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Introduction

The NBP data acquisition systems continuously log data from several instruments throughout the cruise.
This document describes the format of that data and its location on the distribution media. It also
contains important information which may affect how this data is processed such as instrument failures or
other known problems with acquisition.

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

The data is contained in a Unix tar archives (.tar extension). All of the data has been compressed using
Unix “gzip” compression. Gzipped files have a “.gz” extension. Tools are available on all platforms for
uncompressing and de-archiving these formats. On Macintosh, Stuffit Expander with DropStuff will open
a tar archive and uncompress gzipped and Unix compressed files. For Windows, WinZip, a shareware
utility included on this CD (remember, it is shareware) will open these files.

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



Archive Data Extraction

It is often useful to know exactly how an archive was produced when expanding its contents. The tar files
on the CD were created on an SGI using the following commands:

tar cvLf archive-file files-to-be—-archived

To create a list of the files in the archive:

tar tvf archive-file > contents.list

To extract the files from the archive:

tar xvf archive-file file(s)-to-extract

G-zipped files will have a “.gz” extension on the filename. These files can be decompressed after de-

archiving, using:

gunzip filename.gz

The directories in the archive are structured in the following manner:

adcp/
pingdata files
config files
ctd/9909ctd.tar
geopdata/
JGOF/<cruise_id>jg.tar
PROC/<cruise_id>min.tar
<cruise_id>sec.tar
<cruise_id>mgd.tar
<cruise_id>.tar
ocean/<cruise_id>pCO.,.tar
imagery/TeraScan satellite images
NBP0104s.ps
NBP0104.ps

NBPO0104.trk

NBP0104.mgd

NBP0104.gmt

rvdas/nav/<cruise_id>3df1.tar
<cruise_id>adcp.tar
<cruise_id>gyr1.tar
<cruise_id>ngl1.tar
<cruise_id>PCOD.tar

uw/<cruise_id>bat1.tar

<cruise_id>flr1.tar
<cruise_id>met1.tar
<cruise_id>oxyg.tar
<cruise_id>p4co2.tar
<cruise_id>sim1.tar
<cruise_id>tsg1.tar

TSGcal

xbt/xbt files



Distribution Contents

ADCP

ADCP data during this cruise included additional data files that are not normally collected by this system.
The additional size of these files necessitated distribution of the ADCP data on a separate CD set.
Please refer to that CD data set.

CTD

The ctd data and report have been placed in the tar file 0104ctd.tar, which contains the flowing structure:
ctd.list (list of all ctd stations) report/section/ (section plots)

ctdsetup/ (batch files, cfg & con files) casts/ (plots of individual casts)

data/ (raw datafiles) text/ (ctd data report)

plots/ (up & down trace postscript plots) seacat/ (data structure for SeaCat ctd)

seasoft4.234/ (application for processing ctd data)

Individual CTD casts are represented by a set of four files containing a bottle-firing file (.bl), a
configuration file (.con), a data file (.dat) and a header file (.hdr). Casts are numbered according to the
cruise id number (0104) followed by the number of the cast. For example; the raw files associated with
the third cast on this cruise are: 0104003.bl, 0104003.con, 0104003.dat, 0104003.hdr. The raw and
processed data files are in binary format. The 1 db bin averaged up and down traces have been
converted to ascii (.asc files).

SeaBird’s SeaSoft software used to acquire the data is included in the CTD data distribution in the
“Seasoft” directory. SeaSoft is a DOS-based software package, but can be run in a DOS window under
the Windows9X operating systems for cast playback and data analysis. The software package used to
process this data (version 4.234) is included on this CD in the directory Seasoft. The configuration files
and processing scripts (written by Suzanne O’Hara for the standard processing of the SBE 9/11plus) are
also included in the Seasoft directory under in the ctdsetup directory. The directory report contains the
CTD data report with folder for all plots produced during the cruise. The directory seacat gas a structure
similar to the ctd directory and contains the data from the SeaCat CTD unit.

File extension definitions:

EXT Description

ASC The data portion of a .CNV converted data file written in ASCIl by ASCIIOUT, or files written by
TERM37.

BL Created by SEASAVE when a bottle fire confirmation is received. Contains bottle sequence
number, position, date, time, beginning and ending scan numbers.

BTL Created by ROSSUM. This is a summary of the data in a .ROS file.

BSR Bottle scan range file, used by DATCNV to create a .ROS file.

