trailing sensor
sensor
73-78 6 real Magnetics residual field In tenths of nanoteslas (gammas). The reference field used is
in Header Seq. 13
79 1 int Sensor for residual field 1 = 1% or leading sensor, 2 = 2" or trailing sensor, 9 =
Unspecified
80-84 5 real Magnetics diurnal In tenths of nanoteslas (gammas). (In nanoteslas) if 9-filled
correction (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.
85-90 6 F6.0 Depth or altitude of (In meters). Positive = Below sea level, 3 = Above sea level
magnetics sensor
91-97 7 real Observed gravity In 10*" of mgals. Corrected for Eotvos, drift, tares
98-103 6 real EOTVOS correction In 10t of mgals.
E=7.5 V 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
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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 orin 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 NBP1709adcp.tar in the directory /rvdas/nav.

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 NBP1709pco2.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).
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Cruise Science

CTD
The CTD data has been placed in the tar file /ocean/NBP17-09ctd.tar. The archive contains tar files NBP17-09proc.tar.

XBT

During a cruise, eXpendable BathyThermographs (XBTs) may have been used to obtain water column temperature
profiles, providing corrections to the sound velocity profile for the multibeam system. The data files from those launches
would be included as NBP1709xbt.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: NBP17-09mwx1.d025

e The CruiselD is the numeric name of the cruise, in this case, NBP17-09.

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

e DDD s the day of year the data was collected

USAP
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Underway Sensors

Meteorology and Radiometry

RVIB Nathaniel B. Palmer

Measurement String ID Collection Status Rate Instrument

Air Temperature mwx1 (met) Continuous 1/sec RM Young 41372LC

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

Wind Speed / Direction  mwx1 (pus,sus) Continuous 1/sec Gill Instruments 1390-PK-062

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

PAR mwx1 (met) Continuous 1/sec Biospherical Instruments QSR-240

PIR mwx1 (met) Continuous 1/sec Eppley PIR

PSP mwx1 (met) Continuous 1/sec Eppley PSP

GUV pguv Continuous 2/sec Biospherical Instruments GUV-2511
Geophysics

Measurement String ID  Collection Status Rate Instrument

Gravimeter grvl Continuous 1/sec BGM3/210

Bathymetry knud Continuous varies Knudsen Chirp

Bathymetry mbdp Continuous varies Kongsberg EM122
Oceanography

Measurement String ID  Collection Status Rate Instrument

Conductivity tsgl,tsg2 Continuous 0.5/sec Sea-Bird SBE 45

Ocean Surface Temperature rtmp Continuous 1.2/sec Sea-Bird SBE 38

Transmissometer hdas Continuous 0.5/sec Wetlabs C-Star

Fluorometer hdas Continuous 0.5/sec Wetlabs AFLT

pCO; pco2 Continuous 0.017/sec LDEO instrumentation

ADCP adcp Continuous 1/sec UHDAS

Bathymetry sim1l Continuous varies Simrad EK60 Sonar
Navigational Instruments

Measurement String ID  Collection Status Rate Instrument

Heading, Speed, Course, s330 Continuous 1/sec Seapath 330 GPS

GPS, Heave, Roll and Pitch

Heading, Speed, Course, seap Continuous 1/sec Seapath 200 GPS

GPS, Heave, Roll and Pitch

Heading, Speed, Course, PCOD Continuous 1/sec Furuno GP-330B

and GPS

Heading gyrl Continuous 0.2/sec Yokogawa Compass

USAP
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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

ss.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: = @. 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 page 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.

USAP 11
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Underway Data /rvdas/uw
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) ~ xaxooox  omvV.
PIR Case Temperature XXX XXXX
'PIRDome Temperature  xeweex Ko
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 XXX

M = Meters (for previous) X

Sonic Temperature XXX.XX

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

degrees

USAP 12
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/A
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 XXX degrees

M = Meters (for previous) X

Sonic Temperature XXX. XX

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 X.XXXX

Valid Flag X

High Frequency Depth XXXX. XX

Sound Speed Velocity XXXX

Longitude XX XXXXXX degrees

10

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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Data Report NBP17-09 RVIB Nathaniel B. Palmer

pCO: (pco2)
15+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

Equilibrator Temperature, SBE38

12 Flow Source* text
pCO, time tag
ttt = fractional time of day
Flow Source
Equil = pCO2 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

USAP 14
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GUV (pguv)

154057:14:51:33.808 022615 065133

.417814 -4.466095

.000132 .010878

.047479

.004407 -.002799 .014652

RVIB Nathaniel B. Palmer

.027558 .094395

Field Data Format Unit

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

2 Date mmddyy UTC-4

3 Time hhmmss uUTC-4

4 EJOGND (sensor ground voltage) XXXXXX \Y,

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 uWwW

9 Ed0380 (downwelling 380nm irradiance) XXXXXX uW

10 EJOPAR (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 Vv
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 \Y

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.

USAP
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

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 Vv

Fluorometer XXX XXXX mV

Sea Water Valve* X -lor0

Flow Meter 2 Frequency XX.X Hz

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 alphanumeric

4 Winch Name alphabetical

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

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

Field Data Format Unit

KIDPT

Checksum

USAP 16



Data Report NBP17-09 RVIB Nathaniel B. Palmer

Fluorometer (flr1)
17+241:00:00:22.630 99/99/99 99:99:99 695 83 538

Field Data Format Unit

Ignore

Wavelength (Not used)

6 Internal Thermistor (Not used) XXX Therm

USAP 17
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Navigational Data /rvdas/nav

GPS (s330, seap, PCOD)
1. Seapath 330
a. NMEA 0183 strings
i. GPZDA
ii. GPGGA
iii. GPVTG
iv. GPHDT
v. GPRMC
b. Proprietary Strings
i. PSXN 20
ii. PSXN 22
iii. PSXN 23
2. Seapath 200
a. NMEA 0182 strings
i. GPZDA
ii. GPGGA
iii. GPVTG
iv. GPHDT
b. Proprietary Strings
i. PSXN 20
ii. PSXN 22
iii. PSXN 23
3. Furuno GP-330B
a. NMEA 0183 strings

i. GPZDA
ii. GPGGA
iii. GPVTG
iv. GPRMC
v. GPGLL
vi. GPDTM

RVIB Nathaniel B. Palmer

USAP
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

GPZDA
15+4051:21:02:04.507 $GPZDA,210204.39,20,02,2015, ,*6F

Field Data Format Unit

SGPZDA

Year yyyy uTC
8 Checksum XX alphanumeric

GPGGA
15+051:21:02:02.507 $GPGGA,210202.38,7712.979244,5,16741.040258,w,1,12,0.7,-5.04,M,-55.90,M, ,*6F

Field Data Format Unit

SGPGGA

Latitude ddmm.mmmmmm degrees

Longitude ddmm.mmmmmm degrees

GPS quality indicator* X 0,1,2,3,4,5,0r6

HDOP .
M = Meters (for previous)

M = Meters (for previous)

Station ID of DGPS (if used) X numeric

Quality
0 =invalid, 1 = GPS SPS, 2 = DGPS, 3 = PPS, 4 = RTK, 5 = float RTK, 6 = dead reckoning
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GPVTG
154051:16:47:06.625 $GPVTG,357.84,T,251.99,M,9.5,N,17.7,K,A*15

Field Data Format Unit

SGPVTG

T = True (for previous)

M = Magnetic (for previous)

N = knots (for previous)

K = km per hour (for previous) K

12 Checksum XX alphanumeric

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

GPRMC
15+4051:21:02:04.741 $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* AorN

North or South (for previous) NorS

East or West (for previous) EorW

Course over Ground True . degrees

Magnetic Variation . degrees

Mode* X alphanumeric
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GPHDT
15+051:21:02:04.741 $GPHDT,268.87,T*06

Field Data Format Unit

SGPHDT

T = True (for previous)

GPGLL
16+077:00:00:00.725 $GPGLL,6356.6505,S,05716.0002,W,000000,A,A*4F

Field Data Format Unit

SGPGLL

North or South (for previous) X NorS
East or West (for previous) X EorW
Status* X AorV
10 Checksum XX alphanumeric
Status
A = Data Valid, V = Data not valid
Modes

A = GPS used, D =DGPS used, E=Dead reckoning used, M = Manual input mode, S = Simulator Mode, N = Invalid position / velocity

GPDTM
16+077:00:00:02.527 $GPDTM,W84,,0000.0000,N,00000.0000,E,0.0,W84*5F

Field Data Format Unit

SGPDTM

Local datum subdivision code numeric

North or South (for previous) NorS

East or West (for previous) EorW

Reference datum code* alphanumeric

Datum Codes
W84 = WGS84, W72 = WGS72, S85 = SGS85, P90 = PE90, 999 = User defined
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PSXN 20
15+051:22:20:58.740 $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
154051:22:20:59.019 $PSXN,22,0.43,0.50*3B

