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All the data has been archived using ‘tar’ and compressed using ‘gzip’, identified by the “.tz’ extension.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

United States Antarctic Program
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Distribution Contents at a Glance

Volume 1 of 1: NBP18-01
File Description
/ Root level directory

NBP18-01.gmt
NBP18-01.mgd
NBP18-01.trk

NBP1801DATA.docx

NBP1801DATA.pdf
INSTCOEF . TXT

/process

NBP1801JGOF . tz
NBP1801MGD. tz
NBP1801PCO2.tz
NBP1801PROC. tz
NBP1801QC. tz

/rvdas/nav

NBP180ladcp.tz
NBP1801lgyrl.tz
NBP1801s330.tz
NBP180lseap.tz

/rvdas/uw

NBP180l1lbwnc.tz
NBP180lctdd.tz
NBP180lcwnc.tz
NBP180lengl.tz
NBP1801flrl.tz
NBP1801lgrvl.tz
NBP180lhdas.tz
NBP1801knud.tz
NBP1801mbdp.tz
NBP1801mwx1l .tz
NBP180loxyg.-tz
NBP1801lpco2.tz
NBP1801lpguv.tz
NBP1801lrtmp.tz
NBP1801ltsgl.tz
NBP1801ltsg2.tz
NBP180l1ltwnc.tz

/1Imagery

NBP180l1llmag.tz

/ocean

NBP180lctd.tz

GMT binary file of MGD77 data
Full Cruise MGD77 data file

Text File of cruise track

Data Report NBP18-01 (MS Word)
Data Report NBP18-01 (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

ADCP Data Sets
Gyro raw data
Seapath 330 data
Seapath 200 data

Underway data

Baltic winch data
CTD depth data
Waterfall winch data
Engineering data
Flourometer data
Gravimeter data
HydroDAS raw data
Knudsen raw data
Multi-beam depth
Meteorology raw data
Oxygen data

pCO2 raw data

GUV raw data

Remote Temperature data
Micro TSG1l data
Micro TSG2 data
Trawl winch data

Cruise Imagery

Collection of Imagery Files

Ocean data

CTD Data

United States Antarctic Program
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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 (NBP18-01.trk). It contains the longitude and latitude at one-
minute intervals extracted from the NBP18-01.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 NBP1801proc.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.

United States Antarctic Program
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JGOFS

RVIB Nathaniel B. Palmer

The JGOFS data set can be found on the distribution media in the file /process/NBP18-01JGOF.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

08 Course Made Good

09 Mast PAR

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

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

13 Sea Depth (uncorrected, calc. sw soud vel. 1500 m/s)

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

siemens/meter
PSU

meters
meters/sec
degrees (azimuth)
°C

%

mBars

volts (0-5 FSO)

%

W/m?2

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 NBP18-01.mgd. The file NBP18-01.gmt is created from the MGD77 dataset using the “mgd77togmt”
utility. NBP18-01.gmt can be used with the GMT plotting package.

The data used to produce the NBP18-01.mgd file can be found on the distribution media in the file
/process/NBP1801proc.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.

United States Antarctic Program
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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 10" 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

United States Antarctic Program
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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 or in ice, the range is reduced, and sometimes no valid measurements are made. ADCP data collection is the
OPP-funded project of Eric Firing (University of Hawaii) and Teri Chereskin (Scripps Institution of Oceanography). Data is
collected on both the LMG and the NBP for the benefit of scientists on individual cruises, and for the long-term goal of
building a profile of current structure in the Southern Ocean.

A data feed is sent from the ADCP system to RVDAS whenever a reference layer is acquired. This feed contains east and
north vectors for ship’s speed, relative to the reference layer, and ship’s heading. Collected files (one per day) are
archived in NBP1801adcp.tar in the directory /rvdas/nav.

pCO-:

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 NBP1801pco2.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@Ildeo.columbia.edu).

United States Antarctic Program
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Cruise Science

CTD
The CTD data has been placed in the tar file /ocean/NBP18-01ctd.tar. The archive contains tar files NBP18-Ol1proc.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 NBP1801xbt.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[CruiselD][Channel 1D] .dDDD
Example: NBP18-01mwx1.d025

e The CruiselD is the numeric name of the cruise, in this case, NBP18-01.

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

e DDDis the day of year the data was collected
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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 sim1 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

United States Antarctic Program
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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

$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: = @. 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.
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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) XX.X

Air Relative Humidity

PSP (Shortwave Radiation) X XXXXXX
'PIRThermopile (Longwave Radiation) ~ xaxwoox
PIR Case Temperature XXX XXXX
'PIRDome Temperature 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)

Sonic Temperature

Checksum alphanumeric

Status
00 = Good, 60 = Good. Any other value indicates fault
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MUAY
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)

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 X.XXXX

Valid Flag X

High Frequency Depth XXXX.XX m

Sound Speed Velocity XXXX

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)
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

Flowrate

VCO; Concentration

Equilibrator Temperature, SBE38

12 Flow Source* text
pCoO, 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
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RVIB Nathaniel B. Palmer

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 uUTC-4

4 EJOGND (sensor ground voltage) XXXXXX \Y

5 Ed0320 (downwelling 320nm irradiance) XXXXXX pw

6 Ed0340 (downwelling 340nm irradiance) XXXXXX pw

7 Ed0313 (downwelling 313nm irradiance) XXXXXX pw

8 Ed0305 (downwelling 305nm irradiance) XXXXXX pw

9 Ed0380 (downwelling 380nm irradiance) XXXXXX uW

10 EJOPAR (downwelling 400-700nm irradiance) XXXXXX UE

11 Ed0395 (downwelling 395nm irradiance) XXXXXX pw

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 O 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.

United States Antarctic Program
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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 \Y,

Fluorometer XXX XXXX mV

Sea Water Valve* X -1or0

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 alphanumeric

4 Winch Name

Speed XXXXX.X

8 Checksum X.XXXX numeric

alphabetical

Multibeam (mbdp)
15+058:22:04:52.826 $KIDPT,594.68,7.67,12000.0*43

Field Data Format Unit

KIDPT

Distance to Waterline from Transducer .

6 Checksum XX UTC
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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
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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

United States Antarctic Program 18



Data Report NBP18-01 RVIB Nathaniel B. Palmer

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

Field Data Format Unit

SGPZDA

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

SGPGGA

Latitude ddmm.mmmmmm degrees

Longitude ddmm.mmmmmm degrees

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

HDOP X.X

M = Meters (for previous)

M = Meters (for previous)

Station ID of DGPS (if used) numeric

Quality
0 =invalid, 1 = GPS SPS, 2 = DGPS, 3 = PPS, 4 = RTK, 5 = float RTK, 6 = dead reckoning
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GPVTG
15+051:16:47:06.625 $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)

Checksum alphanumeric

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

GPRMC
15+051:21:02:04.741 $GPRMC,210204.38,A,7712.979182,S,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

United States Antarctic Program 20



Data Report NBP18-01 RVIB Nathaniel B. Palmer

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

East or West (for previous)

Status* X
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)

East or West (for previous)

Reference datum code* alphanumeric

Datum Codes
W84 = WGS84, W72 = WGS72, S85 = SGS85, P90 = PE9O, 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
15+051:22:20:59.019 $PSXN,22,0.43,0.50*3B

Field Data Format Unit

SPSXN

Gyro calibration value since system startup XXX 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 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 .

6 Ship heading X.XX degrees
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Processed Data /process

pCO:; - 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 UTC
‘RawVoltage(R)
Cell Temperature XX.XX C
(Equilibration Pressure o
Flowrate cm3/min
VCO; Concentration XX.XX ppm
(Equilibrator Temperature, RTD o
10 Equilibrator Temperature, SBE38 XX.XX C
ValvePosition
12 Flow Source* text
latitude oo
14 Longitude XXX XXXXX degrees
‘Sea Water Intake Temperature  ooox
16 Sea Surface Salinity XX. XXX PSU
‘SeaSurface Fluorometry — xo
18 True Wind Speed XXX m/s
(True Wind Direction xx<
20 Barometric Pressure XXX.XX mBar
22 Speed over Ground XXX knots
CourseMade Good
24 Unused
(TSG2 Temperature oxx<
26 TSG2 Salinity XX.XX PSU
(TSG1Temperature  oxx<
28 Sea Water Valve* X -lor0
pCoO, time tag
ttt = fractional time of day
Flow Source

Equil = pCO2 Measurement
Sea Water Valve
-1 = Stern Thruster Valve, 0 = Moon Pool Valve

United States Antarctic Program 24



Data Report NBP18-01 RVIB Nathaniel B. Palmer

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 1006 V/(W/m2)
psp / (scale x 1000 mV/V) = W/m2

Calculations (extracted from the C code):
/* Convert from mV to W/m"~2 */
pspCalc = (psp * 1000 / pspCoeff);
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PIR
Coefficient pirCoeff for this cruise can be found in the instrument.coeff file as the variable labeled PIR1.
Variable pir_thermo is the raw data in mV, pir_case is the PIR case temperature in Kelvins and pir_dome is the PIR
dome temperature in Kelvins, as described in the “mwx1” file description. Hard-coded “C” coefficients are shown
below:

Dome constant = 3.5
Sigma = 5.6704e-8

pir_thermo = raw data mV
calibration scale = pirCoeff x 106 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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RVIB Nathaniel B. Palmer

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 (ddd is year-day, hh is hour, and mm is

minute). Times are reported in UTC.

Start End Description

17+358:05:49 Data collection begins. 5846.501376 S, 07323.441282 W
17+363:04:55 17+363:05:50 Knudsen data missing, failed to ping

17+363 17+365 Seapath330 intermittently lost tracking, files missing chunks of data

18+007:16:34
18+007:15:00
18+009:17:39
18+016:01:59
18+017:22:21
18+019:02:34
18+029:19:45
18+030:22:26
18+039:23:19
18+040:00:41
18+041:20:40
18+047:00:16

18+007:17:30
18+007:16:27
18+012:19:16
18+016:18:57
18+018:12:14
18+022:21:58
18+030:02:00
18+031:03:45
18+040:04:33
18+040:00:58
18+041:23:41
18+047:05:25
18+059:04:00

TSG1 OFF, cleaning fluorometer and transmissometer
TSG2 OFF, cleaning fluorometer and transmissometer
ADCP OFF, interfering with EK60 use

ADCP OFF, interfering with EK60 use

ADCP OFF, interfering with EK60 use

Data collection shut off while in port at McMurdo Station
ADCP OFF, interfering with EK60 use

ADCP OFF, interfering with EK60 use

ADCP OFF, interfering with EK60 use

PCO02 shut off for troubleshooting

ADCP OFF, interfering with EK60 use

ADCP OFF, interfering with EK60 use

Data collection completes. 4719.378235 S, 14911.910051 E
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Appendix A: Sensors

NBP18-01 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 9/29/2010
Bridge Anemometer RM Young 5106 WM128975 10/27/2011 ECO Use
Barometer RM Young 61201 01705 1/22/2016
Barometer Vaisala M2750443 7/13/2016
Temperature / Humidity RM Young 4138LC2 06733 10/6/2016
PIR Eppley PIR 33023F3 10/19/2016
PSP Eppley PSP 33090F3 10/18/2016
PAR (Mast) Biospherical Instruments QSR-2200 20531 3/8/2017
GUV (Mast) Biospherical Instruments GUV-2511 25110203113 5/31/2017
PRR (Mast) Biospherical Instruments PRR-810 8100803115 8/10/2017
PRR (Underwater) Biospherical Instruments PRR-800 8000803115 8/10/2017
Sensor Description Serial Last Cal Date Comments
Underway Seawater Sampling System
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
Transmissometer Wetlabs C-Star CST-889DR 9/18/2017
Fluorometer WetlLabs FLRTD FLRTD-855 1/27/2016
Sensor Description Serial Last Cal Date Comments
CTD
Altimeter Valeport VA-500 51520 7/10/2015
Carousel Water Sampler Sea-Bird SBE 32 3270675-0925 NA
SBE 11+ Deck Unit Sea-Bird SBE 11+ 11P47914-0768 NA
Conductivity (Primary) Sea-Bird 4 - 02/0 041314 12/1/2016
Conductivity (Secondary) Sea-Bird 4C 6800m 041798 3/22/2016
Transmissometer WetLabs C-Star CST-439DR 7/29/2016
Fluorometer WetLabs FLRTD FLRTD-1482 3/19/2016
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 1 Sea-Bird 5T, PN 90160 055641 3.0K 1/3/2017 Primary (removed
2/5/18)
CTD Pump 2 Sea-Bird 5T, PN 90543 055643 3.0K 1/3/2017 Secondary
(removed 2/5/15
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CTD Pump 4 Sea-Bird 5T 05T-1627 3.0K 8/8/2017 Secondary
(Replaced Pump 2

on 2/5/17)