CFG Used by SEASOFT modules to store the input filename, input data path, output data path, and
other miscellaneous module specific parameters.

CTR Density contour file generated by CONTOUR.

CNV ‘Converted’ engineering unit data file. An ASCII header precedes the data.

CON Contains instrument configuration and calibration coefficients, used by SEACON, SEASAVE,
and DATCNV

DAT Raw binary data, optionally with header information (SBE 9/11, 11X, 9/11plus, and data files
created with previous versions of SEASOFT).

DSP Used by SEASAVE to store data acquisition and display parameters.

HDR R. Header portion of a .CNV converted data file written by ASCIIOUT.
2) Header recorded when acquiring real time data or uploading archived data.

HEX Raw HEX data with header information (SBE 16, 17, 19, 21, and 25)

MRK Marker file created by SEASAVE during real time data acquisition.

PLT Used by SEAPLOT to store display parameters

ROS Scans marked with the bottle fire confirmation bit, or defined by a .BSR file, written by DATCNV.




*Note: This is a complete list of all file extensions. This data set may not contain ALL of the above
extension files.

SEASOFT modules search the current directory for DSP, PLT, and CFG files. SEASOFT modules
search the ‘input data path’ for CON, HEX, DAT, and CNV files. One exception is SEACON which
searches the current directory for CON files.

For more information and updated software visit the web site at www.seabird.com; or contact (206) 643-
9866, seabird@seabird.com, Sea-Bird Electronics 1808 — 136™ Place NE Bellevue, WA 98005

Cruise Tracks
/plots

PostScript cruise track and station plots have been produced for this cruise:

* Cast locations: 0104casts.ps

* Tow Locations: 0104tows.ps

e Cruise Track: 0104trk.ps

* Letter size, all stations: 0104all.ps

e Letter Size, bathymetry: bathsmall.ps
* Poster size, all stations: posterall.ps
* Poster size, bathymetry: posterbat.ps

GUv

All files are placed in two zip-archives named puv.zip and guv.zip. The contents of the archives are in the
files puvlst.txt and guvlst.txt respectively. GUV data was acquired continuously from the instrument
mounted on the top of the science mast until the end of data collection fo rthe cruise. PUV data consists
of a single cast on most days. A copy of the PUV/GUV calibration file used for Biospherical Instruments’
PUV500 acquisition software is included in the puvguv directory on CD1 as calibr8.puv.

The PUYV files were converted to CSV (Comma Separated Value) format using the Biospherical
Instruments’ PUVLOG program. Similarly, the GUV files were converted to CSV format using the
Biospherical Instruments’ PUVPROF program. For additional information on the PUV/GUV data collected
during NBP9901, contact:

Dr. Chris Fritzen, at cfritsen@dri.edu cfritsen@dri.edu or at: University and Community College System
of Nevada, Desert Research Institute, Biological Sciences Center, 7010 Dandini Blvd, Reno, NV 89512,
USA (715) 673-7487.

The columnar format of the CSV file is listed below:

Field PUV Data Field GUV Data
1 Depth 1 Depth
2 308 U 2 306 U
3 320U 3 320U
4 Temp U 4 Temp U
5 MATFL 5 MATFL
6 340U 6 340U
7 380 U 7 380 U
8 PAR U 8 PAR U
9 Temp U 9 Temp S
10 308 S 10 300 S
11 Batt S 11 Batt S
12 320 12 320 S
13 340 13 340 S
14 380 14 380 S
15 Gnd 15 Gnd S
16 PAR 16 PAR S
17 K308

18 K320




19 K340
20 K380
21 Kpar
22 Chl

23 Prod

Satellite Images
/imagery

Satellite Images processed for this cruise were organized into three folders cwifs, ice and wx for the
different types of TeraScan products. Files were named in the following convention:

IDJJJYYA.jpg where:

ID = imge type (is = ice ssmi, iv = ice visible, cw = seawifs, wx = weather)
JJJ = Julian day

YY =year

A = used to allow for multiple images of type for that day

Science Report
/reports

The daily science reports in html format.

NBP Data Products: MGD77 & JGOFS

NBP0104.mgd
NBP0104.gmt
/geopdata/0104jgof.tar
/geopdata/0104mgd.tar

Two data products are created on each cruise of the NBP: JGOFS and MGD77. Also, included in the PROC
directory are interim process files of some of the data. These are useful if it is necessary to reporcess the data
through the RVDAS daily processing routines.