Field Data Format Unit

SPSXN

Gyro calibration value since system startup . degrees

6 Checksum XX alphanumeric
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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

Checksum XX alphanumeric

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

Field Data Format Unit

SHEHDT

T = True (for previous)

ADCP Course (adcp)
15+049:20:20:57.327 $PUHAW,UVH,-0.07,-4.59,179.3

Field Data Format Unit

SPUHAW

Ship Speed relative to reference layer, east vector XXX knots

6 Ship heading X.XX degrees
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Processed Data /process

pCO:2 - Merged
15+055:11:24:43.960 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

Cell Temperature

XX. XX C

Flowrate

VCO, Concentration

Equilibrator Temperature, SBE38 XX.XX C

12 Flow Source* text

latitude  oxxox degrees
14 Longitude XXX XXXXX degrees

‘Sea Water Intake Temperature oo C
16 Sea Surface Salinity XX. XXX PSU

‘SeaSurface Fluorometry — xo mg/m’
18 True Wind Speed X.XX m/s

20 Barometric Pressure

22 Speed over Ground XXX
24 Unused

26 TSG2 Salinity XX.XX PSU
28 Sea Water Valve* X -lor0
pCO, time tag
ttt = fractional time of day
Flow Source

Equil = pCO2 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 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 = 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.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

RVIB Nathaniel B. Palmer

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))

USAP
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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 UTC.

Start End Description
330:19:12 330:19:19 Data collection stopped to clear non-functional data logger on RVDAS

that was disabling the serial feed for the Garmin/pcode GPS

333:21:35 333:21:58 Data collection interrupted to reset displays. RVDAS control were being
run from a displayer due to the water damage to discovery during the
open period
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Appendix A: Sensors

NBP17-09 Sensors

RVIB Nathaniel B. Palmer

Sensor Manufacturer Model Serial No. Last Cal Date Comments
Meteorology and Radiometry

Anemometer RM Young 5106 WM128975 10/27/2011 ECO/Bridge
Anemometer, U/S Gill Instruments 1390-PK-062 847014 9/29/2010 Starboard Side
Anemometer, U/S Gill Instruments 1390-PK-062 924057 11/18/2009 Port Side
Barometer RM Young 61201 01705 1/22/2016

Barometer Vaisala PTB210B M2750443 7/13/2016

Humidity/Wet Temp RM Young 41382LC 06733 10/6/2016

PAR for Mast Biosph. Inst. QSR-2200 20531 3/8/2017

PIR Eppley PIR 33023F3 10/19/2016

PSP Eppley PSP 33090F3 10/18/2016

GUV (Mast) Biosph. Inst. GUV-2511 25110203113 5/31/2017

Sensor Manufacturer Model Serial No. Last Cal Date Comments
CTD

SBE 11+ Deck Unit Sea-Bird 11+ 11P47914-0768 NA

Conductivity Sea-Bird 4-02/0 041314 12/1/2016 Primary
Conductivity Sea-Bird 4C 6800m 041798 3/22/2016 Secondary
CTD Fish Sea-Bird SBE 9+ 91480 1/19/2017

CTD Pressure Sensor Paroscientific 410K-105 53952 1/19/2017

Dissolved Oxygen Sea-Bird SBE 43 0150 11/18/2016 Primary
Dissolved Oxygen Sea-Bird SBE 43 0155 11/18/2016 Secondary
CTD Pump Sea-Bird 5T, PN 90543 055641 3.0K 1/3/2017 Primary
CTD Pump Sea-Bird 5T, PN 90543 055643 3.0K 1/3/2017 Secondary
Fluorometer WetLabs FLRTD FLRTD-1482 3/19/2016

Temperature Sea-Bird 3-02/F 031649 3/14/2016 Primary
Temperature Sea-Bird 3plus 6800m 03P5730 2/26/2016 Secondary
Transmissometer WET Labs C-Star CST-439DR 7/29/2016

Sensor Manufacturer Model Serial No. Last Cal Date Comments
Underway Seawater Sampling System

Fluorometer WetLabs FLRTD FLRTD-855 1/27/2016

Transmissometer WET Labs C-Star CST-1581DR 3/30/2016

Micro-TSG Sea-Bird SBE 45 4549120-0226 2/19/2017 Primary
Micro-TSG Sea-Bird SBE 45 4566350-0389 10/5/2016 Secondary
Digital Remote Temp Sea-Bird SBE 38 3846730-0323 1/23/2016
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Appendix B: Calibration Sheets

Gravity

BGM3 ship-to-shore gravity tie report

AUKON/CHIN, vessel: R/V Palmer

Release Date: 2017/06/17 03:11:38 UTC

Sensor: 5210
Software version: 1.2

Port/Pier /Berth: LYTTLETON PIER 7

(Gravity station nmumber

4867324 CHRISTCHURCH

Station name

NEW ZEALAND NATIONAL GRAVITY BASE STATION

mGal at pior OR0G05.T1
Tie start time UTC 2017/06/17 02:10:19.792

Samples nsed 3600

Land tie used Yes
Water height to pier 1 12 ft 3 in
Water height to pier 2 12 fi & in
Water height to pier 3 12t 11 in

Average of filkered connts 25034. 800152604

Filter length 181

Seale factor 4. 994070552

NEW BIAS B55481.29

Table 1: Gravity tie information

RVIB Nathaniel B. Palmer
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Meteorology

Anemometers
Cal sheet not required
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Barometer 1

R.M. Young Company
‘il sere Park Dinee
Traverse Cige. Mizhigan <3584 LEA
WOLING
CALIBRATION REPORT

Barometric Pressure

Customer Lockheed Martin
Tast Number §122 ME Customer PO 4102344081
Test Zate: 22 January 2018 Saes Qrder: 5254

Tast Sensar
Wodsl B1207 Seral Mumber: BRR{705
Description: Bararmatns Pressure Sensar

Repot of calibration compariser of st berometric pressure sensor with Mational Institule of Standarda and
Techrology traceable standard pressdre calibralor @l five pressuras in the R Young Compeny controlled
pressure facility. Calibration scowacy + 1.0 hFa.

| Heference wolags Idicamed (1)
Pressue outout Pressue
(hPa} {millival:s ihPa;
2200 il 2100
BFz0 1250 arad
5500 25N
“OZE.0 750
RaL ] 4955

{1} Calculated from veltage output

All reference equipmeant uzed in this galibration procadures hawve been tested by comparisor o traceahle
standards cedified by the Mational Instituse of Stardards and Technclogy.

Reference Instrument Szcigl # MIST Test Reference
Cruck Pressure Cartrallar Madel OPI515 51600407 045587
Fluse Mullimetzr Madel 80204 4865407 2304807

Testad By: {E izﬂa"‘f

ICAL TNSTRUMERNTS
2 Emalb medssleadipainguas 2am Mamie pourdLsa.com
3007 2008 CERTIFIED

RVIB Nathaniel B. Palmer
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Barometer 2

‘F

Instrument
Serial number
Manufacturer
Calibration date

Tha aboue inslrurrent was caliorsted by compiring the

The preesurc repdings of the factery
sboratory (FINASY, Vaisali Measuremen

Calibration results

PTB210R DNigital SBarcrmater
M2750442

Waisaa Oy, linland

13th wuly 2015

147

Certdicale repon ro. - 1d4-15280021

CALIBRATION CERTIFICATE

JEINIT 200 o

dings of the insirun:2nt 10 the faciury wesing slandasa of Vaisala

working slanasrd have peen zalibralec at an ISONCC 17025 acureditzs calibrabiorn
{ Stardarcs Lavorzory (MSL) by using ISL workiag efendards traceabla ta KIS 7.

Refsrence Obhserved Carmrection” Acceptance limit
____hPa hPa hPa hPa
0.0 3100 0.0 =0.

0 610.0 nn =0 B
= 0 7I0. 00 £0, =
. 810.00 0.0 +0.2
[oX H10.0 0.c 0.2

570, 9500 Q. + 0.2
1000.u 1603 D 0.C £C
L 1098.C 10€30 0.0 0.2

L -
Te obtain the trus cressure, add the marrection 1o the barometer rearling.

Intripalated comecticns may be used ai Mermedae readings of the stale ol the baromcter.