Temperature Sea-Bird 3-02/F 031649 3/14/2016 Primary

Sensor Description Serial Last Cal Date Comments

Altimeter Valeport VA-500 56636 9/16/2016

Conductivity (Primary) Sea-Bird 4C 10500m 044067 1/6/2017

Transmissometer WetlLabs C-Star CST-892DR 11/10/2016 Zinc removed for

™

CTD Fish Sea-Bird SBE 9+ 09-1315 3/16/2017

Dissolved Oxygen Sea-Bird SBE 43 7000m 2267 8/2/2017 Primary (Bad on
cast TM011)

CTD Pump 1 Sea-Bird 5T 10500m 058275 1/19/2017 Primary

PAR Biospherical Instruments QSP-2350 70555 12/12/2016 Added on Leg I,
after Cast TMCO013

Temperature Sea-Bird 3plus 10500m 03P6118 3/16/2017 Secondary
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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 number

4867327 CHRISTCHURCH

Station name

NEW ZEALAND NATIONAL GRAVITY BASE STATION

miGal at pior 08050571
Tie start time UTC 2017.."0&,-"17 02:10:19.792

Samples used 3600

Land tie nzed Yos
Water height to pier 1 12 ft 3 in
Water height to pier 2 12 ft & in
Wator height to pier 3 12t 11 in

Average of filtered counts 25034.8001 82604

Filter length 181

Seale factor 4904070552

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

R.M. Young Company
‘w01 Aepre Park Dies
Traverss iy, Mishiger <3485 L3A

YOLUNG
CALIBRATION REPORT

Barometric Pressure

Customer Lockhead Martin
Tast Mumbar 5122 01E Customer PO 4102344051
Test Date: 22 January 2016 Laes Order: 5254

Tasl Sensor,
Wodel: 1207 Zoral Numbar: BROTFOE
Description: Bararmens Pressure Sansar

Repot of calibration compariscr of st berometric pressure seqsor with National Institute of Standards and
Techralogy traceable standard pressare calibralor @l five pressures in the FLML Young Compeny controlled
pressure facity. Calibration accuiacy + 1.0 hFa.

[ Heferance Woltags Idicased (1)

Pressu s QLtout Pressuss
(hPa} {millival:s) thea;
2000 n 2200
Brz0 12480 a75.0
BRO.0 2501 950.0
"Q2E0 3780 10280
TG0 4958 10859

(1] Galoulated from votage autput

Al reference equipmant used in ths calibration procecure have been tested by compariscr to raceahle
stendards codified by the Mafional Insttute of Stardards and Technclogy.

Referenge Instrurent EZocial & WIST Test Reference
Cruck Pressure Cantroller Model DPI315 51500407 Bo48501
Fluke Mullimetar Model 80504 4565407 2E04807

Testad By m

l FEQOROLOGICAL TNSTRUMENTS
T=: ZI1-04E6-3550 Tac FAT-BLEAVSE E-alb medsaleadlpeunouas som daieie poungLs-a.com
120 30071 200E CERTIFIED
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Barometer

m“#

141
Certdicale rapon no, Hdd-13280031

CALIBRATION CERTIFICATE

Instrumant FTE210R Migital Barameler
Serial number W2750442

Manufaeturar Waizaa Oy, linland
Galibration date 13th by 535G

The abowe inslrmen was caliprated by corppering the roadings of the instrureent o {he faciury wosking slandas of VYaisala

The preesure readings of the Factosy working glapszrd bawe pesn calibrales @ an [SOVICC 17088 acoedites calibratian
shorstory (FINASY, Wasala Measurement Stardarcs Laboisiony (MEL) v using WSL working elandards Iraceabla ta W& T,

Calibratlon results

Reference o Ohaarved Comection” ) Aoceptance limlt
L hPa ) ) hPa hPa rFa
5100 F10.0 0.0 =02
B10.0 G150 nn =02 |
- TO0.0 FI00 oo +02 .
310.0 E10.0 o T 0.2
10.0 g10.0 oL 0.2
250.0 5500 ] o.c 403
aannu 1C0TD .G tCF
10950 _ i0edDn 0.0 ]

L 1 ;
e nbtEin the sue pressure, add tae marectian 1o the barometer rearling.
Intrrpnlated cormesions may be used af ermedse eadings ol the scale ol he oaromctsr.

Equiprnent used In calibration
Type Serial murmber Calibration date Cerificate number
PECH Bl 20150321 KO-y 15a%

Uncertainty [ 95 % confidence lovel, k=2)
Fressure +t0.70h”Pa

Ambient Gonditions

Huraidity G HAH L 5 ¥ERH

Temperaiur: 21521150

Praseure LMODERPa L1 ble
—_— L )I

_____ i -

e 5
Tachnican ‘\\\-u._ﬂl

This report shab paf be ceoraoesd excapt in ful, withool e wrikian apoenvs! of Vass's. JacERICHT-R

Walsaim Orwi | P Fees 26 S-002T7 Qzlzms 1o
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Temperature / Humidity

R.M. Young Company

HUI Bera Park Drve

Travneni Sy, IFIcgan A9EHR L%
VOLEMS

CALIBRATION REPORT
Temperature

Customer Lockhead Martin

Test Number ZO06-01T

Custormer PO 4102326718
Test Date & Qotzaer 2076

Sales Order. 5771

Teast Senso.
Mocal d412B2LC2 Seligl Murabe, TEIEFIEF
Lescripion. TemperawreRelaive Humidily Sensor

Fepcrl of calibration compamsen of tesl empasature sensgr with Mateonal Insiitute of Standards and
Technology  boceable slodand thermoemeler al thige temperatures in tha RM. Young Company
controllad temperature calioratian facilties. Zalibration accuracy L 0.2° Celsius.

Reference Current Indicated (1) Calculated (2)
Temparature Cratput Temperature Tempsrature
(deqraes O [mal (drareas ©F [dearees O

45,29 1827 4547 4528
19.85 1524 20.27 149.9¢
-10.33 1141 =084 -10.38
(1) Calzulated fromn surrent autaud,
(2} Caloulated values Lsing derived formule: T = -T5 745+ mA * 627898

Al reference squipment used in this calioratan preccdurs Pavs Beon bestod By campanson to raceable
standards cerified by the Mational Institute of Standards and Technalagy.

Refarence Insirumen:

oera # MIST Test Reference
Brooklyn Thermometar Maodel 43-FC BACS-115 204550

Brzoklyn Thermomeater Meodel 22332-D5-FC 25071 W20AG5
Erzaklyn Thermmameter Model 2xX400-D7-FC Trhaz W2JEE2
Keithley Mutmeter Medel 151 15232 7124815

Teslad Ey é ;M

METEODQROILOGICAL INSTRUMENTS
Tal 231-946-3583 Fas. 237 -B454TTE Erwi. Mot 5alzaiyoUnguss som e le. YoUNgUas. 2am
IS 30012208 CERTIFIED
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PIR

THE EPPLEY LABORATORY, INC,

17 SheTield Avenuoe, P} Bow 4189, Mew porl Rhode Ialend USsA 0240
Iacne: AL B2T 120 Fac 20 LEAT 1031 Liowdl: inforepplaslab.comn

Calibration Certificate

Instrumnent: I'recizion Infrared Kodiomeeer, Mode] PR, Seral Sumber 1302381

Peacedure: This pyrgecmeter was compaed againsl Cppley™s Blackbaedy Calibiation System
under radiaticn intensilies of approximately 350 W with an average ambien]
termpertnre af 350 aecording Lo procedures described W Technical Procedure,
THOS of The Eppley Lalemtory. Tne.'s Cuality Assueance Munuel on Culibrations.

Transfer Standard: Eppley Prevision Infrured Kadiomenze, Mode] PIR, Serial Momber 3222753

ate g - - -1
Resths: Sensitivily: 5=391 pV { Wm
L nzertaingy: Los =2 1,70 {030 vomfidence level, k=23
Razistance: TR LY utr 2370
Dinte of 'esc: Olerober 19, 2016
Traceability: Thiz calilwaricn is taveable W the Elemarional Prastizal Temperatwre Seale {1F1%).

Audditicnalby, transfer standacd PIR 3222773 provides maccabiliny ta the World
Lulvared Stundund Groep 0W 1500 of prrgeameters owsed al the Infrared Radiometey
Seerion of the Woeld Radietnen Centre (WEREC-1IRE) Lnless ohecwise stated in the
rernarks scetion Pelow or oo the Sules Order, the resnles of this calibcalion are A5
FOUND S AS L™,

Thie Crate: Lppley recommends & mininmum calibralion evele of five (3) veus bol encounames
anrual valibralivng for highest measyrimen: aucumey.

Customar: Leados nnovat:ens Carp
Pout Huwoee, CA

T A EnT “7 __F_[FE:;__H B . h(

Signatras: In Charge of Tesl: Rey ewed P
Eppley 50 fdEd]

Date of Certiticars Oodober 10, 2018

Reiiuks: Custoricr lntrumeant f8EA-HI03 843

Do e Ropnet

RVIB Nathaniel B. Palmer
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PSP

THE EPPLEY LABORATORY, INC.

12 ShefMield Avennc, MY Roy 419, Newport, Khode lzland USA 02840
Phomez 40150201 Fae S1.8<7.0031  Email infifepple lus.com

Calibration Certificate

Instrument; Precision Spectral Pyeanowmeler, Wodel FSE, Serial Number 3309013

Procedure: This pyrenometer was gompared in lppicy's Inrearating [lemisplre accerding 1o
provedures deserbad In S50 2847 Seetfon 5.7 ang Technicu] Procedure, 1101 al
The Lippley Lahoestars, Int. s Clualite Assuranes Manual on Culibrations,

Transler Stamdard:  kppley Standacd Frecision Pyrancmercr, Moede] 3PP, Serial ~umber 375013

Resulis: Sensitivity: 8 =7.90 nV / Wm~
Uncerlainty: Lo = 20210 (3% conticlenss Ievel, k-2
Resistanue: T A2 ut 23
[rate af Teat: Ouetnher 18, 2018
Traceabilily: Thiz zalibiiion is raceable to che World Rodiatior: Beference {'WERERD through

camparizans with Eppley’s AHF siandand sell-<alibraring cavity pycheliometers
which pacticiputed in the "Dl Infematione] Pytheliomerric Compiarisens (1P
ML) ol Dhirvaes, Sweitmerland in Seplember-October 2015, Lipless olherwise staed in
the ek section belme or on the Sales Order, the resulrs of this calibration ars
UAR FOUMD FAS LEFT™

e Dioute: Fppley recoimends o minimur ealibeation secle of five (53 veais bul encourages
annual calibeativws Tur highest measuvenent oeeuracey.

Custeer: 1zidas lnnevations Corp
Fort Hucasume, CA
_n—'-'-'_'-.-'

v . '____.-'—'_'_'_
_D_C';':i.'."xf'l I'ﬂl" !";ﬂw{-__,{ P
—_— . .—'— ———
Signalures: In Charge of Test: Reviewed by:

Eppley S0 HEF
Dhite ol Certificate Octaber 19,2016

Fenarks: Custeer Instrument [ $EA5-0003 5044

[ e —

RVIB Nathaniel B. Palmer
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PAR (Mast)

QERIAOR DSEAEE

Biospherical Instruments Ine.

CALIERATION CERTIFICAT=

Celik-aton Date B S

Medel humbaer QSRE200

Zarial Numier 20531

Cperator TRFCZ

Ztandard Lamp 14537201 E) .

Frobe Exoitaton Wolzge Hange: B s} 15

Output Palasiby POSITIVE

P Condit b iioneiiii:
Calbratlen voltage: =] WO
Prabe Current 40 T

Frobe Outout Waolzge:

Probe Hurirated =l iy
Prabe Dark 10 'y
Fraba Met Responses 281 i
RGTED 1.7 !