JGOFS

The JGOFS data set consists of a single file produced each day named jgDDD.dat.gz where DDD is the Julian day
the data was acquired. The “.gz” extension indicates that the individual files are compressed before archiving. The
daily file consists of 20 separate columnar fields in text format, which are described below. The JGOFS data set is
obtained primarily by applying calibrations to raw data and decimating to whole minute intervals. However, several
fields are derived measurements from more than a single raw input. For example, Course Made Good (CMG) and
Speed Over Ground (SOG) are calculated from gyro and GPS inputs by the NGL software package. Similarly, the
wind direction field is the vector sum of the separate X and Y inputs received from the wind instrument. The JGOFS
data set was used to produce the daily data plots during the cruise. Note: Null, unused, or unknown fields are filled
with 9’s in the JGOFS data. TSG data is processed by RVDAS.

Field Data Units

01 GMT date dd/mm/yy

02 GMT time hh:mm:ss

03 NGL latitude (negative is South) dd.dddd

04 NGL longitude (negative is West) ddd.dddd

05 Speed over ground Knots

06 GPS HDOP -

07 Gyro Heading Degrees (azimuth)
08 Course made good Degrees (azimuth)
09 mast PAR uEinsteins/meters? sec
10 sea surface temperature °C




Field Data Units

11 sea surface conductivity siemens/meter
12 sea surface salinity PSU

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

14 true wind speed (port windbird) meters/sec

15 true wind direction (port windbird) degrees (azimuth)
16 Ambient air temperature °C

17 Relative humidity Y%

18 Barometric pressure mBars

19 sea surface fluorometry volts (0-5 FSQO)
20 not used -

21 PSP W/m?

22 PIR W/m?
MGD77

The MGD77 data set is contained in a single file for the entire cruise named NBP0104.mgd, There is also
a file named NBP0104.gmt. This file is the output of the mgd77togmt utility using NBP0104.mgd as input.
The “gmt” file can be useful for plotting data using the GMT plotting package. The directory
/geopdata/PROC contains a file from each day of data acquisition named: Dddd.fnl.gz, where ddd is the
Julian day. These files contain all the data used to produce the “mgd” file, but in a space-delimited
columnar format that may be more accessible for some purposes. In addition, these files 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.

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

Col Len Type Description

1 1 int DATA RECORD TYPE Set to “3” for data record.

2-9 8 char SURVEY IDENTIFIER

10-14 5 int TIME-ZONE CORRECTION: In hundredths of hours. Corrects time (in
characters 13-27) to GMT when added: equals zero when time is GMT.

15-16 2 int YEAR 2 digit year

17-18 2 int MONTH (e.g. May is represented as 05)

19-20 2 int DAY Day of month

21-22 2 int HOUR

23-27 5 real MINUTES X 1000

28-35 8 real LATITUDE X 100000 + = North; - = South. (-9000000 to 9000000)

36-44 9 real LONGITUDE X 100000 + = East; - = West. (—18000000 to 18000000)

45 1 int POSITION TYPE CODE: 1=0bserved fix; 3=Interpolated; 9=Unspecified

46-51 6 real BATHYMETRY, 2- WAY TRAVELTIME: In 10,000th of seconds. Corrected
for transducer depth and other such corrections

52-57 6 real BATHYMETRY, CORRECTED DEPTH: In tenths of meters.

58-59 2 int BATHYMETRIC CORRECTION CODE: This code details the procedure
used for determining the sound velocity correction to depth

60 1 int BATHYMETRIC TYPE CODE: 1 = Observed; 3 = Interpolated (Header Seq.
12); 9 = Unspecified

61-66 6 real MAGNETICS TOTAL FIELD, 1°T SENSOR: In tenths of nanoteslas
(gammas).

67-72 6 real MAGNETICS TOTAL FIELD, 2"° SENSOR: In tenths of nanoteslas
(gammas). For trailing 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




Col Len Type Description
1 = 1% or leading sensor; 2 = 2™ or trailing sensor; 9 = Unspecified

80-84 5 real MAGNETICS DIURNAL CORRECTION: In tenths of nanoteslas (gammas).
(In nanoteslas) if 9-filled (i.e., set to “+9999”), total and residual fields are
assumed to be uncorrected; if used, total and residuals are assumed to
have been already corrected.