Equiprnent used In calibration

Type
BEC4

Serial number Calibration date
810 20180321

Uncertainty (95 % confidence level, k=2)

Pressure

Ambient Conditions
Humidity
Temgpecaiun:
Prassure

+0.25hPa

2% HRH L5 %RH

21°C11%C
1002 hPa L1 hPe
\ ‘\)
S
s

Tachnican

This report shail not be reorgauced except i full, withoul ite wiitten apnioval of VASE's

Cerfificate number

KOOa-Yo1538

dacZ23687-0

RVIB Nathaniel B. Palmer
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Temperature / Humidity

R.M. Young Company
2HUI fero Park Urvz
Traveesn Cry, Micvgan 19686 LISH
YOUNG
CALIBRATION REPORT

Temperature

Customer Lockheed Martin

Test Numker S005-01T Customer PO, 4102385716
Test Datz & Octooer 2076 Sales Order. 5771

Test Sensor.
Mocal d412682LC2 Serigl Nuriber. TS06733
Description. Temperature/Relative Humidity Sensor

Report of calibration comparison of 1est tempe-ature senser with Natcnal Institute of Standards and
Technolugy lisceable slandaid thermomelter @t thiee temperatures in the R.M. Young Company
controlled temperature calibration facilities. Calibration accuracy L 0.2° Celslus.

Reference Current Indicated (1} Caleulated (2)
Temparature Qutput Temperature Temparature
i [mA} ideqrees C} (dearees C}
45.29 1827 45.47 4528
19.95 1524 20.27 19.97
-10.38 1041 -0.94 -10.38

(11 Calculated from zurrent autoud.
(2] Calculated values using derived formula: T = -75.745 + mA * 5.27898

Al reference equipment used in this calioraton procedure have been tested by comparison to traceable
standards cerlified by the National Institute of Standards and Technalagy.

Reference Insirumen: Serial #

Brooklyn Thermometer Model 43-FC 80Cs-115 204650
Brooklyn Thermometer Model 22332-D3-FC 26071 W20465Y
Brooklyn Thermometer Model 2X400-D7-FC 77532 W204B82
Keithley Mu tmeter Medel 11 15232 7124315

Teslad By é \ ,&@é

IHCAL ENSTRUMENRTS
54772 E-wi. (M6t 53158EDYCUNGUSE OO Whies . YCUNGUSE 30M
CQ1:2208 CERTIFIED

@ -
[+]
w

RVIB Nathaniel B. Palmer
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R.M. Young Company
2800 Aprg Fark Dirie
Irzverse Chy. HMichigr #5686 LISA

CALIBRATION REPORT
Relative Humidity

Custerer: Lackhesd Martin

Test Mumaer: GLOS-0°R Cuslamer FO: 4102885713
Tes: Date: & Cotober 2015 Bales Orger: 571

i 1gar
Modal: 41382002 Serigl Number: TE06733
Cescription Temparatura’Relative Humidily Sansor

Report of calibration comparizan of tast relative humidily sensor with National Instituze of Standards and
Technolagy tracaable standard ralative humidty sensor at five numidity gvels in the R Young Cormpany
cortralisd humdty chamoer facility. Cslioration accuracy = 2.0 %,

Reference Current Indicatad {1}
Hurmidicy Quitpus Humidity
] il #inps] {3
0.1 LT 0.8
301 o] 309
A0.0 12.3 e
T0.0 154 713
|01 18.6 91
(13 Calculated from vaoliage output

All reference equipment usad in this calibration procedure Fave been tested by companson to traceable
standa ds cenified by the Matianal Institute of Stancards and Techrology.

Eefersnce In I Serinl # MIST Tast Rafeience
WaIgAR Hurmdy Sensor Macs! 3hat M ) TN 265152
Fluks Multimeater Mogsl 80604 4865407 BA04887

Teated By é Eé%

METEOROLOGICAL INSTRUMEHNTSES
o 231-945-3980 Fan 231546772 Emal: matezales@lyaLagasa.com Webs b ySunpasa.cam
153 8304 FI0E SERTISIE

RVIB Nathaniel B. Palmer
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PIR

g THE EPPLEY LABORATORY, INC,

12 SheTield Avenue, PO Bav 419, Newporl, Rhade Jaland USA 02840
Mone: 401 Z27 1020 Fax: 40LR4T 1431 Lmwil: info@epplesiah.comn

PLAB

H

Calibration Certificate

Instrument: Precision Infrared Rudiomeeer, Model PIR. Serial Number 1302383
Pracedure: This pyreeometer was compared against Eppley™s Blackbody Caliblativn Sysiem

under radiation intensilies ol approximately 35¢ W ? with an average ambivnt
temperature al 23%C accurding o procedures described iy Technical Procedure,
FPD3 of The Eppley Laboratory. Tne.'s Guality Azsurance Muauel un Culibrations.

Transfer Standard: Eppley Previsiun Infrured Radiomerer, Mode] PIR. Serial Nomher 32227F3

Resths; Semsitivity:  8=3.91 pv/ Wm™
L uzertaingy: Ly =2 1.7%  {95% venfidence level, k=2)
Rasistance: 739 02 at 23°C
Dute of l'est: Ocwober 19, 2016
Traceubility: I'his calibration is taveable w the Biernarional Practical Testperture Suale {IP15).

Additionalby, transfer standlacd PIR #3222773 provides traceability to the World
Lnliared Standund Group (W15G) of pyzgeometers huused at the ir frared Radinmetry
Section of the World Radiation Centre (WRC-IRS) Unless ofherwise stated in the
remarks seetion below or on Lhe Sales Order, the resnlts of this calibration are “AS
FOUND fASLLITI™

Mue Crate: Lppley rees ds a mind calibration eyele of five (§) veurs bul encoumges
anrual calibrativns for highest measyremen: acoumicy.

Custamer; Leidos Innovat:ens Carp
Poit Hucoene, CA

D Gy W

Signatures: In Charge of Test: Rev ewed by:
Eppley SO 6821

Date of Certiticare Ovtober 19, 2016

Remniuks: Custorier lntmment 866-0003 (4843

e ef Doport

RVIB Nathaniel B. Palmer
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PSP

12 SheMield Avenne, PO} Rax 419, Newport, Rhode Island USA 02840
Phonez 4C1LETI020 Fae A01.8¢7.0031  Emiail: infui@eppleylus.com

Calibration Certificate

THE EPPLEY LABORATORY, INC.

Instrument;

Procedure:

Precisicn Speetral Pyranometer, Model PSP, Serial Number 3309013

This pyrenometer was compared in Lppiey’s Infearating [lemisphere accerding to
provedures descr’bod in FSO 9847 Section 5.3.7 and Technicn] Procedure, 1701 of
The Lippley 1ahoratars, In."s Quality As Manual on Culibrations.

Transfer Standard: kppley Standacd Prevision Pyranomerer, Mudel SPP, Sesial Number 37501F3

Resulis:

Teaceabilily:

Due Date:

Custemer:

Sipnatures:

Eppley SO:

.D- G\ R of e /M owied .

Sensitivity:  $=7.90 uV/ W’

Uncertainty: Ui =_091% [93% canfidence Jevel, k-2)
Resistance: 0 €2 1t 23°C
Date of Test: Ovtoher 18, 2016

“T'his ealibiation is raceable to che World Rudiatior: Reference {WRR} theough
camparisans with Eppley”s AHF staudard seli<calibraring cavity pychelivmstens
which pacticipated in the ‘Tweltih [otematione] Pyrheliometeic Comparisuns (1P
X0 at Davos, Switzerland in S¢prember-Outoher 2015, Unless otherwise stated in
the remarks section belw or on the Sales Order, the esnlrs of this calibration sre
"AS FOUND S AS LEFT™.

Fppley recommends a minimure ealibration vyele of five (5) years bul encourages
annual ealibrations fur highest measuvenient ucvuracy.

1.cidas lnnovatious Corp
Port Hucaneuw, CA
/‘”

——

In{ ‘ilarge o Test Reviewed by:

611822

Date of Certificate October 19, 2016

Renzarks:

Custenmer Iustrument 11 #866-00038044

Fad af baperry

RVIB Nathaniel B. Palmer
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PAR (Mast)

QERZ40R D52498

Biospherical Instruments Inc.

CALIERATION CERTIFICAT=

Czlib-auon Date &0

Model Numkber QSRZ200
Serial Number 20531
Operator TPC
Standard Lamp 91453{7:20/16)
Frobe Excitaton Yoli2ge Range: & 10 18 %DCi+}
Output Polacity. POSITIVE
Ca bratien voltage: 2] VOCHD
Prabe Current 40 mA,

Frobe Outout Vol:zge:

Prabe lllumirated 01 my
Probe Dark 10 my
Probe Net Response 881 my
RC782 1.1 my

Corrected Lamp Outout
Cutput In &ir (same ccnditon as cal orator)
B.379L+15  gquantalcmisec

0013514 ullemsec
Calibrston Scas Fsctor

{To calowlsts irmadiancs, divida the net voltsge rsading in Vaits by this vslue.!