Gorected Lamp Outout

Cutput In Air isame conditan as caliaratar):

H3SHE1E quantalcmisec
C.013014 ublem ses
GCalibraton Scala Fector

(T calowlsta iradianes, divida the et volage reading in Vals by this valus.)

Diny: 1053317 Wiguantasmizec)
5 A030E-00  WruEfsm'sac)

PlEs:
1. Araal c ibsriar is recommencen

Z. Caliralien is parfarned usitg a Sladard of Specal Irraziznze draceab e o ke

Matinnal Insrruta of S-ards s &and Tazhnzlogy (hiST)
3 Thag gzileczer should ta cleansd “ajuanih wita akearal
A Caliialicon wae pe-farmes wilk cosserier cakle, woaen availab e,

VDC+)

RVIB Nathaniel B. Palmer
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GUV (Mast)

Biospherical Instruments Inc.

ystem Calibration Certificate

THE INSTRUMENTS REFERENCED BELOW WERE FACTORY TESTED AND CALTERATED 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 instruments cited here were calibrated using a 1000W FEL #V-
038 (7/120/16) following procedures and standards traceable to MIST Standard of Spectral Iradiance F-616. Traceability paths and
calibration methodologies per National Burean of Standards (US) (NB5) Special Publication 250-20 Spectral Imradiance
Calibrations (1987) and NBS Publicahon 534-13 Optical Radiazhon Measurements: The 1973 Scale of Spectral Imadiance (1977).

Solar Calibrations. Lamp calibrations are problematic for solar UV measurements (wavelengths below 320 nm) because the solar
spectrum 15 radically different from the lamp spectrum and changes greatly as a functon of wavelength. Solar cabibrations are
achieved through direct companson with measurements of a mgh resolotion scanning spectroradhometer In San Dhego (SUTV-100),
which 15 part of the National Science Foundation’s UV Monitonng Network. The SUV-100 mstrument has a bandwndth of 1 nm
Calibrated filter radiometer data therefore report spectral nradiance at the chammel’s nominal wavelengths with a bandwdth of 1
nm Solar cahbrations are typically acourate to withm +10% for solar zenith angles smaller than 75°. At larger solar zenith angles,
UV channels have a greater uncerfamty due to the rapid change of the solar UV spectmum.

Note that this cerfificate contams a subset of the information delivered in the
calibration database 25110203113v0.mdb. This database is required for operation of
this system using Biospherical Instruments Inc.’s LoggerE software.
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PRR (Mast & Underwater)

I EE
uﬁﬁn

Biospherical Instruments Inc.
Wy T

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

BIOSPHERICAL INSTRUMENTS INC.
5340 Riley Street
San Diego, California 92110 USA

Instrument: PRR-800/810 System #115

Optical Calibrations:

MNIST Traceability. The specific instruments cited here were calibrated using a 1000W FEL #/-040({7/20/16) following
procedures and standards traceable to NIST Standard of Spectral Imadiance F616. Traceability paths and all
procedures for all calibrated lamps and associated apparatus (shunts, power supplies, etc) are maintained following
calibration methodologies per National Bureau of Standards (US) (NBS) Special Publication 250-20 Spectral Imadiance
Calibrations (1987) and MBS Publication 594—13 Oplical Radiation Measurements: The 1973 Scale of Spectral
Imadiance (1977).

Mote that thiz cerificate containg a subset of the information delivered in the calibration database
28000803115v12.mdb. This database iz required for cperation of this system using Biospherical
Instruments Inc.’s Profiler® 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: seabird{@seabird_com

SENSOR SERIAL HUMBER: 0226 SBE 45 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 18-Feb-17 P55 1978: C(35,15,0) = 4.2814 Siemens/meter
COEFFICIENTS:

g = -1.013733e+000 CPCcOr = -9.5700e-008

h = 1.569130e-001 CTcor = 3.2500e-006

1 = -5.22298%=2-004 WBOTC - 9.8072e-007

] = 6.723089%2-005

BATHTEMF BATH SAL BATH COND INSTRUMENT INSTRUMENT RESIDUAL

=C (PSL) (Sim) OUTPUT (Hz}) COMD (S/m} {Sim)
22,0000 o.ooooD 0.o00ooo 2548.99 o.oooooD 0.aooaoo
1.0000 34.778B2 2.97302 5055.47 2.97303 0.00001
4.4999 34.7582 3.27977 5245.81 3.27976 -0.00001
15.0001 34.7152 d.260583 5811.87 4.26049 -0.00004
18. 5000 34.7063 4_.60835 5997.94 4.60838 0.0o0004
24 . 0000 34.6972 5.16286 6286.7T0 5.16287 0.00001
29 . 0000 34.6931 5.68441 £544.93 5.&B440D -0.00001
32.5000 34 .6918 6.05673 6722.93 &.05661 -0.00012

f= Instrument Crutput(Hz) * sqri(1.0 + WBOTC * £) / 1000.0
t= temperature ("C}; p=pressure (decibars); &= CTcor; &= CPror;
Conductivity (Sm)=(g +h* f+i* £ +j*£)/10(1+5*t+e*p)
Residual (Si y=i bnctivity - bath bctivi
Date, Slope Comection

0op2———----- - -t ——— - o @ 19-Feb-17 1.0000000
- 1 1 1 1 1 1
1 1 1 1 1 1
- 1 1 1 1 1 1
- 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:” I 1 ] [} ] I
- 1 1 1 1 1 1
1 1 1 1 1 1
iy - 1 1 1 1 1 1
1 1 1 1 1 1
g - 1 1 1 1 1 1
ol - 1 1 1 1 1 1
— 1 1 1 1 1
8 0 . ] =T - --—-—--
- 1 1 1 1 1
2
1 1 1 1 1
I;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

' CALIBRATION
: AFTER
. MODIFICATIONS

rITTratetrT
[ |
[ T

-

1

|

1

1

1
n1m1___""“F““““““{"_____T___"_W__'"__T_____"F______'

1

1

1

:

1

1

MH————— - ==
A —— -

1

1

1

|
-ﬂmﬂ—-r1'r1'r1'r1'r]'r1-r1' 1'T1'T1_T1'Tﬂ'

1 2 4
Conductivity (Sim)

United States Antarctic Program 40



Data Report NBP18-01 RVIB Nathaniel B. Palmer

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: 0226 SBE 45 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 18-Feb-17 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

al = -1.625436e-004
4l = 3.0392515&-004
242 = -4.9930410e-006
43 = 2.190124e-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
=C OUTPUT {counts) =) = c)
1. 0000 TA42TT .3 0.9999 -0.0001
4.4999 BIE4AEZ .3 4. 5000 0.0o001
15. 0001 405760.1 14.9938 -0.0003
18. 5000 A51373.2 18.5%003 0.0oo3
24 . 0000 281923 .6 23,9939 -0.0001
29 . 0000 232180.3 29 . 0000 -0.0000
32,5000 203348.2 32.5000 o.0o0o0

n = Instrument Chatput (counis)
Temperature ITS-20 (“C) = 1/{a0 + al[/n{n)] + a.‘.![rnl(n}] + a&[h’ﬂu}]} -173.15
Peesidual (*C) = instrument temperatare - bath temperatore

Date, Offset (mdeg C)

@ IT-May-15 074
& 19-Feb-17 -0.00

=
=
I
:_
|
|
|
-
|
|
i
|
I
|
|
|

¢ 4

Residual (Degrees C)
(=]
]
i
1
1
:
T

=)
=
—_
|
1
I
1
1
1
1
——— e e — - — —
1
|
|
|
1
1
N
1
1
1
1
I
|
e e —__ 1
|
1
1
1
1
1
_—— e e e ———— = —
1
1
I
|
1
1
T (R
1
1
1
|
|
1
A
1
1
1
1
1
1
_—— A
|
|
|
1
1
1
1

1 1 1 1
-ﬂ-m—l-rr Ty 'rr‘l-r'l'rr‘rr“r T ‘I'F'l_I'T‘I'F'l'I'T‘I_F_l'I'T‘I' r-l-rT'rr'I
0 ] 10 15 20 % 0 15
Temperature (Degrees C)
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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
SENSOR SERIAL NUMBER: 0389 SBE 45 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 05-Oct-16 PSS 1078: C(35,15.0) = 4.2014 Siemens/meter
COEFFICIENTS:
g = -1.011215e+000 CPCOr - -9_.5700e-008
h = 1.476175e-001 CTCcor = 3.2500e-006
1 = -B.280491e-004 WBOTC - 1.2700e-007

i = 7.730207e-005

BATH TEMFP BATH SAL BATH COND [INSTRUMENT INSTRUMENT RESIDUAL

=C) {PSL) (Sim) OUTPUT (Hz} COMD (S/m} {S/m)
22,0000 DO.oD0O0 0.0ooooo0 2631.99 D.oo0DO0 o.aoooo
1.0000 34.7178 2.96835 5231.58 2.96833 -0.00002
4.5000 34 .6978 3.27464 5429, 24 3. 27466 o.aooo2
14.9999 346545 4_25385 &01&.97 4 .253B6 0_.00o01
18. 5000 34.6448 4.59807 6210.08 4. 59806 -0.00001
24 . 0000 34 .6345 5.15456 6509.85 5E.1E4RE -0.00002
29.0000 34.6289 5.67507 &777.88 5.67508 0.00001
32 5000 34 .6261 6.04656 6362 .65 &.04663 0.0ooa7

f= Instrument Crrtput(Hz) * sqri(1.0 + WBOTC * £) / 1000.0
t=temperamre ("C); p=pressure (decibars); &= CTcor; &= CPror;
Conductivity (S/m)=(g +h* f+i* £ +j*£)/10(1+5*t+e* )
Residual (Si y=i Snctivity - bath fnctivi
Date, Slope Comection

@ 29-May-14 0.9991997
& 053-0ct-16 1.0000000

Residual {Sim)

POST CRUISE
CALIBRATION

| | 1

| | 1

| | 1

| | 1

| | 1

| | 1

1 | | 1
D008—-r9-1- ‘|'T—|—rTT‘|‘T 'FT_FT'I'T'l'T_l—T_F 1 r 'r—r'r-l"l‘r 1r-

2 3 4 3
Conductivity (S/im)
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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

SENSOR SERIAL NUMBER: 0388 SBE 45 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 05-Oct-16 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

al = 32.090837e-005
al = 2.658070e-004
a2 = -1.8449632-006
a3 = 1.332162e-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
=C OUTPUT {counts) =) = c)
1. 0000 B28418.5 1. 0000 -0.0000
4. 5000 TOEE2B.0 4. 5000 o.ogooo
14.9999 447305.9 14.9999 o.0o0o0
18. 5000 JBE4B4 .7 18.4999 -0.0001
24 . 0000 I09027.4 24 . 0000 -0.0000
29 . 0000 253718.2 290001 0.0o001
32,5000 221745.8 32.4999 -0.0001

n = Instrument Chatput (counis)
Temperature ITS-20 (“C) = 1/{a0 + al[/n{n)] + a.'.![.hl(n}] + a&[h’ﬂu}]} -173.15
Peesidual (*C) = instrument temperatare - bath temperatore

Date, Offset (mdeg C)

e e B e s GUEE T EE P @ 29-May-14 034
& 05-Oct-16 0.00

o

o

8
=
|-

z

%

E_

POST CRUISE
CALIBRATION

'“-m_l—l_T Ty 'I_T'I_F'i_I_T-I_F__I' T -I_F_i_I_T'I_F'i'I'T—I_F_l'I'T"I' F_i_I_T'I'F'I

0 ] 10 15 20 % 0 15
Temperature (Degrees C)
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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 HNUMBER: 0323 SBE 38 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 23-Jan-16 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

al = 1.374421e-005
al = 2.751852e-004
a2 = -2.33516%92-006
a3 = 1.567304e2-007

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
=C) OUTPUT {counts) =C) = c)
-1.5000 T11106.6 -1.5000 o.0o0o0

1. 0000 B3I51E2.2 1. 0000 -0.0000
4.5000 543801.6 4.4999 -0.0001
a. 0000 d67106.4 a. 0000 -0.0000
11.5000 402497.5 11.5000 o.0o0o0
15. 000D 347892 .6 15. 000D o.oooo
18.5000 301594.1 18.5001 0.0001
22 . 0000 262216.7 22 . 0000 o.oooo
25.4999 228625.3 25.4998 -0.0001
29 0002 1338793.9 290001 -0.0001
32.5000 175217.4 32.5001 0.0001

n = Instrument Chatput (counix)
Temperature ITS-80 (“C) = 1/{al + al[/n{n])] + a![hlﬁn}] + ﬂ[h’qu-]} -273.15
Pesidual (*C) = instrument temperatare - bath temperatare

Date, Offset (mdeg C)

0.02——--——- P e e s EEE T R & 25-Jun-13 -0.02
& 23-Jan-18  0.00

Residual {Degrees C)
=
[
1
i
[ |

nsemde-4-POST CRUISE
| CALIBRATION

1
1
1
1
1
1
e
1
1
1
1
1
1
4
1
1
1
1
1
1
———e e e ————

I
I
1
1
I
I
1
r
I I
I I
1 1
I I
I I
I I I
_n “2 1 1 1 1 1 1 1
AT T AT T T T I T TAT TN TATETTITAT AT TS
[ [ I [ I 1 | |
0 5 10 15 20 25 30
Temperature (Degrees C)
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13431 NE 20th St. Bellevue, Washington 98005 USA
JEARAARELL Phone: (425) 643-UB66 Fax: (425) 643-0054 www.soabird.com

Temperature Calibration Report

[Customer:|[Lockheed Martin Antarctic Support |
[fob Number: | 6708 ] [Date of Report: || 252016 |
[Model Number | SBESE ] [Eerial Number: || 28461670223 |

S B SEA-BIRD ELECTRONICS, INC.