85-90 6 F6.0 DEPTH OR ALTITUDE OF MAGNETICS SENSOR: In meters. + = Below
sea level 3 = Above sea level

91-9 7 real OBSERVED GRAVITY: In 10" of mgals. Corrected for Eotvos, drift, tares.

98-10 6 real EOTVOS CORRECTION: In tenths of mgals.
E = 7.5V cos phi sin alpha + 0.0042 V*V

104-108 5 real FREE-AIR ANOMALY In tenths of milligals
Free-air Anomaly = G(observed) — G(theoretical)

109-113 5 char  SEISMIC LINE NUMBER: Used for cross-referencing with seismic data.

114-119 6 char SEISMIC SHOT-POINT NUMBER

120 1 int QUALITY CODE FOR NAVIGATION: 5=Suspected, by the originating
institution;6=Suspected, by the data center, 9=No identifiable problem found

RVDAS

/rvdas/uw

/rvdas/nav

RVDAS (Research Vessel Data Acquisition System) was developed at Lamont-Doherty Earth
Observatory of Columbia University and has been used on the R/V Maurice Ewing for several years. It
was adapted for use on the Nathaniel B. Palmer and her sister ship, the R/V Laurence M. Gould.

Daily data processing of the RVDAS data is performed to convert values into uasable units and as a
check of the proper operation of the DAS. Both the raw and processed data sets from RVDAS are
included in the data distribution. Below you will find detailed information on the data included. Be sure to
read the “Significant Acquisition Events” section below for important information about data acquisition

during this cruise.

Meteorological and Light Data

Measurement File ID Collect. Status | Rate Instrument

Air Temperature met1 continuous 1 sec R. M. young 41372LC/LF
Relative Humidity met1 continuous 1 sec

Wind Speed/Direction met1 continuous 1 sec R.M. Young 05106
Barometer bar1 continuous 1 sec R.M. Young 61201

PIR (LW radiation) met1 continuous 1 sec Eppley PIR

PSP (SW radiation) met1 continuous 1 sec Eppley PSP

PAR met1 continuous 1sec BSI QSR-240

Guv continuous BSI PUV-511A
Navigational Data

Measurement File ID Collect. Status | Rate Instrument

Attitude GPS 3df1 continuous 1 sec Ashtec 12

P-Code GPS PCOD continuous 1 sec Trimble 20636-00SM
Gyro gyri continuous 0.2 sec Yokogawa Gyro

NGL ngl1 continuous 1 sec NGL Processed Nav Data
Geophysical Data

Measurement File ID Collect. Status | Rate Instrument

Gravimeter grvi continuous 10 sec Lacoste & Romberg Gravity
Magnetometer mag1 not collected 15 sec EG&G G-866
Bathymetry bat1 continuous Varies ODEC Bathy 2000
Bathymetry sim1 depth <2500 m | Varies Simrad EK200 Sonar




| Bathymetry | knu1 | not collected | varies | Knudsen
Oceanographic Data
Measurement File ID Collect. Status | Rate Instrument
Conductivty tsg1 continuous 6 sec SeaBird 21
Salinity tsgfl continuous 6 sec calculated PSS78
Sea Surf. Temperature | tsgi continuous 6 sec SeaBird 3-01/S
Fluorometry flr1 & tsg1 | continuous 6 sec Turner 10-AU-005
Transmissometry tsg1 continuous 6 sec WET Lab C-Star
pCO, pco2 continuous 70 sec
ADCP adcp continuous varies RD Instruments

Data File Names and Structures

RVDAS data is divided into two broad categories, Underway and Navigation. The groups are
abbreviated “uw” and “nav”. These two subdirectories exist under the top-level rvdas directory. The

instruments are broken down as shown. Each data file is gzipped to save space on the distribution. Not

all data types are collected every day or on every cruise.
RVDAS data files are named following the convention: NBP[CruiselD][File|D].dDDD.

e The CruiselD is the numeric name of the cruise, for example: NBP0104.

e The FilelD (aka Channel ID) is a 4-character code representing the system being logged, for
example: met1 (for meteorology)

* DDD is the year day of the data collection

Underway Data Channel ID Navigation Data Channel ID
Barometer bar1 Ashtech GPS 3df1
Bathy 2000 bat1 Trimble GPS (P-Code) PCOD
Fluorometer flr1 Gyro Compass gyri
Gravimeter grvi Furuno GPS gp02
Magnetometer mag1 NGL ngl1
Meteorological met1 ADCP course adcp
Simrad sim1

Thermosalinograph tsg1

PCO, pco2

Knudsen knud

Data is received by the RVDAS system via RS-232 serial connections. The data files that comprise the
rvdas data set are described below. A time tag is added to each line of data received and the data is

written to disk.