Dry: 1.0833E-17 \.’5-;qusnt§::m*sec!
5 4020E-0C  ViiuEism’sec)

hotes:

1. Araial ca ibsriar is recommenten

Calisralion is performed using a Slaadard of Spectral Irrazizaze fraceab e o the
National Insrruba of S-ards s ana Tazhnzlogy (WIS T)

The szilecior should te deanad “sauanily wita aotol

Caliralicn wae pefornes wilh cusiores cable, whien swailab e,

[

w

>

RVIB Nathaniel B. Palmer

[Insert Page Break]
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

GUV (Mast)

4288

y Biospherical Instruments Inc.
\&?f’

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 Traceability. For wavelengths longer than 313 nm, the specific instraments cited here were calibrated using a 1000W FEL #V-
039 (7/20V16) following procedures and standards traceable fo NIST Standard of Spectral Inadiance F-616. Traceability paths and
calibration methodologies per National Bureau of Standards (US) (NBS) Special Publication 250-20 Spectral Iradiance
Calibrations (1987) and NBS Publication 5%4-13 Optical Radiation Measurements: The 1973 Scale of Spectral Iradiance (1977).

Solar Calibrations. Lamp calibrations are problematic for solar UV nts (wavelengths below 320 nm) because the solar
spectrum 15 radically different from the lamp spectrum and changes grezily as a function of wavelength  Selar calibrafions are
achieved through direct companson with measurements of 2 gh resohiion scanming spectroradiometer in San Diego (SUV-100),
which 15 part of the National Science Foundation’s UV Monitorng Network., The SUV-100 mstrument haz a bandwidth of 1 nm.
Calibrated filter radiometer data therefore report speciral imadiance at the chammel’s nominal wavelengths with 2 bandwidih of 1
nm  Selar cahbrations are typieally aceurate to within +10% for solar zenith angles smaller than 75°. At larger selar zenith angles,
UV channels have a greater uncertamty due to the rapid change of the solar UV spectrom

Note that this cerfificate contams a subset of the information delivered in the
calibration database 25110203113v9.mdb. This database is required for operation of
this system using Biospherical Instruments Inc.’s Logger® software.

USAP 38



Data Report NBP17-09 RVIB Nathaniel B. Palmer

/’ﬁﬁ i\
S

§i
4

Biospherical Inshruments Inc.

GUV-2511 Calibration Certificate

Serial Number 2311020413 Date of Calibration WHRMT
alibration database 25110203113v9.mdb Date of Certificate  W31R2M7
ASSN 0068 Standard of Spectral Imadiance V-033(7/20/16)
icroprocessor Tag Number 2 Operator TC

Responsivity ScaleSmall ScaleMesdlum  SealsLarge

Monochromatic Wavelength  [Amps per [Voits par [Voits per [Voite par  OfesiSmall OWesiMedium OffestLarge Measurement
Channals Address [mm] pWijcm=nm]] pWilems-nm)] pWhemsnm)] pWhem=nm]] [vobs] [woits] [woilt=] LUnits
Edo32o 2 320 2.56659E-10 2E5162E0S 7.5493E03 2.7081E+00 8.70MEDS 8.5TMEDS 4.3BHEDQ4  pwWicmEnm)
Eda34n [ 340 20781E-10 2 1196E-05 6.1927E-03 21835E+00 3.7B47E-04 3.31D4E-04 1.3278E-03  pWifcm@nm}
Edo313 a8 313 22231E-10 2.26T5EDS 6.5247E-D03 2.3650E+00 3.5302E0S5  3.7DBEE-DS 6.5847E-04  pWicmnm)
Edu30s 10 305 1.6361E-11 1.6688E-06 4.8755E-04 1.5082E-01 4.6550E-04  4.5669E-04  -21536E-03  pWicminm)
Eda38n 12 380 E_2585E-11 6. IB4TE-DE 1.8653E-03 6.2206E-01  1.0323E-03 1.0241E-03 -1.5881E-03 pWicmnm)
Edo3as 13 385 3.354E6E-10 FABEDS 9.9974E-03 3.2656E+00 9.7613E05  9.9620E-0S 2.5961E-04  pwWicmnm)

Responzivity Scalesmall  ScaleMesdlum  Scalslarge

Broadband Wawslength  [Amps per [Voilts per [Violts par [Volte per  OfMestSmall OfW=siMedium OffsstlLarge Measurement
Channals Address [mm] MENem*-8]] MERjcm*-a]] MPENcm*s)]  pElcm&)] [woit=] [woits] [woilt=] LUnits
EdIPAR 13 400-700 1.B871TE-DS 1.5051E+00 5.5TT6E+02 19859E+05 90359E-04 8.9635E-04 -1.2834E-03  pEfcméses)
Auxlliary Meazurement
Channsls Addresz  Wavelength Responsivity Scales ScaleM Scalel Ofests OffestM OfastL
Ed0Gnd 1 [ 1 1.00 1.00 1.00 o 1 [ W
EddTemp 2 ] 1 o0.m oo oo o a ] c
Ea0Vin n [ 1 4.25 “0.23 £.25 o 1 [ W

omﬂm Imc., 5340 Riley Street, San Diepo, Califormia 92110 USA  Contact suppert@bisspherical com for more information

Calibration Data — Do Mot Destroy page 2 of 2
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Underway Seawater Sampling System

Micro-TSG 1

Resldual (S/m)

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: D226
CALIBRATION DATE: 18-Feb-17

COEFFICIENTS:
g = -1.013733e+000
1.569130e-001
1 = -5.222989e-004

h -

SBE 45 CONDUCTIVITY CALIBRATION DATA
PS5 1878: C(35.15.0) = 4.2014 Siemens/meter

CPCoor - -3.5700e-008

CToor =

3.2500e-006

WBOTC = 3.8072e-007

] = E.723089e-005
BATHTEMP BATH SAL BATHCOND INSTRUMENT INSTRUMENT RESIDUAL
rc (PSL) (Sim) OUTPUT (Hz) COND (S/m) (S/m)
23 . 0000 0.0000 0.aaaaa 2548.39 0.00000 0.000aa
1.0000 34.7782 2.97302 5055.47 2.97303 0.00001
4.4999 34.7582 3.27977 5245.81 3.27976  -0.00001
15. 0001 34.T715Z 4_26053 5811.87 4.26049  -0.00004
18. 5000 34.7063 4.60535 5997.94 4.60538 0.00004d
24 0000 34.6972 5.16286 6286.70 5.16287 0.00001
29. 0000 34.6931 5.68441 6544.93 5.68440  -0.00001
32,5000 34.6918 605673 6722.33 6.05661  -0.00012
f= Instrument Cartput(Hz) * sqrf1.0 + WBOTC * 1)/ 1000.0
t=temperanms (“C); p=pressure (decibars); &=CTcor; &= CPor;
Conductivity (Sm) =(g +h*f+i*£ +j* /10 (1 +5*t+e*p)
Residual (Si )= Suctiviey - bath conductivi
Date, Slope Comection
0.00R—------- - i e o @ 19-Feb-17 1.0000000

CALIBRATION

AFTER

MODIFICATIONS

_I'T_F'I

T

000 ———---—- R R s
- 1 I I I 1
1 I I I 1
= 1 I I I 1
- 1 I I I 1
1 I I I 1
- 1 I I I 1
1 | o | 1
0 T ] =BT
- 1 I I I 1
1 I I I 1
- 1 I I I 1
_ ] | | | ]
1 I I I 1
- 1 I I I 1
1 | ] | 1
‘n.m1___-----r____--j---____T-----_j__-----'[____--- —_——————
- 1 I I I 1 1
1 I I I 1 1
- 1 I I I 1 1
- 1 I I I 1 1
1 I I I 1 1
- 1 I I I 1 1
1 I | | 1 1
'u-m__r'l_l"l_ AT T r I  r1Ir1I 71 T T T T I r1rriri
| [ | [ ) | [
0 1 2 3 4 5 [
Conductivity (S/m)

RVIB Nathaniel B. Palmer
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Resldual (Degreas C)

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-0866 Fax (+1) 425-643-0954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: D226
CALIBRATION DATE: 18-Feb-17

COEFFICIENTS:
= -1.625436e-004

an
al
az
ai

3.092515e-004

= -4.930410e-006

2.190124e-007

BATH TEMP

¢
1

C)