Temperaiure seasors are movm ally coli brated 'ax received, withow! adjusim eals, allowing o determination sensor drig. [f
the colibration ientifies a problam, then a secomd calibrotion is performed after work is compileted, The 'ox received®
calilralion is mot performed if dhe sensoris domaped or pon-fumt onal, or by customar reques,

Am "as received” calibration certificate is provided, liski mp coefficient s &0 comver Sensor freguency o temperature. Lsers
mug choose whether the "as recei ved” calibrotion or the previous calibradion better represents the sensor condidi om
during deployment. In SEASOFT enterthe chosen coefficients. The coefficient "affset” allows a sovall corection for
drij between cobibrations (consult e SEA SOFT maneal). Colibration coeffic ents obdained after a repoir apply only to

sufseguent dota.

'AS RECEIVED CALIBRATION W Performed 0 Mot Performed
Date: Drift since last cal: Degroes Colsaviyear
Commenits:

'CALIBRATION AFTER REPAIR' O Performed Not Performed
O O ey [Cp—
Comunenis:
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Transmissometer
PO Box 518 {541) 920-5850
f20 Applegate St Fax (541) 920-5277
Philomath, OR 97370 a S wanw.wetlabs.com
C-Star Calibration
Date 9.18.17 SN CST-889DR Pathlength 25 om
Analog output Digital output
Va 0002 v 0 counts
Var ATTAVY 15712 counts
Vi 4700 V 15477 counts
Temperature of calibration water 29T
Ambient temperature during calibration 229 C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr=e™*
To determine beam transmittance: Tr = (Vg - Vaas) / (Vier - Voo

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.

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.

Vg Measured signal cutput of meter.
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Fluorometer

PO Box 518 (B41) G20-5850

Ste WET@Labs  zHE

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 1/27/2016 S/M: FLRTD-B5S

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

Analog

Analog Analog Range d

Range1 Range2 (defaulf) Digital
Dark Counts LR E 0ar2 0.050 v T2 counts
Scale Factor (SF) a 15 20 pa™V 000082 pglicount
Maximum QOutput 408 4.08 4088V 16326 counts
Resolution 0.8 08 06 mv 1.0 coumts
Ambient temperature during characterization nasc

Analog Range: 1 (most sensitive, 04,000 counts), 2 (midrange. 03,000 counis), 4 (entire range, 016,000 counts).
Dtark Counts: Signal output of the meter in clean water with black tape over detector.
5F: Determined using the following equation: 5F = x = {output - dark counts), where x is the conceniration of the solution

used during instrurment characterization. 5F s used to desive instrument oulput conceniration from the raw signal output
off the fluorometer.

Maximum Cutput: Maximum signal ouput the fluorometer is capable of.
Resolufion: Standard deviation of 1 minute of collected data,

The relatiorship betwessn fluprescence and chiomphyl-a concentrations -5ty s highly variabie. The scale factor listed on this

concentration see “Standard Methods for he Examination of Water and Wasiewater™ part 10200 H, pubilshed joinfy by the American
Public Health Association, American Water Works Association, and the Water Environment Fedeafion.

FLRTD-B55 Revision J I17ne
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PO Box 518

ECO Calibration and Repairs

(541) 828-5650

Se:. WET@Labs  zHE%

Date 172712016 Customer Lockheed Antarctic Support Co. / Dave Morehouse
SM#  FLRTD-355 Technician  SML
Diagnosis

Evaluated instrument and found no problems.

Repairs

Standard Service performed. Verified tuning, tested, and characterized instrument. Replaced case seals.

ECO Standard Service Definition

The: bullhead connector, pressure housing and window on the Instrumesnt are first Inspectad for possible damage.
The Instrument then Is povwered on and the curment data ks checked to detanmine I the Instument ks working propesty.
The: Instrument pre-sanvice charactertzation s parfromed

The head Is next Inspacied for cracks In the LED, the detecior and Me maolor bores.

The: digital and analog cparations are checked,

The: Irestruments: scaling bs checkad with dye or scatier proy a5 determined by e Instrument type.

The finrware varskon on the Instrument |s updated as necessary.

The: case seals, desiceant, shaft seal, facepiate, and shatt are replaced 35 e Instrument §s resssemikad

The Instrument |s rescalied If needed aNar reassemily.

Standant tesfing ks performed on the Instrument and charactertzed before beaing retumed to the cusbomer.

ECO Standard Testing Definition
« Pesfonmed nolse test- 1 sampieisec for 60 seo

- Pesfonmied stablity test 1 samplaises for 12 his 25 needed
« Pesfonmed thesmistor callbration If Installed

+ Pesfonmied Ive SN IESELIE toct 5 samgios every & minubes 36 necded
« Pressure-tested unit

+ Compisted Instument characierization

« Updabed unit's characierzation shest and incuded on GO

« Uptiated unit's device Tlie and Included on CO

FLRTD-B55 Rewvision L

RVIB Nathaniel B. Palmer
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

CTD

Altimeter

This document certifies that the instrument detailed bolow has heen calibrated
according to Valeport Limited's Standard Procedures, using equipment with
calibrations traceable to UKAS or National Standards.

Calibration Certificate Number; 49383
Instrument Type: Altimeater
Instrument Saerial Number: 51520
Calibrated By: = J:Harpar
Date; off 2015

Signed: =

Full datails of the results from the calibration precedure applied to each fitted sensor are
available, on request, via email. This summa ry cerlificats should be kept with the
instrument.

Valepor Ltd - SlPerer's Quay  Iotnes | Deven TG EEW | UK
T 44 [0} 1603 869792 | F —44 (0 1803 BA9293

49
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Conductivity (primary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL HUMBER: 1314 SBE 4 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 01-Dec-16 P55 1978: C(35,15,0) = 4.2014 Siemens/meter
COEFFICIENTS:

g = -3.960477252+000 CPCOT = -9.5700e-008 (nominall

h - 4.57902311e-001 CTcor = 3.2500e-006 (nominall

1 = -B.BE0O3E213e-005

] = 2.95672674e-005

BATH TEMFP BATH SAL BATH COND [INSTRUMENT INSTRUMENT RESIDUAL

=C) {PSL) (Sim) OUTPUT (kHz) COMD (Sim) {S/m)
0. 000D DO.oD0O0 0.0ooooo0 2.94096 D.oo0DO0 o.aoooo
-1. 0000 34 .6325 2.7911% 8.33098 2.7911& 0_0ooo2
1.0000 34 .6329 2.96178 8.55024 2.96177 -0.00001
15. 0000 34 .6325 4_25145 10.05167 4.25140 -0.00005
18. 5000 34 .6312 d_ 59646 10.41&10 4.59648 o.ao00oo03
29,0001 34 .6295 5.6T7517 11.47318 5E.6TE2L 0_.00o004
32.5001 34.6234 6.04616 11.82206 &.04612 -0.00003

f= Instrument Cutpuaz (kHz)
t=temperamre ("C); p=pressure (decibars); &= CTcor; &= CPror;
Conductivity (S/m) =(z +h* f+i*f +j*£)/10 (1 +5*t1+e*p)
Residual (Si y=i octivity - bath condactivi
Date, Slope Correction

0.002-------~ F-----—1 R i AR oo # 01-Dec-16 1.0000000
- | | | | | 1
- l l l l l :
- I I I I I I
- | | | | | 1
0.001-------- R AR i Ik h P
} I I I I I I
— - I I I I I 1
_E - I I I I I 1
) - I I I I I |
w - ! ! g __:;-,J.=f¢::::’5Hh _______
3 - ] | i . i !
w I I I I I 1
& - | | | | | |
e
I I 1 I 1 1
D007 A T R A r
- 0 1 11 1 ! CALIBRATION
b b ATER
'“-mz_l_r'l_r"l'i"l_T'l_T'i'T"l T |_—I T'I'T_l_T_I—T'I"i'FT_I_T'i"I'IMeDIFIGATIONS
0 1 2 3 4 5 6 T

Conductivity (Sim)
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

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 HNUMBER: 1788 SBE 4 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 22-Mar-168 P55 1978: C(35,15,0) = 4.2014 Siemens/meter
COEFFICIENTS:

g = -9.79125732e+000 CPCOT = -9.5700e-008 (nominall

h - 1.25410805+000 CTcor = 3.2500e-006 (nominall
1 - 1.34277903e-004
i = 4.48411138e-005

BATH TEMFP BATH SAL BATH COND [INSTRUMENT INSTRUMENT RESIDUAL

=C) {PSL) (Sim) OUTPUT (kHz) COMD (Sim) {S/m)
0. 000D DO.oD0O0 0.0ooooo0 2.78230 D.oo0DO0 o.aoooo
-1. 0000 34 .5316 2.78377 5.45147 2.7B376 -0.00001
1.0000 34 .5320 2.95397 5.5T326 2.9539%9 o.aooo2
15. 0000 34 .5334 d_24056 6.41909 4.24085 -0.00001
18. 5000 34 .5333 d_.58486 6. 62706 4 .5B48B5 -0.00001
29,0001 34 .5313 5E.6&08B T7.23837 E.&E090 0_.0o0oo03
32.4999 34 .5234 6.03065 T.43674 &.03064 -0.00002

f= Instrument Cutpuaz (kHz)
t=temperamre ("C); p=pressure (decibars); &= CTcor; &= CPror;
Conductivity (S/m) =(z +h* f+i*f +j*£)/10 (1 +5*t1+e*p)
Residual (Si y=i octivity - bath condactivi
Date, Slope Correction

CALIBRATION
AFTER
1 | MODIFICATIONS

'“-mz_l_l"l 'I'"I_l_'l' F'I_F'l_T'I_T'I'l"I_T—I_T_l_T T T_I_T_I'T_I'T 'l_'[_ |
2 3 4 5 B T
Conductivity (Sfm)

0002-------- Fo----- R e ERRE R Fo-=--- ® 22-Mar-16 1.0000000
} I ! I I I I
- | I | | | |
- I I I I I I
- | I | | | |
0001-------- IRy R R b oo
; I | I I I I
— - I 1 I I I I
-E - I 1 I I I I
@ - I | I I I I
0= : : ad= oo
-a - 1 1 1 1 1 1
I 1 I I I I
E - | | | | | |
- l : l l l l
- I 1 I I I I
I 1 I I 1 I
L e i 1 )
I
:
|
|
|
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Transmissometer
PO Box 513 {541) 920-5650
620 Applegate St. Fax (541) 829-5277
Philomath, OR 97370 a S wanw.wetlabs.com
C-Star Calibration
Date 7.20.16 SN CST-439DR Pathlength 25 om
Analog output
Vy 0.057 V
Var 4752 V
Vi 4653 V
Temperature of calibration water 23T T
Ambient temperature during calibration 228 C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr=a™*
To determine beam transmittance: Tr = (Weg - Viassd § (Wrer - Viaand
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.