YY+DDD:HH:MM:SS.SSS

Where, YY: two-digit year, DDD: Julian Day, HH: 2 digit hours, MM: 2 digit minutes SS.SSS: seconds. All

times are UTC.

[data stream from instrument]

The delimters used to separate fields in the raw data files are usually spaces and commas, but other
delimiters are used (::, =, @) and occasionally there is no delimiter. Care should be taken when
reprocessing the data that the field’s separations are clearly understood. An example data

bat1

00+019:23:59:53.901
MO4 SB3 POO TX1 TR: GM5

;104485.3ME-23.0,100000.0,-99.9,

1500 06.7 -72.1

0000@01/11/00,23:59:52.08 PW2 PF1 SF1 PL3

Field |Data Units
1 RVDAS Time Tag

2 Flagged Low Freq. Chn. Depth w/ units ;FDDDDD.DUN F=V valid, | invalid meters
3 Low Freq. Echo Strength EEE.EE dB




Field |Data Units
4 Flagged High Freq. Chn. Depth — unused
5 High Freq. Echo Strength — unused
6 Signed Heave Data SHHHH cm
7 Date mm/dd/yy
8 Time hh:mm:ss
9 transmit pulse window type: PW1 Rectangular, PW2 Hamming, PW3 Cosine, PW4
Blackman
10 Primary transmit frequency PF1 3.5 kHz, PF2 12.0 kHz
11 Parametric mode secondary freq. SF1 3.5 kHz, SF2 12.0 kHz
12 pulse length: PL1 200usec, PL2 500usec, PL3 1msec, PL4 2msec, PL5 5msec, PL6
10msec, PL7 25msec. If transmit mode is FM: PL1 25msec, PL2 50msec, PL3 100msec.
13 Operating Mode: MO1 CW parametric, MO2 CW, MO3 FM parametric, MO4 FM
14 Frequency sweep bandwidth: SB1 1 kHz, SB2 2 kHz, SB3 5 kHz
15 power level: PO1 0dB, PO2 -6dB, PO3 -12dB, PO4 -18dB, PO5 -24dB, PO6 -30dB, PO6 -
30 dB, PO7 -36dB, PO8 -42dB
16 Transmit Mode: TX1 single ping active, TX2 pinger listen, TX3 multipinging TR, TX4
multipinging TR, TX5 multipinging TTRR, TX6 mulitpinging TTTTRRRR, TX7
mulitpinging TTTTTRRRRR
17 Transmit Rate: TR3 4Hz, TR4 2Hz, TR5 1Hz, TR6 .5Hz, TR7 .33Hz, TR8 .25Hz, TR9
.20Hz, TR: = .10Hz, TR; = .05Hz
18 System Gain Mode: GMO hydrographic AGC, GM1 to GM9 hydrographic +3db to + 27db
manual. GMA to GMD hydrographic + 30db through + 60db manual, GME to GMK sub-
bottom 1 through sub-bottom 7
19 speed of sound m/sec
20 depth of sonar window below sea-level meters
21 background noise level in fixed point reference dB/V
flr1
00+019:23:59:58.061 0 0818 :: 1/19/00 17:23:17 = 0.983 (RAW) 1.2 (C)
Field |Data Units
1 RVDAS Time Tag
2 marker 0 to 8
3 4-digit index
4 date mm/dd/yy
5 time hh:mm:ss
6 signal
7 signal units of measurement
8 cell temperature
9 temperature units
grvi
99+099:00:18:19.775 your line#1999 99 01818 9735.4
Field |Data Units Conversion
1 RVDAS Time Tag
2 text string
3 gravity device date yyyyijjhhmmss
3 gravity count count mgal = count x 1.0047 + offset
knud
99+099:00:18:19.775 hf,305.2,1f,304.3
Field |Data Units
1 RVDAS Time Tag
2 hf — high frequency flag (12 kHz)
3 high fequency depth meters