- 0000
4333
0001
5000
- 0000
. 0000
5000

INSTRUMENT

OUTPUT {counts)

744277,
B3G452.
405760,
351373,
281929,
232180.
203348,

n = Instrument Cratput (counts)
Temperature ITS-90 (°C) = 1/ {al + al [in{n}] + a2[in"(n)] + a3[br (@]} - 273.15
Residnal (*C) = instrument temperstore - bath temperatane

3

Bl v ORI R W

SBE 45 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

INST TEMP RESIDUAL
"cy el
0.999% -0.0001
4.5000 0.0001

14.9998 -0.0003
18.5003 0.0003
23.9999 -0.0001
29.0000 -0.0000
32,5000 0.0000

Date, Offset (mdeg C)

e e e L et EEEEE I @ 27May-15 074
- | i i i | | i & 19-Feb-17 -0.00
- I 1 1 1 I I 1
- | I I I | | I

| 1 1 1 | | 1
- I 1 1 1 I I 1

L S S

- | I I I | | I
I 1 1 1 I I 1

- | I I I | | I
- | 1 1 1 | | 1
I 1 1 1 I I 1

S S R TN S M RS

0—------ PR -

- -I[ . I [ I 1
| 1 1 1 | | 1

= | 1 1 1 | | 1
- I 1 1 1 I I 1
| I I I | | I

- | 1 1 1 | | 1
| | | | | |

D0—-m-- -]

10

15

e e e e e R

1

1

1

|

1

|

1 1 1 1 1 1

‘0-02_|'|_T'|'F'|'FT'I'F'|'I'TT'F'l_I'T7'I'"I'T'I'I"|'I'T'I_I'_|'FT'I'F“FT'I'F'I

0 5

25 n 15

Temperature (Degrees C)

RVIB Nathaniel B. Palmer
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Micro-TSG2

Reskdual (S/m)

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: D280
CALIBRATION DATE: D5-Oct-16

COEFFICIENTS:
g = -1.011215e+000
h = 1.476175e-001

1= -B.

1

BATH TEMP BATH SAL

= Instrument Crutpui(Hz) * sqri{1.0 + WBOTC * 1)/ 1000.0
t=temperature (°C); p =pressure (decibars); &= CTcor;
Conductivity (Sim) =(g +h *£+i*£ +j* £)/10 (1 +5*t+e*p)

22.
1.
4.

14.

1g.

24.

29,

3z.

2B0491e-004

7.730207e-005

c

0000
0000
5000
9999
5000
0000
0000
5000

(PSU)

o.
7178
6978
-E545
-G448
-6345
-6289
G261

34
34
34
34
34
34
34

oooo

BATH COND

=T T R X )

(S/m)
-ooooo
-35835
27464
.25385
.53807
- 15456
67507
- 4656

SBE 45 CONDUCTIVITY CALIBRATION DATA
PS5 10978: C(35,15,0) = 4.2014 Siemens/meter

CPcor - -3.5700e-008
3.2500e-006
1.2700e-007

CTCOE =
WBOTC

OUTPUT (Hz) COMD (S/m)
2631.39 0.o0DOD
5231.58 2.96833
5429.324 31.27466
6016.97 4.25386
§210.08 4.59806
6509.85 5.15455
6777.88 E.67508
6962.65 €.04663

£=CPror;

'amw]'rﬂ'Tﬂ'

0

2

rﬂ'Tj_Tq_T'FT'FT_FT'FT
3

4
Conductivity (S/m)

INSTRUMENT INSTRUMENT RESIDUAL

(Sfm)
0.00000
-0.00002
0.00002
0.00001
-0.00001
-0.00002
0.00001
0.00007

Date, Slope Comection

@ 29-May-14 0.9991997
& 05-0ct-16 1.0000000

POST CRUISE
CALIBRATION

aTratr-

|
7

RVIB Nathaniel B. Palmer
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Resldual (Degrees C)

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: D280
CALIBRATION DATE: D5-Oct-16

COEFFICIENTS:
af =
al =
a2 = -1.B449638-006
a3 =

3.090837e-005
2.658070e-004

1.332162e-007

BATH TEMP

n = Instrument Chatput (counts)
Temperature ITS-00 (°C) = 1/ {al + al[In(n)] + a2[in"(n)] + a3 (o]} - 273.15
Pesidnal (°C) = instnument temperature - bath temperamre

Y
1
a.

14.
18.
24.

29,
3z.

C)

. 0000

5000
3333
5000
o000
ooo0
5000

INSTRUMENT
OUTPUT {counts)
B2B418.
TOEGEZE .
447305 .
3B64B4 .
309027.
2853718.
221745

5

[T T .

INST TEMP

(= C)

]
<5000
14.
1g.
24.
29,
3zZ.

39933
4933
0D
0001
4333

SBE 45 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

RESIDUAL
rc)
-0.0000
0.0000
0.0000
-0.0001
-0.0000
0.0001
-0.0001

Date, Offset (mdeg C)

e B e e e ERRELS R R 8 20May14 034
- ! ! ! ! ! ! ! 4 050ct16 .00
= | 1 1 1 | | 1
- | I I I | | I
I 1 1 1 I I 1
- | 1 1 1 | | 1
e
- | I I I | | I
| 1 1 1 | | 1
- | I I I | | I
- I 1 1 1 I I 1
| 1 1 1 | | 1
- | I I I | | |
l]_ ______ | 1 1 | | 1 —
- T : _‘—-.—‘1_4-—'_ | | 1
I 1 1 1 I I 1
- I 1 1 1 I I 1
- | I 1 1 | | 1
| I I I | | I
- I 1 1 1 I I 1
| | | | | |
a

20—

| ]
-ﬂ-lﬂ—l‘rr‘rr‘|‘rr‘|‘r‘|‘rTTr
0 5

10

_i_I’TW_I'_i_I—T'I_I'

15

‘i T
n

Temperature (Degrees C)

25

POST CRUISE
CALIBRATION

I'_i_FT'I_F_l_FT_I_F'I

35
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

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: seabird@seabird com

SENSOR SERIAL NUMBER: D323 SBE 38 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 23-Jan-16 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

ald = 1.374421e-005
al = 2.751B52e-004
a2 = -2.335169e-006
a3 = 1.5673048-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
=c OUTPUT {counts) =) =c)
-1.5000 711106.6 -1.5000 0.aooaoo
1.0000 635152 .2 1. 0000 -0.aaa0
4.5000 E43B01.6 4.49939 -0.aaaol
a.0000 467106.4 2. 0000 -0.0000
11.5000 402497.5 11.5000 0.aooaoo
15. 0000 347B92 .6 15 000D o.aaao
18.5000 301594 .1 18.5001 o.aoaol
22,0000 262216.7 22,0000 0.aooaoo
25.4999 22B625.3 25.4998 -0.0001
23.0002 199879.9 29.0001 -0.aaaol
32.5000 175217.4 3Z2.5001 o.aoaol

n = Instrument Cratput (counts)
Temperature ITS-90 (°C) = 1/ {al + al [in{n}] + a2[in"(n)] + a3[br (@]} - 273.15
Residnal (*C) = instrument temperstore - bath temperatane

Date, Offset (mdeg C)

0.02—------ T e e Il Bt @ 25-lun-13 002
& Z3-Jan-18 0.00

Residual {Degrees C)
=
I 1
i
1
1
1

B bt itd st Meindalatied deleintnbind Aetbeinteied delefniednbnly Sutiindiet

“POST CRUISE
CALIBRATION

- 1 1 1 1
1 1 1 1

- 1 1 1 1
- 1 1 1 1
1 1 1 1

- 1 1 1 1 1
ang_T_FT1'|1'FTﬂ_ 1'rT'r'1-r1'r'1'r1‘r'1'r1'r'-rr1'r"rTﬂ-r'
| [ [ | [ | 1 1 |

0 i 10 15 20 25 30
Temperature (Degrees C)

[Insert Page Break]
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Transmissometer

PO Box 518

620 Applegate St
Philomath, OR 87370

WETé Labs

C-Star Calibration

(541) 920-5850
Fam (541) 929-5277
www. wetlabs.com

Date  2.20.16 SN CST-1581DR Pathlength 25cm
Analog cutput Digital output

Wy 0.004 V 0 counts

Var 4806 V 15735 counts

Viar 4693V 15445 counts

Temperature of calibration water 205 T

Ambient temperature during calibration 225 %C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr =™

To determine beam transmittance: Tr = (Vg - Vaaad § (Vrer - Vo)
To determine beam attenuation coefficient e = -1/x * In [Tr)

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

Var Meter output in air with a clear beam path.

Viar Meter output with clean water in the path.