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 Tr2En
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PO Box 518 (541) B2D-5650

Priomah,OR 87370 WE Té Labs s metiase som

C-Star Repairs

Date 7M1/2016 Customer  NFS LMP4 1S5GS

SN#  CST-4300R Repair Order 31167

Standard Service (Analog)

= Replaced cover plate seal

= Checked optics alignment

= Performed noise test 1 samplefsec for 60 sec
= Performed stability test 1 sample/min for 12 hrs

= Pressure-tested unit
= Updated unit's calibration sheet

Additional Repairs
Replaced TX Pressure Window.
Replaced RX Pressure Window.

Comments

CST-430DR s Revision M TI2aM1
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Fluorometer

PO Box 518 (541) B20-5650

Sime WET@Labs — zHEZ

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 312018 S/M: FLRTD-1482

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

Analog

Analog Analog Range 4

Range1 Range2 (defaulf) Digital
Dark Counts 0.068 0.035 0.020 v 50 counts
Scale Factor [5F) g 12 25 palV 0UDO7T5 pplicount
Maximum Cutput 488 488 408V 16380 counts
Resolution 0.5 [ 05 mv 1.0 counts
Ambient temperature during characterization 23°C

Analog Range: 1 (most sensitive, 0-4.000 counts). 2 {midrange, 03,000 counts), 4 {entire range, 0~18,000 counts).
Dark Counts: Signal output of the meter in clean water with black tape over 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 & used to desive instrument oulput conceniraton from the raw signal output
of the: fluoromeber

Maximum Output: Maximum signal output the flucrometer is capable of.

Resolution: Standard deviation of 1 minute of collected data.

The relatioreship between fluorescance and chiorphyl-a concenirations k-6 |5 highly varabie. The scale factor lksbed on this

chiompiyl
concantration ses “Standard Methods for the Examination of Walker and Wastewaler™ part 10200 H, pubilshed join®y by the Amesican
[Punlic Health Association, Amencan Waber Works Association, and the Waater Emvionment Fedeaton.

FLRTD-1482 Revision J I170s
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Data Report NBP18-01

PO Box 518

ECO Calibration and Repairs

(541) 828-5650

Se:. WET@Labs  zHE%

Date 3102016 Customer MSF LMP4 I5G5
S/M#  FLRTD-1482 Technician KM
Diagnosis

Evaluated instrument and found no problems.

Repairs

Polished instrument face. Completed standard service & testing. Did not need to retune the instrument. New

characterization sheet, device files, and other information included on cd. Range: 125

ECO Standard Service Definition

The bulthead connectorn, pressune housing and wirdow on the Instrument are fAirst Inspactsd for possible damaga.
The Instrument then Is povered on and the curment dalta ks checked to detanming I the instument ks working propety.
The Instrument pre-sanvice charactertzation s parfomed

Thee head ks next Inspected fior cracks In the LED, the detecton and e molor bores.

The digital and analog cparalions are checked,

The: Instruments: scaling is checkiad with dye or scafier proy as defermined by e Instrument type.

The finrware verskon on the Instrument |s updated as necessary.

The case seals, deslocant, shiaft seal, faceplate, and shaft are replaced as The Instrument ks reassemiled.

The: Inestrument |5 rescaled If needed aner reassemily.

‘Sandar tesiing ks perfommed on the Insilument and characterized before being retumed to the customer.

ECO Standard Testing Definition

- Pesfonmed nolse test: 1 sampiaisec for 60 sec

« Pesfonmed stablity test: 1 sampiaisec for 12 his a5 needed

~ Pesfonmed thesmistor callbration If Instailed

« Pesfonmed Bve G presswre test S sampies every & minutas 35 nesded
« Pressura-testad Urit

~ Compieted Instrument characterzation

- Uiptiated unit's charactartzaton shest and Inciuded on CO

~ Uptiated unit's device fiie and Included on CO

FLRTD-1482 Rewvision L

RVIB Nathaniel B. Palmer
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CTD Fish / Pressure Sensor

Sea-Bird Electronics, Inc.

13431 NE 20th Street, Bellevue, WA 38005-2010 USA
Phone: (+1) 425-643-9866 Fax (+1) 425-643-9954 Email: seabird{@seabird.com

SENSOR SERIAL HNUMBER: 1480
CALIBRATION DATE: 18-Jan-17

SBE 8plus PRESSURE CALIBRATION DATA
10000 psia S/M 53052

RVIB Nathaniel B. Palmer

DIGIQUARTE COEFFICIENTS: ADSB0M, AD5B0B, SLOPE AND OFFSET:
Cl = -5.561704e+004 ADS90M = 1.16300e-002
C2 = 4.302402e-001 ADS90B = -B.63457e+000
C3l - 1.582810e-002 Elope - 1.00003
Dl = 4.708200e-002 offeet - -3.0883 (dbare}
D2 = 0.000000e+000
Tl = 3.029296e+001
T2 = -2.122954e-004
T3 = 4.352450e-006
Td = 2._626550e-009
TS = 0.000000e+000
PRESSURE INSTRUMENT INETRUMENT INSTRUMENT CORRECTED RESIDUAL
[PSIA) OUTPUT (Hz) TEMPERATURE {"C) PRESSURE (PSIA) PRESSURE (PSIA) [PSIA)
14.368 33018.50 1.9 15.428 14.549 0.5EL
2001.245 33602.ED 2.0 2005236 2000.BZ5 -0.420
3I9EE.124 34174 .60 22.1 IFIZ.2T4 3587.532 -0.132
5975.18% 34735.10 22.1 597%.167 5574.653 -0.296
TIEZ.I5E 3I5285.20 22.1 TIET.1ET TSE2.HEL 0,603
9345, 830 IEE24.TD 22.2 9953 636 55459 553 -0.331
TIEZ.ITE 3I5285.20 22.2 TIET 156 TSE2. 551 0.5TE
5375.203 34735.10 22.2 5375 .148 5574 BT -0.325
39BE.221 34174.70 22.2 3992 602 3588.260 0.03%
2001.256 33602.ED 22.3 2005213 2000. BO2 -0.454
14.3E5 33015.40 22.3 15.063 14.550 0225
Pesidual (P5SI1A) = comected instrument pressure - reference pressure
Date, Offset (PSI1A)
W—--——q=---q----~ i e e e B el e B, B LoNCL S P X
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
] 1 1 1 1 1 1 1 1 1
==y | I I I E A A 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 1 1 1 1 1 1 1 1
o 1 1 1 1 1 1 1 1 1 1
= N IS N S N L
i n _______________ = [ [ Bt
.§ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
g _ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
b ity ity Bt | I I I E A A 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 1 1 1 1 1 1 1 1
1 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 1
SO T TTTI T T FTTTi'T TTTIIIA T T rrry TTTTYTTTT.
i) 1000 2000 3000 4000 5000 GOOD T7OOD BOOD GODD 10000 11000
Pressure (PSIA)
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

as SEA-BIRD ELECTRONICS, INC. Phone  +1-425-843-009688
"-": SEA'BIRD 43431 NE 200 Street ' Fax 114258430054
W s SCIENTIFIC Bellevue, Washington 08005 USA www.seabird com
SERVICE REPORT Service Request 1005500626
Date 24-JAN-2017
CUSTOMER INFORMATION
Mame: LOCKHEED MARTIN ANTARCTIC SUPPORT CONTRACT (LMASC) PO Number:
Acoount : 40272054 4102806118
DAVE MOREHOUSE
DAVE MOREHOUSE. CONTRACTOR@USAP GOV
T20-588-2180
Bill To Address Ship To Address
700 MORTH FREDERICK AVE: NSF CONTRACTOR REPRESENTATIVEBUILDING 471 NORTH
END:NAVAL BASE VENTURA COUNT (NBVC);
GAITHERSBURG, MD 20878,115 PORT HUENEME,CA B3043,US

PRODUCT INFORMATION

ktem: 08P LEGACY
ktem Description: (LEGACY) SBE 09Phs CTD

Serial: 81480
Special Motes
Sennices Regquested:
Evaluate/Repair Instrumentation.
Problems Found:
Mo problems found
Senvices Performed:
Performed pressure calibration.
Performed complete system check and full diagnostic evaksation.
Installed NEW anode(s)
[0 ltem Description Gty
CONCERTIA CONFIRM AND RECERTIFY SBE SPLLUS. COMPLETE EXTERMAL 1
INSPECTION. TEST ALL FUNCTIONS AND INPUT CHANNEL
RESPOMSES. REPLACE A [FRRF)
—Unbilled tems I _ _
ltem ltem Description Gty
D44 SEACAT ANODE, 17 DIA., G1050 3

Page1of 2
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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: seabird{@seabird.com

SENSOR SERIAL NUMBER: 0150 SBE 43 OXYGEN CALIBRATION DATA
CALIBRATION DATE: 18-Mov-16

COEFFICIENTS: A =-5.1203=-003 HOMIMNAL DYNAMIC COEFFICIENTS
Soc= D.4584 B = 273642004 D1= 1.8263424 H1 =-3.200000e-2
Voffset =-0.4902 C =-3.5002e006 D2 = -4 8480322 H2 = 5.00000e+3
Tau2D =165 E nominal = 0.036 H3 = 1.45000e+3
BATH BATH BATH INETRUMENT INETRLUMENT RESIDUAL
OXYGEN (mll) TEMPERATURE [* C) SALINITY (PSU}  OUTPUT {voits) OXYSEN (mil) [ty
1.10 12.00 0.00 0.827 1.10 -0.00
1.11 z.00 0.00 0. 750 1.10 -0.00
1.11 E.00 0.00 0,781 1.10 -0.00
1.12 20.00 0.00 0.831 1.12 .o
1.14 26.00 0.00 0,942 1.14 0.0
1.14 30.00 0.00 0.974 1.15 0.0
385 z.00 000 1.374 3.B5 0.00
388 12.00 0.00 1.651 3_EB 0.00
388 £.00 0.00 1.430 3.E8 .o
330 20.00 0.00 1.862 3,50 0.0
3.9z 26.00 0.00 Z.021 3.52 0.0
3.9z 30.00 000 2.122 3.52 0.00
6.E0 E.00 0.00 Z.1385 E.6D -0.00
6.EL z.00 0.00 1.93% £.61 -0.00
[ 12.00 0.00 .45 £.62 0.0
6.66 30.00 0.00 3.251 6.66 -0.00
6.EE 20.00 0.00 T.82E [ -0.00
6.71 26.00 0.00 1.103 E.T1 -0.00
V= instroment owtpat (volis); T = temperatore (°C); 5= salimity (P50); K = temperaiure (7K)
Oms0l(T.5) = cxygen samration (mlTy; P =pressure (dbar)
Oorygen (mlT) = Soc * {\'+1‘nﬂi’.e¢‘{l.ﬂ+ﬂ'T+B‘Tz+C‘T’}' Onesol(T.5) * expE * P/ E)
Residual (mlT) = instroment cocygen - bath oxygen
Date, Slope (ml1)
Dd—-——-d———— (L SRR YO LI SRR YAy b————- [Ep— @ 16-Jan-16 1.0002
! ! ! ! ! ! ! ! ! & 18-Mow-16 1.0000
- i i i i i i i i i
- 1 1 1 1 1 1 1 1 1
[} [} [} [} [} [} [} [} [}
- 1 1 1 1 1 1 1 1 1
02— - oo e fomon S e fome- e et b e
- [} [} [} [} [} [} [} [} [}
[} [} [} [} [} [} [} [} [}
- 1 1 1 1 1 1 1 1 1
A NS R
“—-----lf-%‘“‘i:‘-l ----- t-—=-- -
g [} [} [} [} [} [} [} [}
[} [} [} [} [} [} [} [} [}
- 1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
bbb ' POST CRUISE
e i T-=--- r===-"a---=- T-==~- r-===--"-" T-———- [
- ! L ! L ! . CALIBRATION
- i i i i i i i i i
I I I I I I I I I
- 1 1 1 1 1 1 1 1 1
'0-4_TT'I'I‘jI_I_I'TTi'I‘I‘I'I_ITTT'Ii‘l‘l‘rri'l"l‘l‘l';rrTTTi‘I‘I‘I‘FiT‘I‘I‘l'IFFTT'lD
1