Field |Data Units

4 If — low frequency flag (3.5 kHz)

5 low frequency depth meters

mag1

99+099:00:00:23.203 % 0 98 235928 02372453

Field |Data Units
1 RVDAS Time Tag

2 % 0 denotes G-866 magnetometer

3 Julian Day

4 Time

5 07 denotes high noise condition

6 Magnetic Data (last digit is 10"™’s place) nT
met1

00+019:23:59:59.761 $MET: 0.84, 1.12, 0.76, 1.06, 4.98, 0.26, 1.49, 3.93, 8.94, 0.80, 0.01,
0.01, 0.01, 0.22, 0.02, 0.1,40.11,4.96

Field |Data Units |Conversion

1 RVDAS Time Tag

2 Port windbird Speed (relative) m/s

3 Port windbird Direction (relative) deg

4 Port windbird standard deviation deg

5 Starboard windbird Speed (relative) m/s

6 Starboard windbird Direction (relative) deg

7 Starboard windbird standard deviation deg

8 Barometer mBar

9 Air Temperature °C

10 Relative Humidity Y%

11 PSP (short wave radiation) mV see calc. section

12 PIR (long wave radiation) mV  |see calc. section

13 PAR (photosyntheticly available radiation) mV__ |see calc section

pCO,

00+021:23:59:43.190 2000021.9992 2382.4 984.2 30.73 50.8 345.9 334.1 -1.70 -68.046 -144.446 Equil
Field |Data Units

1 RVDAS Time Tag

2 pCO, Time Tag (decimal is time of day) yyyjdd.fod
3 raw voltage mV

4 barometer mBar

5 cell temperature °C

6 flow rate cm®/min
7 concentration ppm

8 pCO, pressure microAtm
9 Equilibrated temperature °C

10 Latitude degrees
11 Longitude degrees
12 Flow Source (Equil = pCO, measurement)

sim1

00+005:00:00:52.388 D1,23583509,1479.6, 17, 1, O

Field |Data Units

1 RVDAS Time Tag

2 Header

3 Time Tag hhmmss.sss




Field |Data Units
4 Depth m

5 bottom surface backscattering strength dBar
6 Transducer number (1 =38 kHz)

7

stci

004019:23:59:46.976 ##ryyyydddhhmmssuuuuuuSSCC
00+347:00:00:05.013 ##BFFFF3470000049568311529

Field |Data Units
1 RVDAS Time Tag

2 r is the input time code "B" for IRIG-B

3 yyyy is the year (FFFF if IRIG input)

4 ddd is the 3 digit day of the year

5 hh is 2 digit hour of day

6 mm is 2 digit minute of hour

7 ss is 2 digit second of minute

8 uuuuuu is 6 digits for microseconds digits

9 SS is 2 hex character DP-Extd_Sts dual port RAM value

10 CC is checksum

svp1

00+348:01:59:52.128 1539.40

Field |Data Units
1 RVDAS Time Tag

2 Sound velocity m/s
syni

00+120:10:46:30.665 *GCS900228 005 811.00001E00/04/29:10:45:5311060600000000403000~
0.050.023 00000000-00101APIN 000156498-0100002AP1N 00016350100100003AP1N 000162497-0200004AP1N
00015850000000005AP1N 00015550100100006AP1N 000157500000000

Field |Data Units
1 RVDAS Time Tag

2 String tag

3 Number of bytes

4 Line number

5 Shotpoint number

tsg1

004019:23:59:46.976 15A16CFC163F8C2C100

Field |Data Units
1 RVDAS Time Tag

2 Seabird Hex string (see notes on converting to real units)

3df1

PBEN: Measurement Data

00+019:23:59:57.054 $PASHR, PBN, 345609.00,-1695527.0,-1569301.4,-5925126.0,-068:49.6968, -
137:12.8448,00047.7,-000.69,000.67,-000.51,08,2222,02,01,02,01%32

Field |Data Units

1 RVDAS Time Tag $PASHR

2 PBN

3 GPS Time sec. of the week seconds
4 Station Postion: ECEF X meters
5 Station Postion: ECEF Y meters




Field |Data Units

6 Station Postion: ECEF Z meters
7 Latitude (- = South ) deg:min
8 Longitude (- = West) deg:min
9 Altitude meters
10 Velocity in ECEF X m/sec
11 Velocity in ECEF Y m/sec
12 Velofity in ECEF Z m/sec
13 Number of satellites used