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

Vg  Measured signal output of meter.

RVIB Nathaniel B. Palmer

[Insert Page Break]
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Fluorometer

PO Box 518 (E41) B20-5850

Sie  WET@Labs o

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 127/2018 S/M: FLRTD-855

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

Analog

Analog Analog Ranged

Range 1 Range2 (defaulf) Digital
Dark Counts o7 0or2 0.0s0 v T2 counts
Scale Factor (5F) a 15 30 pplv 00082 pgflicount
Maximum Output 49 498 402V 18326 counts
Resolution 0a 06 0.6 my 1.0 counts
Ambient temperature during characterization 23

Analog Ranpe: 1 (most sensitive, 04,000 counts), 2 (midrange. 08,000 counts), 4 {entire rangs, 0-16,000 counts).
Dark Counts: Signal output of the meter in clean water with black tape over detector.
5F: Determined using the following equation: SF = x = {output - dark counts), where x is the conceniration of the solution

used during instrument characterization. SF s used to derive instrument output concentration from the raw signal output
of the fluorometer.

Maximum Cutput: Maximum signal cutput the flucrometer is capable of.
Resolution: Standard deviation of 1 minute of collacted data.

mmmmmmmmmmmmmmmmm
a

concantration see “3tandand Methods for he Eamination of Waler and Wasiewater™ part 10200 H, pubilshed jointy by the Amesican
[Public: Health Association, American Waber Works Association, and the Water Envinonment Federafion.

FLRTD-B55 Revision J I17oe

[Insert Page Break]
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CTD

Conductivity (primary)

Residual (S/m)

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: 1214
CALIBRATION DATE: 01-Dec-16

COEFFICIENTS:

g = -3.96047725e+000
-57902311e-001
-B.BE036213e-005
-95672674e-005

[ |
'y

]

h
1
1

BATHTEMP BATH SAL
ro (P3U)
0.0000 0.0000
-1.0000 34.6325
1.0000 34.6329
15. 0000 34.6325
18.5000 34.6312
29.0001 34.6295
32.5001 34.6234

= Instrument Output (KEz)

t = temperaiure (*C); p = pressure (decibars); &= CTcor;

BATH COND
(S/m)
.nooon
79115
96178
25145
59646
67517
04616

O O S =)

SBE 4 CONDUCTIVITY CALIBRATION DATA
PS5 1878: C(35.15.0) = 4.2014 Siemens/meter

CPCOr = -9.57008-008 (nominal)

CToor =

3.2500e-006 (nominal)

INSTRUMENT INSTRUMENT RESIDUAL
OUTPUT (kHz) COMND (S/m) (Sim)

2.
a.
a.
10.
10.
11.
11.

34036
33038
55024
05167
41610
47318
82206

D.
.T79116
96177
-25140

£=CPror;

Conductivity (Sim) =(g +h *£+i*£ +j* £)/10 (1 +5*t+e*p)

o B s R R

poooo

ES64B

67521

04612

0.00000
0.o0o0ooz2
-0.00001
-0.00005
0.00003
0.00004
-0.00003

Date, Slope Comection

0.002--~---~~ Fommmmd R EREEEE e Fommm=—- # 01-Dec-16 1.0000000
i} | | | | | |
- 1 1 1 I I I
- I I I | | |
- i i i | | |
0001-------- Fommm- = -mmmpoe oo B B Foommm-
- I I I | | |
1 1 1 | | |
- 1 1 1 | | |
- 1 1 1 | | |
1 1 1 I I I
0= i 4 1.Jh____;;J;‘,JI::$::::!>i- _______
- 1 1 1 I I I
1 1 1 I I I
= I I I | | |
- I I I | | |
1 1 1 | | |
- | | | | | |
200t A . I I
] ! : : ! ! ! CALIBRATION
S b ARTER
'“-mz__r"l_l"l'i'W_T"I_T'i'TW'T"I_I_T'T'I'T_i_T I—'I'F'i'r'l_l—'['i"l'l‘MQIDIFICA'TIONs
0 1 2 3 5 6 7
Conducfivity (S/m)
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Data Report NBP17-09

Conductivity (secondary)

Residual (S/m)

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-0866 Fax (+1) 425-643-0954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 1788
CALIBRATION DATE: 22-Mar-18

COEFFICIENTS:

g = -9.79125732e+000

h =  1.26410805e+000

1 =  1.34277903e-004

1 = 4.4841113Be-005

BATHTEMP BATH SAL
ro (P3U)
0.0000 0.0000

-1 . 0000 34.5316
1. 0000 34.5320
15. 000D 34.5334
18 . 5000 34.5333
29. 0001 34.5313
32.4933 34.5234

= Instrument Output (KEz)

t = temperaiure (*C); p = pressure (decibars); &= CTcor;
Conductivity (Sim) =(g +h *£+i*£ +j* £)/10 (1 +5*t+e*p)
Residual (Siemens/meter) = instrument conductivity - bath conductivity

BATH COND

O O S =)

SBE 4 CONDUCTIVITY CALIBRATION DATA
PS5 1878: C(35.15.0) = 4.2014 Siemens/meter

CPCOr = -9.57008-008 (nominal)
3.2500e-006 (nominal)

CToor =

(Sim) OUTPUT (kHz) COMND (S/m)

-ooooo
. 78377
.35337

24056
58486
GE0AA
03065

L T I L S

78230
45147
57326
41303
62706
23837
43674

D.
2.78376
2.95399
4.
4
5
&

£=CPror;

poooo

24055

-EB4BE
-EE090
.D3064

INSTRUMENT INSTRUMENT RESIDUAL

(3fm})
0.00000
-0.00001
0.o0o0ooz2
-0.00001
-0.00001
0.00003
-0.00002

Date, Slope Comection

----------------------- ® 22-Mar-16 1.0000000

CALIBRATION
AFTER

0002- -+ .
- 1 | | | | 1
1 I I I I 1
- 1 I I I I 1
- I | | | | I
1 | | | | 1
- 1 | | | | 1
0001------— e R
- I | | | | I
1 | | | | 1
- 1 | | | | 1
_ 1 | | | | 1
1 I I I I 1
IS R R TR U R
S R
= I | | | | I
- I | | | | 1
1 | | | | 1
- 1 I I I I 1
L T e
| o
1 I I I 1
1 I I I 1
I | | | I
|
|

'“-M_I_F'I_F1_|_'I_F'I_F_|_T'I_T'I_|_W_T"I_T_|_'I_I_T_FT_I"I_FT_l_'I

0 1 2

Conductiity {Sim)

]

MODIFICATIONS
|
7

RVIB Nathaniel B. Palmer

USAP

48



Data Report NBP17-09

Fluorometer

PO Box 518 (E41) B20-5850

Sie  WET@Labs o

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 312018 S/M: FLRTD-1482

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

Analog

Analog Analog Ranged

Range 1 Range2 (defaulf) Digital
Dark Counts 0.053 0038 0020 v 50 counts
Scale Factor (5F) i 12 25 pplv 00075 pgflicount
Maximum Output 400 490 402V 18380 counts
Resolution 05 05 0.5 my 1.0 counts
Ambient temperature during characterization 23

Analog Ranpe: 1 (most sensitive, 04,000 counts), 2 (midrange. 08,000 counts), 4 {entire rangs, 0-16,000 counts).
Dark Counts: Signal output of the meter in clean water with black tape over detector.
5F: Determined using the following equation: SF = x = {output - dark counts), where x is the conceniration of the solution

used during instrument characterization. SF s used to derive instrument output concentration from the raw signal output
of the fluorometer.

Maximum Cutput: Maximum signal cutput the flucrometer is capable of.
Resolution: Standard deviation of 1 minute of collacted data.

mmmmmmmmmmmmmmmmm
a

concantration see “3tandand Methods for he Eamination of Waler and Wasiewater™ part 10200 H, pubilshed jointy by the Amesican
[Public: Health Association, American Waber Works Association, and the Water Envinonment Federafion.