Oxygen (mia)
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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: seabird{@seabird.com

SENSOR SERIAL HUMBER: 0155 SBE 43 OXYGEN CALIBRATION DATA
CALIBRATION DATE: 18-Mov-16

COEFFICIENTS: A =-5405T7=-003 NOMIMNAL DYMAMIC COEFFICIENTS
Soc= 0.5593 B = 24886004 D1 = 1.82634e-4 H1 = -3.300000e-2
Voffset =-0.5034 C =-3.4114e006 D2 = -4.64803a-2 H2 = 5.00000e+3
Tau2d =172 E nomimal = 0.035 H3 = 1.45000e+3
BATH BATH BATH INSTRUMENT INSTRUMENT RESIDUAL
OXYGEN (mil] TEMPERATURE (" C) SALINITY (PSU} OUTPUT {voits) CNYGEM (mil) i)
1.10 1Z.00 a.o0 o.77E 1.10 0.oo
1.11 Z.00 Q.00 . 710 1.10 -0.00
1.11 E.00 a.o0 o736 1.11 -0.00
1.12 Z0.040 a. o0 . B30 1.132 0.4l
1.14 ZE.00 a.o0 o.874 1.14 -0.00
1.14 I0.00 a.o0 .903 1.14 -0.00
3.85 Z.00 a.o0 1.222 3._BS 0.om
3.88 1Z.00 a.o0 1.4857 3I_EB 0.om
3.88 &.00 a. o0 1.320 3I_EB 0.4l
3.30 Zo.0a a.o0 1.640 3.50 0.oo
3.32 ZE.00 a.o0 1.781 3.52 0.oo
3.32 3I0.00 a.o0 1.872 3.53 -0.00
B.ED E.00 a.o0 1.891 & ED -0.00
&.&L Z.00 a.o0 1.736 E.E1 -0.00
E.&82 1Z.00 a.o0 z.12% &E.E2 -0.00
B.GE 30,00 Q.00 Z.825 & BB o.o0
B.EE Z0.0a a.o0 Z.847 & EE 0.om
B.T1 2&6.00 a.o0 Z.630 &.T1 -0.00

V= instroment owtpat (volis); T = temperatore (°C); 5= salimity (P50); K = temperaiure (7K)
Oms0l(T.5) = cxygen samration (mlTy; P =pressure (dbar)
Qx}gmcmllu=50c'ﬂ'+1‘nﬂ3&¢‘ﬂ.ﬂ+ﬁ'T+B‘f+C‘T’}'D:sd(T,S}‘E:p(E‘P;‘E)
Fesidual (mlT) = instroment oxygen - bath oxyzen

Date, Slope (ml1)
Dd— o R [ IR [ Y S [ @ 14-Jan-16 1.0019
! ! ! ! ! ! ! ! ! & 18-Now-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
- ! ! ! ! ! ! ! !
02— ----qm———- T----- r———-°a----- T———~- r-———----- T————- r——---
- 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
- T ! ! ! ! ! ! ! !
E - i i ‘ i i i i i
B O0—----4 ™ q--=--- T———-- r-----
g 1 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 1
P R R - O R R T LEQQ&T CRUISE
- ! ! ! ! ! ! ! ' CALIBRATION
- ! ! ! ! ! ! ! !
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
'0-4_TT'I'Il_rrTTl'l-l-l_l_gTTT'l1_I_I_'I'Tl'l"l-l_l_£rTTTl‘I_rrrlT-l-l_l_grrTT_lu
1

Oxygen (mia)
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CTD Pump 1 (Primary)

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

et e e A A

[ Service |
[__Beport_]

Customer Information:

Mwmmammmn | [Dae [ @014 |
IIIIEue Morehouse |

mlm |

Serial Number | | 055641
Model Number | SBE 05T
Services Requested:

1. Evaluate/Repair Instrumeniation.
2. Replace standard impulse connector(s) with NEW wed-pluggable connectoris).

[RMA Number || 77208 ]

Problems Found:

Services Performed:
1. Performed initial diagnostic evaluation.

2. Installed NEW two pin wet-pluggable bulkhead conmector(s).
3. Performed internal inspection and CO-ring and thrust washer replacements.
4. Performed hydrostatic presswure test.

Special Notes:

Monday, March 31, 2014 Page 4 of 5
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CTD Pump 2 (Secondary)

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

et e e A A

[ Service |
[__Beport_]

Customer Information:

Mwmmammmn | [Dae [ @014 |
IIIIEue Morehouse |

mlm |

Sorial Number | | 055643
Model Number | SBE 05T
Services Requested:

1. Evaluate/Repair Instrumeniation.
2. Replace standard impulse connector(s) with NEW wed-pluggable connectoris).

[RMA Number || 77208 ]

Problems Found:

Services Performed:
1. Performed initial diagnostic evaluation.

2. Installed NEW two pin wet-pluggable bulkhead conmector(s).
3. Performed internal inspection and CO-ring and thrust washer replacements.
4. Performed hydrostatic presswure test.

Special Notes:

Monday, March 31, 2014 Page & of 5
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CTD Pump 3 (Primary)

o, Sea-Bird Scientific +1 425-643-D866
% SEABIRD 13431 NE 20% Street seabird@seabird.com
_;.‘ SCICRTITIS  Bellevae, WA 98005 www.seabird.com

T USA

Pressure Test Certificate

Test Date: 2017-08-02 Description: SBE-S5T Submersible Pump

Sensor Information: Replaced the main piston "0"-Rings.
Model Number: SBE-S5T

Serial Number: 05T-1

Pressure Test Protocol:
Low Pressure Test: S0 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 30 Minutas

Passed Test: True

Tested By: BLT High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

—

Time
Typical Test Profile
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CTD Pump 4 (Secondary)
s Sea-Bird Scientific +1 425-843-0866
".j_. SEABIRD 13431 NE 20" Street seabirdi@seabird. com
f SCICHTICND Bellevae, WA BB005 www seabird. com
T USA
Pressure Test Certificate
Test Date: 2017-08-02 Description: SBE-S5T Submersible Pump
Sensor Information: Replaced the main piston "0"-Rings.

Model Number: SBE-ST

Serial Number: 05T-162T

Pressure Test Protocol:
Low Pressure Test: S0 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 30 Minutas

Passed Test: True

Tested By: BLT High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

—

Time
Typical Test Profile
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PAR

Biospherical Instruments Inc
CALIERATION CERTIFICATE

UMDERWATER FAR SEMSCR WIITH LOG ARPIIFIFR

Calibration Date:
Model Mumber: ©
Serial Mumber:
Operator:
Standard Lamp: 91453
Qperating Voltage Range: " 15 WD (4]

Mate: The QSP200L4S uses a log amplifier to maasur: 1 coleston signal cumant with W = log | JAmps; ¢ IRef

Ta celoulata iraciancs, use this farmula

Job Mo.:

I Irradiance = Gallbration tacior - (10°Light Signal Valtage - 10" Dark Voltage) ]

Wu'th tie Approprate (solar carrecied] Imaciance Caliba lion Factor _
DOry Callbration Factor: 3.02E+13 [quantalerm? -sec per valt §.01E-05 |LEInstelnsicm®-sec per volt
Wet Calibration Factor: 5.32E#13 [quantalem®-sec per volt 8.84E-05 |Einsteins/cm?-sec per valt

Sensor Test Data and Results”

Senscr Sepply Sursnt (Darky: B5.8 &
 Supply Violtags: i Waolts
Lamo Intagrated FAR Imadanse. | £ 58E+ 15 [quantaler - sac L.01381 |uEinsteinsicm’ses ]
GG 3 Immersion Goeficiens [ 05654 Sealer Sorrectan. 1 PAR Golar Carection | © 0000
Mzzsured Estimatec  Czlo. TestImad.
Meminal  Galbraed  Sensor Measured Signal Output Lo {quantal
Elen OO0 Trans. eltage Trans IAmps) oty alts)  Error %) om” 2en)
Mo Filer | 100.00%, 2 448 100.00% 2. T9E-D3 2445 .oz il 5 asF158
0.5 Q6. 10% 2 C1C 2T 1.3:E-0& 2.010 0.000 0.5 S.04E+10
0.5 2T a0 | 848 2T 7.B0E-D2 1.885 0,003 -1 Z.34E+15
1 H2TW 1 A48 351 ZEEE-DS 1438 0005 -2.5 THTE+14
2 1.17% L 1.15% 321E-10 [ BA3 -0.009 -3.4 BG3E+13
3 0.05% 0 N 2 1BE 11 0318 0017 A0 [E4BEHZ
Ciark. Before: 1177 Wolis
light - M Fifter Hidr: 2 440 Yalis lpe = 1.00E-10 Amps
Cark After - NFH- T 0 1777 als Iran = TEOE-10 Amips RGTED 0.192
foerage Dark 077 vals 0¥ =T 502060

e,

1. Aarual calbradicn is recomrandaic.

2. Tra coleslornzul be Cdeared fresuznily #th alzakal

4 Thiz seclizn = T oleral wes a@nd o mcee advar sas analysis,

QEP2OOL-CSP2300 (4-207 3- xls
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Temperature (primary)

13431 NE 20th St. Bellevue, Washington 98005 USA
{RARRDRDERL: Phone: (425) 643-0866 Fax: (425) 643-0054 www.seabird.com

Temperature Calibration Report

[Customer:|[Lockheed Martin Antarctic Support |
[fob Number: _|[_ 88251 ] [Date of Report: || 52016 |

[Model Number |[SBE 03-02TF_] [Serial Number: | 031649 |

Temperaiure seasors are movm ally coli brated 'ax received, withow! adjusim eals, allowing o determination sensor drig. [f
the colibration entifies a problam, then a second calibrotion is performed after work is compileted, The 'ox received”
calibralion i not performed if $he sensor is domaged or por-fumcti onal, or by customar reques.,

S B SEA-BIRD ELECTRONICS, INC.

Am "ar received" calibration certificate is provided, livk mg coefficiert s &0 Comver Sensor frequency to temperature. Lsers
mug choose whether the "as recei ved” calibrotion or the previous calibradion better represents the sensor condidi om
during deployment. In SEASOFT enterthe chosen coefficients. The coefficient "affset” allows a sovall corection for
drij between col brations (consult t e SEA SOFT maneal). Colibrotion coeffic ents obdained after a repoir apply only to

sufseguent dota.

'AS RECEIVED CALIBRATION' W Performed O Not Performed
Date: | 225/2016 Drift since lastcal: | -0-00051 | Degmes Colsinatyasr
Commenis:

'FINAL CALIBRATION M Performed O Not Performed
Datr: | 3152016 Drift since 20 Feb 15 | -0.00050 | Degmes Colsmsyesr
Commenits:

Tha connactor was upgradad to wat-pluggabile type.
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Temperature (Secondary)

13431 NE 20th St. Bellevue, Washington 98005 USA
{RARRDRDERL: Phone: (425) 643-0866 Fax: (425) 643-0054 www.seabird.com

Temperature Calibration Report

[Customer:|[Lockheed Martin Antarctic Support |
[fob Number: _|[_ 88251 ] [Date of Report: || 22712016 |
[Model Number | SBEGE ] [Serial Number: | [ELETED] |

S B SEA-BIRD ELECTRONICS, INC.

Temperaiure seasors are movm ally coli brated 'ax received, withow! adjusim eals, allowing o determination sensor drig. [f
the colibration entifies a problam, then a second calibrotion is performed after work is compileted, The 'ox received”
calibralion i not performed if $he sensor is domaged or por-fumcti onal, or by customar reques.,

Am "ar received" calibration certificate is provided, livk mg coefficiert s &0 Comver Sensor frequency to temperature. Lsers
mug choose whether the "as recei ved” calibrotion or the previous calibradion better represents the sensor condidi om
during deployment. In SEASOFT enterthe chosen coefficients. The coefficient "affset” allows a sovall corection for
drij between col brations (consult t e SEA SOFT maneal). Colibrotion coeffic ents obdained after a repoir apply only to

sufseguent dota.