FLRTD-1482 Revision J I17oe

RVIB Nathaniel B. Palmer
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

Pressure Sensor

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-0866 Fax (+1) 425-643-0954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 1480 SEE Bplus PRESSURE CALIBRATION DATA
CALIBRATION DATE: 18-Jan-17 10000 psia S/M 53852
DIGIQUARTZ COEFFICIENTS: ADS20M, ADSB0B, SLOPE AND OFFSET:
Cl = -5.5617048+004 ADS90M = 1.16300e-002
C2 = 4.30240Z2e-001 ADS90B = -B.63457e+000
C3 = 1.582810e-002 Elope = 1.00003
Dl = 4 .T0B200e-002 offset - -3.0883 (dbars)
D2 = 0.000000e+000
Tl = 3.029296e+001
T2 = -2.122954e-004
T3 = 4 .352450e-006
Tl = 2.626550e-009
TS = 0.000000e+000
PRESSURE INSTRUMENT INSTRUMENT INSTRUMENT CORRECTED RESIDUAL
[PSIA) OUTPUT (Hz) TEMPERATURE ("C) PRESSURE (P3lA) PRESSURE [PSIA) [PSIA)
14.368 33019.50 21.3 15.428 14.543 D.581
2001.245 33E02.80 22.0 2005.236 2000825 -0.420
3I3EE.124 34174.60 22.1 3992.274 3587.532 -0.132
5375.185 34TI5.10 22.1 5975167 5574.B53 -0.296
T362.358 35ZA5.20 22.1 79T 167 TIE2.5EL D.E03
3345.830 35E24.T0 22.2 3953 636 5543555 -0.331
TIEZ.3TS 35ZA5.20 22.2 7967 .156 TIE2.551 D.5T6
5375.203 34TI5.10 22.2 5975.148 5574.BT4 -0.325
3I3EE.221 34174.70 22.2 3992602 3588260 0.035
2001.256 33E02.80 22.3 2005.213 2000802 -D.454
14.365 33019.40 22.3 15.063 14.550 0.225

Residual (PSIA) = comected mstrument pressure - reference pressure

Date, Offset (PSIA)
S S RS v NSRS MM GUUR S @ 18Jant7 000
oo i I i i I i i i i
- | 1 | 1 1 | 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
| 1 | 1 1 | 1 1 1 1
- | 1 | 1 1 | 1 1 1 1
T e s TSN SR
- I 1 I 1 1 | 1 1 1 1
_ 1 1 1 1 1 1 1 1 1 1
T C i | i i | i i i i
@ | ] | ] ] | ] ] ] ]
e S O N W O L
m O T Ty e s oo | 1 [ R
.§ - | | 1 1 | 1 1 1 [}
- i i i i i i i i i
-] _ 1 1 1 1 1 1 1 1 1 1
| 1 | 1 1 | 1 1 1 1
- | I | I I | I I I I
D S s Lt e
- | I | I I | I I I I
1 1 1 1 1 1 1 1 1
- | 1 | 1 1 | 1 1 1 1
- | I | I I | I I I I
1 1 1 1 1 1 1 1 1
R i l i i | i i i i
"“]_lTTTT_iT'I'I'I'i'ﬂ-ﬂ_i_l'rl'ri'r'l'r'l'i_TTTT'i'I'I'I'I_I'I'I'I'I'I'FI'FI'I'TTTTI'T'I'T'I"
o 1000 2000 3000 4000 5000 GOOD 7000 5000 ©OOO 10000 11000
Pressure (PSIA)
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Data Report NBP17-09

Dissolved Oxygen (primary)

Residual iy

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

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: D150
CALIBRATION DATE: 18-Nov-16

SBE 43 OXYGEN CALIBRATION DATA

H1 = -3.200000e-2
H2 = 5.00000e+3
H3 = 1.45000e+3

RESIDUAL
(mun)

-0.00
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
-0.00
-0.00
0.00
-0.00
-0.00

COEFFICIENTS: A=-5.1283=-003 NOMIMAL DYMAMIC COEFFICIENTS
Soc= 04594 B = 2.7364=-004 D1= 19268344
Voffset =-0.4802 C =-3.5002=-008 D2 = -4.84803e-2
Tau20 = 1.65 E nominal = 0.036
BATH INSTRUMENT INSTRUMENT
OXYGEN (mil) TEMPERATURE ("C) SALINITY (PSU} OUTPUT {eits) OXYGEN {mit)
1.10 12.00 Q.00 0.827 1.10
1.11 Z.00 Q.00 0.750 1.10
1.11 E.00 Q.00 o.781 1.10
1.12 20.00 Q.00 0.891 1.12
1.14 2E.00 Q.00 0.942 1.14
1.14 30.00 Q.00 0.97T4 1.15
i.es Z.00 Q.00 1.3T4 3.85
3.88 12.00 Q.00 1.651 3.88
3.88 E.00 Q.00 1.43%0 3.88
i.so 20.00 Q.00 1.8&62 3.50
i.sz 2E.00 Q.00 2.021 3.52
i.sz 30.00 Q.00 2.122 3.52
6.80 E.00 Q.00 2.185 £.60
6.61 Z.00 Q.00 1.935 £.61
6.62 12.00 Q.00 2.465 £.62
6.66 30.00 Q.00 3.251 £.66
6.66 20.00 Q.00 2.828 £.66
6&.T1 2E.00 Q.00 3.103 .71

W= instroment owtpart (volts);

T = temperatore (°C); 5 = salimity (PS1T); K = temperature (7E)

Omsol{T.5) = oxygen saturation (ml1); P = pressure (dbar)

Omygen (mlT) = Soc * (V + Vaffset) * (LO+A* T+B* T+C * T') * Oxsol(T,S) * exp(E * P/ E)

Residnal (mlT) = instroment cxygen - bath oxyzen

' ' ' ' ' ' ! '
04—----q4————-f----—f~—--q-----T - ---r----q-----T—-—--f-----

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 I 1 1 1
02—----q————-T----—f~—--°q---—-T-----r AT TS TTT T T TR T T

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- 1 1 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 1 1 1
Q=== ATTTTTTTT T AT TS

- 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- ] 1 1 1 1 1 1 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 1 1 1

D2—=----g———--f-----[~—--O~----T-----r ATTTTTTTTTTTO

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- ] 1 1 1 1 1 1 1 1

1 | 1 | 1 | 1 | 1

- 1 1 1 1 1 1 1 1 1
04— 1 1 1 1 1 1 i 1 1 _
TT—I-I] I_I_'I'Tl'l—l—l ngT'IlI I—T'I'l'l'l—l Igl'TT'lll I_I—I'l'f—l—l_llrl'TT

oxygen (mia)

-0.00

Date, Slope (ml1)
@ 16-Jan-1& 1.0002
& 15-MNow-16 1.0000

POST CRUISE
GALIBRATION
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Data Report NBP17-09

Dissolved Oxygen (secondary)

Residual iy

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

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: D150
CALIBRATION DATE: 18-Nov-16

SBE 43 OXYGEN CALIBRATION DATA

H1 = -3.200000e-2
H2 = 5.00000e+3
H3 = 1.45000e+3

RESIDUAL
(mun)

-0.00
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
Qo
-0.00
-0.00
0.00
-0.00
-0.00

COEFFICIENTS: A=-5.1283=-003 NOMIMAL DYMAMIC COEFFICIENTS
Soc= 04594 B = 2.7364=-004 D1= 19268344
Voffset =-0.4802 C =-3.5002=-008 D2 = -4.84803e-2
Tau20 = 1.65 E nominal = 0.036
BATH INSTRUMENT INSTRUMENT
OXYGEN (mil) TEMPERATURE ("C) SALINITY (PSU} OUTPUT {eits) OXYGEN {mit)
1.10 12.00 Q.00 0.827 1.10
1.11 Z.00 Q.00 0.750 1.10
1.11 E.00 Q.00 o.781 1.10
1.12 20.00 Q.00 0.891 1.12
1.14 2E.00 Q.00 0.942 1.14
1.14 30.00 Q.00 0.97T4 1.15
i.es Z.00 Q.00 1.3T4 3.85
3.88 12.00 Q.00 1.651 3.88
3.88 E.00 Q.00 1.43%0 3.88
i.so 20.00 Q.00 1.8&62 3.50
i.sz 2E.00 Q.00 2.021 3.52
i.sz 30.00 Q.00 2.122 3.52
6.80 E.00 Q.00 2.185 £.60
6.61 Z.00 Q.00 1.935 £.61
6.62 12.00 Q.00 2.465 £.62
6.66 30.00 Q.00 3.251 £.66
6.66 20.00 Q.00 2.828 £.66
6&.T1 2E.00 Q.00 3.103 .71

W= instroment owtpart (volts);

T = temperatore (°C); 5 = salimity (PS1T); K = temperature (7E)

Omsol{T.5) = oxygen saturation (ml1); P = pressure (dbar)

Omygen (mlT) = Soc * (V + Vaffset) * (LO+A* T+B* T+C * T') * Oxsol(T,S) * exp(E * P/ E)

Residnal (mlT) = instroment cxygen - bath oxyzen

' ' ' ' ' ' ! '
04—----q4————-f----—f~—--q-----T - ---r----q-----T—-—--f-----

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 I 1 1 1
02—----q————-T----—f~—--°q---—-T-----r AT TS TTT T T TR T T

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- 1 1 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 1 1 1
Q=== ATTTTTTTT T AT TS

- 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- ] 1 1 1 1 1 1 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 1 1 1

D2—=----g———--f-----[~—--O~----T-----r ATTTTTTTTTTTO

- 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1

- ] 1 1 1 1 1 1 1 1

1 | 1 | 1 | 1 | 1

- 1 1 1 1 1 1 1 1 1
04— 1 1 1 1 1 1 i 1 1 _
TT—I-I] I_I_'I'Tl'l—l—l ngT'IlI I—T'I'l'l'l—l Igl'TT'lll I_I—I'l'f—l—l_llrl'TT

oxygen (mia)

-0.00

Date, Slope (ml1)
@ 16-Jan-1& 1.0002
& 15-MNow-16 1.0000

POST CRUISE
GALIBRATION
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Data Report NBP17-09

Pump (primary)

S B SEA-BIRD ELECTRONICS, INC.
13431 NE 20th St. Bellevue, Washington 88005 USA
TERRTTELE Phone: (425) 643-0866 Fax: (425) 643-0054 www.seabird.com

e ot

Customer Information:

mm_lr_ad(haad Martin Antarcic Support

| Date 331/2014

|Dm Morehouse |
mm ]

Sarial Number | | 055641
Model Number | | SBE 05T

Sarvices Requested:

1. Evaluate/Hepair Instrumentation.

2. Replace standard impadse connector(s) with NEW wet-pluggable connector(s).

Problems Found:

Sarvices Performed:

1. Performed initial diagnostic evaluation.

2. Installsd NEW two pin wet-pluggable bulkhead connectar(s).

3. Performed internal inspection and O-ring and thrust washer replacements.
|4, Performed hydrostatic pressure teat.

Special Notes:

Monday, March 31, 2014

Page 4 of &

RVIB Nathaniel B. Palmer
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Data Report NBP17-09

Pump (secondary)

s B SEA-BIRD ELECTRONICS, INC.
13431 NE 20th 5t. Bellevue, Washington 98005 USA
T Phone: (425) 643-0866 Fax: (425) 643-0054 www.seabird.com

e

[_Service |

T fapor | [AVA Number | 77758 |

Customer Information:

I(:ﬂm_lr.ad(haad Martin Antarctic Suppart

| Date 31/2014

n I%I
[P0 Humper J9000445 ]

Serial Number | 055643
Model Number | | SBE 05T

Services Requested:

1. Evaluata/Repair Instrumentation.

2. Replace standard |mp1lsec=urnacm{s! with NEW wet-pluggable connector(s).

Problems Found:

Sarvices Performed:

1. Performed initial diagnostic evaluation.

2. Installed NEW two pin wet-pluggable bulkhead connector(s).

3. Performed internal inspection and O-ring and thrust washar replacements.
[4. Performed hydrostatic presswure test.

Spocial Notes:

Monday, March 31, 2014

Page Sof &

RVIB Nathaniel B. Palmer
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Data Report NBP17-09 RVIB Nathaniel B. Palmer

Temperature (primary)

Sea-Bird Electronics, Inc.
13431 NE 20th Street, Bellevue, WA 98005-2010 USA
Phone: (+1) 425-643-0866 Fax (+1) 425-643-0954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: 1849 SBE 3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 14-Mar-18 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

g = 4.B0B5541%9e-003
h - 6.670838092-004
1 = 2.27462B95e-005
] = 1.61035917e-006
fo - 1000.0

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
rao OUTFUT (Hz) (] re)
-1.5000 5958.B26 -1.4396 0.00042
1. 0000 6301.309 0.9396 -0.00043
4. 5000 GB04 .364 4.4935 -0.00047
8. 0000 T335.524 8.0001 0.00010
11.5000 TEZ5.401 11.5004 0.00043
15. 0OiQQ B4B4.6B0 15. 0004 0.o00037
18 . 5000 9104 .035 18.4939 -0.00013
22. 0000 9754 .306 21.9933 -0.00013
25 . 5000 10436.029 25.4937 -0.0002&6
29 0000 11149.901 28.93938 -0.00017
32.5000 11B96.554 32.5003 0.o0027

= Instrument Crrtput (Hz)
Temperature ITS-00 ("C) = L/{g + hlin{f0 / £)] + i[in (0 / £] + j{i (80 / £]} - 273.15

Pesidnal (°C) = instnument temperature - bath temperamre
Date, Offset (mdeg C)

002—-—---- ECEEE fommmm—fmmmmmmfmmmmm e mm e s e o e -- - @ 20-Feb-15 083
- ! ! ! ! ! ! ! & 14-Mar-18 0.00
- I 1 I I 1 I I
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- I 1 I I 1 I I
L T T s S S
- - I 1 I I 1 I I
1 1 1 1 1 1 1
P ! L ! L
] - 1 1 1 1 1 1 1
& - 1 1 1 1 I I
2 u———————
T i i i i i | |
3 - 1 1 1 1 1 1 1
1 1 1 1 1 1 1
3 - | ] | | ] | |
[ - 1 1 1 1 1 1 1
1 1 1 1 1 1 1
AMN—------ r====-- e e e e A
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- I 1 I I 1 I I
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- I 1 I I 1 I I
1 1 1 1 1 1 1
'o-ﬂz_lT'l'T'l'i"l'l"r 'i"l'FT'FT'I'F'I'I'TT'T'I'I"i'I'T'I'I"i'I'T‘l'T'i'FT'I'F'I
-5 0 5 10 15 i} 25 30 35
Temperature (Degrees C)
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Data Report NBP17-09

Temperature (Secondary)

Residual (Degrees C)

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: 5730
CALIBRATION DATE: 28-Feb-18

COEFFICIENTS:
g = 4.35194524e-003
h - G.2986B351e-004
1 = 1.97821726e-005
] = 1.44030219e-006
fo - 1o000.0
BATH TEMP INSTRUMENT
=c) OUTPUT (Hz)
-1.5000 3003.663
1. 000D 3179.306
4. 5000 3437.566
8. 000D 3T10.6586
11.5000 3999.011
15. 0000 4303 .052
18.5000 4623 .188
220000 4959.824
25. 5000 5313.340
29,0000 5684 .113
32.5000 6072.511

= Instrument Crrtput (Hz)
Temperature ITS-00 ("C) = L/{g + hlin{f0 / £)] + i[in (0 / £] + j{i (80 / £]} - 273.15

Pesidnal (°C) = instnument temperature - bath temperamre

S0—---

i T Bt R
- 1 1 1 1 1 1 1
| 1 1 | 1 1 |
- | 1 1 | 1 1 |
- 1 1 1 1 1 1 1
| 1 1 | 1 1 |
- | 1 1 | 1 1 |
! 1 1 ! !
L e e
- 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 |
I H H o P
0—----8 T = + = T T
- | 1 1 | 1 1 |
| 1 1 | 1 1 |
- | I I | I I |
_ 1 1 1 1 1 1 1
| 1 1 | 1 1 |
- | I I | I I |
1 1 1 1 1 1
TTTTTTT T T T TSI T TSI T TTTTIT T
| I I
1
|
|
1

| 1
-0-02—|1'r1'ri"|'r'|'r-"rr'r'r

B

SBE 3 TEMPERATURE CALIBRATION DATA
ITS-80 TEMPERATURE SCALE

RESIDUAL
re)
-0.oooo8
o.oooog
0.00006
-0.00001
-0.00005
-0.00005
-0.00004
0.ooo004
o.oooo7?
o.oooo3
-0.00006

Date, Offset (mdeg C)

T-=-=----- B 17-Mar-15 058

& 28-Feb-16 -0.00

5

10

Temperature (Degrees C)

atratr

atTatr

20

1
_I"I"I'I"i'l'l"l_l'

25

T
|
30

3 -

“POST CRUISE

CALIBRATION

_'FT‘I'F'I

25

RVIB Nathaniel B. Palmer
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Data Report NBP17-09

Transmissometer

PO Box 518

C-Star Calibration

(541) 928-5350

e WETé L abs & monmen

Date 7.20.16 SiME CST-439DR Pathlength 25 cm
Analog output

Vq 0.057 V

Var 4752V

Vit 4653 V

Temperature of calibration water 37T

Ambient temperature during calibration 228 T

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr = ™

Te determine beam transmittance: Tr = (Vg - Vass) § (Vrer - Vo)
To determine beam attenuation coefficient ¢ =-1/x * In (Tr)

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

Vur  Meter outputin 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 Vi
Ambient temperature: meter temperature in air during the calibration.

Vig  Measured signal output of meter.
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