'AS RECEIVED CALIBRATION ¥ Performed 0 Mot Performed
Datc: Drift since last cak: Degroes Colsavyear
Commenits:

'CALIBRATION AFTER REPAIR' O Performed Not Performed
Y N o PR———
Comunenis:
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Trace Metal CTD

Altimeter

Thiz doecument certifiea that the instrument detailed below has been calibrated
according to Valeport Limited's Standard Procedures, using equipment with
calibrations traceable to UKAS or National Standards.

Calibration Certificate Mumber: 46554
Instrument Type: Altimetar
Inetrument Serial Number: H6636
Calibrated By: L.Bicknall
Date: 16/09/2016
Signed: e

Full details of the results from the calibration pracedure applied to each fitted sensor are
available, on reguest, via email. This summary certificate should be kept with the
instrument.

Malepor Lid St Pemr's Ouay | Totnos - Dewon | TQS BEW | LK
[ -44 i0) 1807 869292 | F: +44 [0) 1603 BE9293
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Data Report NBP18-01

Conductivity (Primary)

RVIB Nathaniel B. Palmer

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: 4087
CALIBRATION DATE: D8-Jan-17

COEFFICIENTS:

g = -9.933389102+000
h - 1.489539530e+000
1 = -2.365710&68e-003
] = 2.65176312e-004

BATH TEMP BATH SAL BATH COND

*c {FSU) (S/m)
0. 0000 0.0000 0.00000
-1.0000 34.9170 2.81193
1.0000 34.9171 2.98376
15. 0000 34.9154 4.28248
18.5000 34.9146 4.63000
29. 0000 34.9115 5.71E615
32.5000 34.9030 £.08939

f= Instrument Ouwtput (KHZ)
t=temperaiure ("C); p=presure (decibars);

SBE 4 CONDUCTIVITY CALIBRATION DATA
P55 1978: C(35,15,0) = 4.2014 Siemens/meter

CPCOr = -9.5700e-008 (nominall
CTcor = 3.2500e-006 (nominall

INSTRUMENT INSTRUMENT RESIDUAL
OUTPUT (kHz) COMD (Sim) {S/m)

2z
5
5
5.
&
&
&

.58612 0.0000D 0.00000
- 06308 2.81194 0.00001
-17606 2.98375 -0.00001
36077 4.28247 -0.00001
-15365 4.63000 -0.00000
-72049 5.T1&17 o.ooo0o02
.30438 &.08938 -0.00002

&=CTeor; &= CPror;

Conductivity (S/m) =(z +h* f+i*f +j*£)/10 (1 +5*t1+e*p)
Residual (53 y=i nctiviry - bath conductivi

Date, Slope Comection

0.002—------- iRl EECEE D F---——— - mmpmomm oo Fo--=--- @ 23-Apr-15 0.9999891

& 06-Jan-17 1.0000000

0001—-----~- s Fommmme R i ===
- | 1 | | | |
I 1 I I I I
— - I 1 I I I I
S N :’
- O 1 1 " ‘ 1 — [
g - I I . I . .
w _ I 1 I I I I
-2 I I I I I I
I 1 I I I I
- I 1 I I I I
L e L

|
0 1

1 I I I
1 I I I
1 I I I
1 I I I
I | | |
1 I I I
1 I | | I
'“-mz_l_l_T'l' 7711 '|‘r‘|'r‘|‘r‘|' |' -I_F—I_T_l_T'I' T_I_T_I'T_I'T'l"f_r'l" r-
2 3 4 5

. POST CRUISE
i CALIBRATION

|
Li 7

Conductivity (Sim)
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

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: 4670 SBE 4 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 168-Mar-17 P55 1978: C(35,15,0) = 4.2014 Siemens/meter
COEFFICIENTS:

g = -9_.BB589275e+000 CPCOT = -9.5700e-008 (nominall

h - 1.19589502e+000 CTcor = 3.2500e-006 (nominall

1= 2.915088032-005

] = 4.20244202e-005

BATH TEMFP BATH SAL BATH COND [INSTRUMENT INSTRUMENT RESIDUAL

=C) {PSL) (Sim) OUTPUT (kHz) COMD (Sim) {S/m)
0. 000D DO.oD0O0 0.0ooooo0 2.87464 D.oo0DO0 o.aoooo
-1. 0000 34.7223 2.79771 5.62327 2.79770 -0.00001
1.0000 34.7228 2.96873 5.74874 2.96874 o.00001
15. 0000 34.7243 4_26152 6.62030 4.261583 0_.00o01
18. 5000 34.7246 d_ 60752 6.83462 4.60750 -0._.00002
29 . 0000 34.72319 5.6BEAY T.46472 E.&GBEBOO 0_0ooo2
32.5000 34.719%9 6.06108 7.66952 &.06107 -0.00001

f= Instrument Cutpuaz (kHz)
t=temperamre ("C); p=pressure (decibars); &= CTcor; &= CPror;
Conductivity (S/m) =(z +h* f+i*f +j*£)/10 (1 +5*t1+e*p)
Residual (Si y=i octivity - bath condactivi
Date, Slope Correction

0002-------- Fo----- R e ERRE R Fo-=--- @ 16-Mar-17 1.0000000
) I I I I I I
- | 1 | | | |
S R A R
- | 1 | | | |
0001-------- T T A T
S
— - I 1 I I I I
- I 1 I I I I
A
Ry — o4 A S
3 - I 1 I I I I
w _ I 1 I I I I
P b
- I 1 I I I I
I 1 I I 1 I
B e it iniitiind Releitaialty niaieiatelint Saieietebiie sttt

-“-ﬂ'ﬂ?—l‘m T
0 1

1 I
1 I
1 I
1 I
I |
1 I
1 |
'I'F'I_F'l_T'I_T-I' 'I_T—I_T"T'I'T_I_T_I'T_I'T'
2 5

3
Conductivity (Sfm)
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

(425) 643-0954
== e seabird.com Email: seabird@seabird.com

s B E Sea-Bird Electronics, Inc. hone: (425} 6435865
_ 13431 NE 20" St. Bellevue, Washington 98005 USA  Fax:
Pressure Test Certificate

Test Date: 072116 Description: SBE-4 Conduciivity Sensor

Sensor Information:
Model Number: 04

Serial Number: 4670

Pressure Test Protocol:
Low Pressure Test: 40 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 15 Minutas

Passed Test: Yes

Tested By: bk High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

Time

Typical Test Profile
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Transmissometer
PO Box 518 {541) 920-5850
f20 Applegate St Fax (541) 920-5277
Philomath, OR 97370 a S wanw.wetlabs.com
C-Star Calibration
Date 11.10.16 SN C5T-897DR Pathlength 25 om
Analog output
Wy 0.058 ¥
Var ATE1 W
Vi 4662 V
Temperature of calibration water 235%TC
Ambient temperature during calibration 24T C

Relationship of transmittance (Tr) to beam attenuation coefficient (c), and pathlength (x, in meters): Tr=e™*
To determine beam transmittance: Tr = (Vg - Vaas) / (Vier - Voo

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.

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.

Vi  Measured signal output of meter.

Revision M Tr2En
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Fluorometer

PO Box 518 (541) 828-5650

Sie,  WET@Labs =S

ECO Chlorophyll Fluorometer Characterization Sheet

Date: 121972016 SIN: FLRTD-3928

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

Analog

Analog Analog Ranged

Range 1 Range2 (default) Drigital
Dark Counts 0.073 0.042 0.026 WV 51 counts
Scale Factor (SF) il 12 25 pgliv 0.0075 pglicount
Maximum Output 408 406 408 vV 18380 coamis
Resolution 12 12 12 m¥ 1.0 counts
Ambient temperature during characterization 217 *C

Analog Range: 1 (most sensitive, 04,000 counts), 2 (midrange, 08,000 counts), 4 (enfire range, 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: 5F = x + {output - dark counts), where x is the concentration of the
solution used during instrument characterization. 5F is used to derive instrument output concentration from the raw
signal oulput of the flucrometer.

Mactimum Output: Maximum signal output the fluorometer is capable of.
Resolution: Standard desiation of 1 minute of collected data.

The relationship between fucrescance and chiorophyll-a concentrations in-sity s highly varabie. The scale tactor Bsted on this

document was determined using a mono-culiure of phytopianiion [ Thalassiesira welssfog ). The popuiation was assumed in be

using extraction-oased measurement tachniques on discrete sampies. For addltional information on determining
conceniration see “Standand Methods for the Examinalion of Water and Wastewster pan 10200 H, published jointly by the American
Public Healln Ass0ciation, Amerncan Water Works Assoclathon, and the Waber Erironment Federation.

FLRTD-2828 Revision J anvne
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Data Report NBP18-01

CTD Fish Pressure Sensor

SBE

Digiquartz Pressure Calibration dP/dT Corrected Coefficients

SEA-BIED ELECTRONICS, INC.
13431 ME 20" 5t, Bellevue Washington 98005 USA
RARLLCLRL:  phope: (425) 643-9866 Fax: (425) 643-9954 Email- seabirdi@seabird com

{Changed cogfficients are posted in italics)

Pressure Transducer Serial Mumber: 138503

Omiginal Calibration Date: 16-Mar-17
Date of Correction- 2017-03-21

Installed in: SBE 9Phes 534 1315
PRESSURE COEFFICIENTS

1 4279359 pia

2 00341051 prialdeg €
C3  L178200e-002 peialdeg C*
DI 3.724300e-002

D2 0.000000e+000

I1 3025805 Hsec

12 -299834e 04 wsecideg C
T3 3.761720e-006 psec/deg C*
T4  3.353750e009 psecideg C*
75 0.000000e+000

Slope =

Offset = 0.0

Corrected at Sea-Bird Electronies as per Paroscientific Calibration and Sea-Bird Electromices dP/dT tests.
The onginal cahibration from Paroscientific assumes an operating temperature range of 0 to 125 degrees C.
dP/dT comrection adjusts this operating range to 2 nommal rnge of 0 to 22 degrees C. This increases the
accuracy of the fransducer m this temperature range.

HNOTE: Onginal coefficients from Paroscientific are attached to this form for informational purposes and

should not be wsed.

RVIB Nathaniel B. Palmer
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Dissolved Oxygen (Primary)

1-. Sea-Bird Scientific +1 425-84 30806
% SEABIRD 12431 NE 20" Street seabird@seabird .com
g SCEMTIFIC  Bellevue, WA 28005 www.seabird.com
USA
SENSOR SERIAL NUMBER: 2287 SBE 43 OXYGEN CALIBRATION DATA

CALIBRATION DATE: 01-Aug-17

COEFFICIENTS: A=-376810=-003 NOMIMNAL DYMAMIC COEFFICIENTS
Soc= D.5018 B = 1.76063=-D04 D1 = 1.82634e-4 H1 = -3.300000e-2
Voffset = -0.5258 C =-2. 7834008 D2 = 4.84803e-2 H2 = 5.00000e+3
Tau2d =1.14 E nomimal = 0.035 H3 = 1.45000e+3
BATH BATH BATH INSTRUMENT INSTRUMENT RESIDUAL
OXYGEN (mi) TEMPERATURE (" C) SALINITY (PSU} OUTPUT {vnits) ONYGEM (mi) i)
1.90% Z.00 a.o0 o.752 1.089 -0.00
1.10 E.00 a.o0 o.782 1.10 -0.00
1.1z 1Z.00 a.o0 o.B2B 1.13 -0.00
1.13 Z0.00 a.o0 m.B8391 1.13 0.om
1.15 Z&.00 a. o0 .8943 1.16 0.4l
1.1 I0.00 a.o0 0.97% 1.17 0.oo
3.591 Z.00 a.o0 1.336 3.51 -0.00
3.32 E.00 a.o0 1.438 3.53 -0.00
3.94 1Z.00 a.o0 1.5394 3. 54 0.om
3.97 Zo.0a a.o0 1.805 3.57 -0.00
3.9% ZE.00 a.o0 1.9&E 4.00 0.oo
4.01 30,00 Q.00 Z.0as 4.02 o.o0
B.TE Z.00 a.o0 1.8928 &._TE 0.om
B.TS E.00 a.o0 Z.105 &.T9 -0.00
&.8T 1Z.00 a.o0 I.388 &.BE7 0.oo
&.394 Zo.0a a.o0 Z.7e0 &.54 -0.00
6.9% Z&.00 Q.00 3.050 &.59 o.o0
7.00 3I0.00 a.o0 3.242 T.00 -0.00

WV = instroment output (volts); T = temperatore (°C); 5= salimity (P5U); K = temperaiure (“K)
Oxsel(T,5) = oxygen samration (mlly, P = pressure (dbar)
0q-gm¢mlﬂ=5m:*ﬂ'+1‘nﬂ3&¢‘ﬂ.ﬂ+A'T+B‘f+C‘T’}'D:sd[T,S}‘Eq:(E‘P;’E)
Pesidual (mlT) = instrument oxygen - bath oxygen

Date, Slope (ml1)
—————— & 07-Ju-16 1.0D63
& D1-Aug-17 1.00D0

POST CRUISE
""" t~ " CALIBRATION
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

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: seabird{@seabird.com

SENSOR SERIAL NUMBER: 3178 SBE 43 OXYGEN CALIBRATION DATA
CALIBRATION DATE: D8-Jan-17
COEFFICIENTS: A =-3.8358=-003 HOMIMNAL DYNAMIC COEFFICIENTS
Soc= 0.30893 B = 1.9075-004 D1= 1.8263424 H1 =-3.200000e-2
Voffset =-0.7143 C =-3.2560e-006 D2 = -4 84803=-2 H2 = 5.00000e+3
Tau2D =128 E nominal = 0.036 H3 = 1.45000e+3
BATH BATH BATH INETRUMENT INETRLUMENT RESIDUAL
OXYEEM (mil) TEMPERATURE (" C) SALINITY {PSU}  OUTPUT {voits) CHYEEN (mill) [muny
1.18 z.00 0.00 1.015 1.15 -0.00
1.16 £.00 0.00 1.054 1.16 -0.00
1.16 12.00 0.00 1.108 1.16 -0.00
1.18 20.00 0.00 1.13% 1.18 -0.00
1.21 26.00 0.00 1.255 1.1 0.0
1.22 30.00 0.00 1.304 1.22 0.0
3.88 £.00 0.00 1.850 3.E8 0.00
388 z.00 0.00 1.726 3_EB 0.00
391 12.00 0.00 T.044 3.51 .o
394 26.00 0.00 T.4393 354 -0.00
396 20.00 0.00 . 308 3.5 0.0
3.95% 30.00 000 Z.651 4.00 0.00
6.EZ 2.00 0.00 T.435 £.62 -0.00
E.E2 £.00 0.00 650 £.62 -0.00
6.63 12.00 0.00 T.96E £.63 0.0
6.73 20.00 0.00 3.424 £.73 -0.00
6.7E 30.00 000 3.93% &.T8 -0.00
6.81 26.00 0.00 1738 £.B2 0.0L
V= instroment owtpat (volis); T = temperatore (°C); 5= salimity (P50); K = temperaiure (7K)
Omsol(T.5) = cxygen samration (mlTy; P =pressure (dbar)
Orygen (mlT) = Soc * ﬂ’+1‘oﬂ3&¢‘{l.ﬂ+ﬂ'T+B*T‘+C‘T‘}' Onesol(T.5) * expE * P/E)
Fesidual (mlT) = instroment oxygen - bath oxyzen
Date, Slope (ml1)
Dd— - — - L gy s 1 @ 11-May-16 1.0061
- : : : : & 05-Jan-17 1.0000
- i i i i
[} [} [} [}
- [} [} [} [}
02— - = el T TS, SRS PP
A
1 1
1 1
[} [}
[} [}

L
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

CTD Pump 1 (Primary)

s B E Sea-Bird Electronics, Inc. Phone: (425 643.9866
_ 13431 NE 20™ 5t. Bellevue, Washington 98005 USA  Fax:  (425) 643-9954

= www seabird.com Email: seabird@seabird.com

Pressure Test Certificate

Test Date: 2017-01-09 Description: SBE-ST Submersible Pump

Sensor Information: Replaced the main piston "0"-Rings.
Model Number: SBE-S5T

Serial Number: B275

Pressure Test Protocol:
Low Pressure Test: 40 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 30 Minutas
Passed Test: True

Tested By: th High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

Time

Typical Test Profile
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

CTD Pump 2 (Secondary)

(425) 543-9954
= www seabird.com Email: seabird@seabird.com

s B E Sea-Bird Electronics, Inc. Phone: (425 643.9866
_ 13431 NE 20" 5t. Bellevue, Washington 98005 USA  Fax:

Pressure Test Certificate

Test Date: 2017-01-23 Description: SBE-ST Submersible Pump

Sensor Information:
Model Number: SBE-5T

Serial Number: 9000

Pressure Test Protocol:
Low Pressure Test: 40 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 15 Minutas

Passed Test: True

Tested By: =a High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

Time

Typical Test Profile
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RVIB Nathaniel B. Palmer

Data Report NBP18-01

Calibration Date: 112015
Muodel Number: A5 P20
Serial Number: T

Operator: 1

Operaling Voliage Range: B

Senzor Test Data and Results

Marninal Fzpaciexl Calibrated
Filkz- D0 “ransmission Trars
M Frllen 100%, 100.00%,
0.3 ] SE.10%
060 2% 27 R,
i % 2E M
2 1% 1.11%
3 004 0.05%
RCGTAD [ (0 0005
Dark Before:
Ligah - Mo Filler Hidr:
Dark Afer - NF-I:
Swcrage Dark
Fotes
© LAl clhedion is rmermmandes

23 Tais seebinn £ forirsemns ase g ‘o rae sdeancan arayss

Stanclard Larnp: 27253720016

Bensor Supply Currert (Darky:
Supply Vo tags:

Lamz Integrated FAR Irragiangs:
Immers cr Coefisient:

tn

Sensor
Wallaga

Wil
Wiolls
Winlta
Wiils

15

ma
Wilrs

WO (+)

Mote: The QSP2350 outpul is a voltage that is proportional to the
To calculate irradiance, use this formula:
Irradiance = Calibration factor* (104Light Signal Veltage - 10*Dark Voltage)

Dty Calibration Factor: Z.72E+12 quantalcm®-sec per volt
Wet Calibration Facter: 4.81E+12 quanta/cm’sec per volt

quantatem’ sec

Expocted Vollage %

noltage
3 458
JCAE
252G
2458
1.533
0216
0011

Emar
(53
0o
1%
D%
1%

4G4

A%

Job No..: F1281

log of the incident irradiance.

4.52E 08
7.99E-06

0.0 381

Measiiad
T-ars.
100 D0,
JEA1E
27865
2 45%
TA2%
C05%,
G 00

HEinsteinslcm® sec per volt
HEinsteingfcm® sec per volt

pEnsEnsiomsan

Test Irrad.

Transm == an (uanta’
Frror [ cm’men)
0.0 83E+1b

oo J03EHE

04 2 A3EHE

-1.4 T OPE+14

-1.2 342012
12.3 4 NEE+ 12
-100.0 G.O%E+°0

PAR
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Temperature (Primary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL NUMBER: 5877 SBE 3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 168-Mar-17 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

g = 4.37069269e-003
h - G.38156258e-004
1 = 2.24532322e-005
] = 2.11270332e-006
fo - 1000.0

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
rc QUTPUT (Hz) =€} *c)
-1.5000 3064 .582 -1.5000 -0.o0002

1.0000 3242.471 1.0000 0.000032
4.5000 3503 .8920 4.5000 o.oo0o032
a.0000 3780.216 7.993% -0.00006
11.5000 4071.786 11.5000 -0.00001
15. 0000 4373.003 15. 0000 -0.00001
18.5000 4702.282 18.5001 o.oooo7
22,0000 S5041.956 22,0000 0.00001
25. 5000 5398.403 25 5000 -0.00003
29,0000 5771.370 29,0000 -0.00004
32.4933 6162.983 32.43939 0.000032

f= Instrument Cutpur (Hz)
Temperature ITS-80 (°C) = 1'{g + h[in(f0 / £3] + i{in (5 / £] + j[n (0 7 £]} - 273.15

Fesidual (FC) = instrument temperatune - bath temperatone
Date, Offset (mdeg C)

0.02—------ Fo-—=-- po--—-- T------ T-—---- f--====f------f------- @ 16-Mar-17 0.00
; | | | | 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 ]
0 —=----- r———-—-- T--"==- T C T™TTo ) it A S
— - 1 1 1 1 1 1 1
1 1 1 1 1 1 1
N i i i i i i
E - 1 1 1 1 1 1 1
=3 - 1 1 1 1 1 1 1
é D—--98—a —@g— &4 8 | o o8| —o---
3 - | | | | ! | |
3 ! ! ! ! : ! !
i - 1 1 1 1 1 1 1
o - 1 1 1 1 1 1 1
L el S e e S S
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
'“-“Z_T'I'T'I'F'I'FT“I'i"I'I’T'I’T"I'F'I'I’T"I_T'I'I"i'I'T"I_F_i'I'T‘I'T'i'I'T'I'F'I
-5 0 5 10 15 20 25 30 a5
Temperature (Degrees C)
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

(425) 643-0954
== e seabird.com Email: seabird@seabird.com

s B E Sea-Bird Electronics, Inc. hone: (425} 6435865
_ 13431 NE 20" St. Bellevue, Washington 98005 USA  Fax:
Pressure Test Certificate

Test Date: 040416 Description: SBE-3 Temperature Sensor

Sensor Information:
Model Number: 03

Serial Number: 5977

Pressure Test Protocol:
Low Pressure Test: 40 P35l Held For: 15 Minutes

High Pressure Test: 10000 PSl Held For: 15 Minutas

Passed Test: Yes

Tested By: nd High pressure is
generally equal
to the maximum
depth rating of
the instrument

Prassura

Time

Typical Test Profile
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Data Report NBP18-01 RVIB Nathaniel B. Palmer

Temperature (Secondary)

Sea-Bird Electronics, Inc.

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

SENSOR SERIAL HNUMBER: 6118 SBE 3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 168-Mar-17 ITS-80 TEMPERATURE SCALE
COEFFICIENTS:

g = 4.33861901e-003
h = E.38134987e-004
1 = 2.29355641e-005
] = 2.0982B266e-006
fo - 1000.0

BATH TEMP INSTRUMENT INST TEMP RESIDUAL
rc QUTPUT (Hz) =€} *c)
-1.5000 2907.058 -1.5000 -0.00001

1.0000 3075.658 1.0000 0.o0o0002
4.5000 3323 .493 4.5000 0.00001
a.0000 3585.452 7.993% -0.000058
11.5000 3BE1. 945 11.5000 0.00001
15. 0000 4153345 15. 0000 o.0o0002
18.5000 4460.028 18.5000 o.ooo0o2
22,0000 4782 .360 22,0000 0.00001
25. 5000 5E120.691 25 5000 -0.00002
29,0000 S5475.364 29,0000 -0.00003
32.4933 EB46.702 32.43939 0.000032

f= Instrument Cutpur (Hz)
Temperature ITS-80 (°C) = 1'{g + h[in(f0 / £3] + i{in (5 / £] + j[n (0 7 £]} - 273.15

Fesidual (FC) = instrument temperatune - bath temperatone
Date, Offset (mdeg C)

0.02—------ Fo-—=-- po--—-- T------ T-—---- f--====f------f------- @ 16-Mar-17 0.00
; | | | | 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 ]
0 —=----- r———-—-- T--"==- T C T™TTo ) it A S
— - 1 1 1 1 1 1 1
1 1 1 1 1 1 1
N i i i i i i
E - 1 1 1 1 1 1 1
=3 - 1 1 1 1 1 1 1
é n————-.—:n—-:—-q—:—c—*—cl—.—:q—.:—.——-
3 - | | | | ! | |
3 ! ! ! ! : ! !
i - 1 1 1 1 1 1 1
o - 1 1 1 1 1 1 1
L el S e e S S
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- 1 1 1 1 1 1 1
_ 1 1 1 1 1 1 1
1 1 1 1 1 1 1
- 1 1 1 1 1 1 1
1 1 1 1 1 1 1
'“-“Z_T'I'T'I'F'I'FT“I'i"I'I’T'I’T"I'F'I'I’T"I_T'I'I"i'I'T"I_F_i'I'T‘I'T'i'I'T'I'F'I
-5 0 5 10 15 20 25 30 a5
Temperature (Degrees C)
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