14 Site name

15 PDOP

16 HDOP

17 VDOP

18 TDOP

ATTD: Attitude Data

00+019:23:59:57.854 $PASHR,ATT,345610.0,252.82,+000.52,+001.95,0.0011,0.0068,0

Field |Data Units

1 RVDAS Time Tag $PASHR

2 ATT

3 GPS Time sec. of the week seconds
4 Heading (rel. to true North) degrees
5 Pitch degrees
6 Roll degrees
7 Measuremnet RMS error meters
8 Baseline RMS error meters
9 Attitude reset flag

GGA: GPS Position Fix — Geoid/Ellipsoid
00+019:23:59:57.134 SGPGGA,235956.00,6849.6968,S,13712.8448,W,1,08,01.0,+00048,M, ,M,,

Field |Data Units

1 RVDAS Time Tag $GPGGA

2 UTC time at position hhmmess.ss
3 Latitude ddmm.mmm
4 North (N) or South (S)

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

7 GPS quality (1=GPS 2=DGPS)

8 Number of GPS satellites used

9 HDOP

10 Antenna Height meters

11 M for Meters

12 Geoidal height meters

13 M for meters

14 Age of diff. GPS data

15 Differential reference station 1D

gyri

00+019:23:59:59.952 $HEHRC25034,-020*%73

Field |Data Units

1 RVDAS Time Tag

2 $HEHRC

3 Heading XXXXX = ddd.dd degrees

4 Rate of Change SYYY S =+/-, YYY =r.1r




Field |Data Units

5 Checksum

ngli

00+019:23:59:59.857 -68.82822,-137.21416,1.10,279.27,251.10,0.00,0.00,0,18.2587,1,1146973
Field |Data Units

1 RVDAS Time Tag

2 Latitude (south is negative) degrees
3 Longitude (west is negative) degrees
4 Ship Speed knots

5 Course made good degrees
6 Gyro Heading degrees
7 PDOP

8 HDOP

9 Quality

10 GPS up

11 Fix Number

PCOD
GGA: GPS Position Fix — Geoid/Ellipsoid

00+019:23:59:59.301 $GPGGA,235958.409,6849.6944,5,13712.8472,W,1,06,1.2,092.4,M,047.3,M,,*67

Field |Data Units

1 RVDAS Time Tag

2 $GPGGA

3 UTC time at position hhmmss.sss
4 Latitude ddmm.mmm
5 North (N) or South (S)

6 Longitude ddmm.mmm
7 East (E) or West (W)

8 GPS quality (1=GPS 2=DGPS 3=P-CODE)

9 Number of GPS satellites used

10 HDOP

11 Antenna Height meters

12 M for Meters

13 Geoidal height meters

14 M for meters

15 Age of diff. GPS data

16 Differential reference station ID

17 Checksum

GLL: GPS Latitude/Longitude

00+019:23:59:59.381 $GPGLL, 6849.6944,5,13712.8472,W,235958.409,A%35

Field |Data Units

1 RVDAS Time Tag

2 $GPGLL

3 Latitude degrees

4 North or South

5 Longitude degrees

6 East or West

7 UTC of position hhmmss.sss
8 Staus of data (A = valid)

9 Checksum

VTG: GPS Track and Ground Speed




00+019:23:59:59.382 $GPVTG,238.7,T,182.3,M,001.8,N,003.3,K*41

Field |Data Units

RVDAS Time Tag

$GPVTG

Heading degrees

Degrees True (T)

Heading degrees

Degrees magnetic (M)

Ship speed knots

XN || [WIN|—

N = knots

©

Speed km/hr

10 K = km per hour

11 Checksum

adcp

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

Field |Data Units

1 RVDAS Time Tag

2 $PUHAW

3 UVH (E-W, N-S, Heading)

4 Ship Speed relative to reference layer, East vector kn

5 Ship Speed relative to reference layer, North vector kn

6 Ship heading degrres

Ocean Data Files
ocean/

pCO2-merged

00+346:23:58:20.672 2000346.9991 2398.4 1008.4 0.01 45.4 350.3 342.6 15.77 Equil -43.6826
173.1997 15.51 33.90 0.33 5.28 9.05 1007.57 40.0 14.87 182.44

Field |Data Units

1 RVDAS Time Tag

2 PCO, Time Tag (decimal is time of day) yyyjdd.fod
3 raw voltage mV

4 Barometer mB

5 cell temperature °C

6 flow rate cm®/min
7 Concentration ppm

8 PCO, pressure microAtm
9 Equilibrated temperature °C

10 Flow Source (Equil = pCO, measurement)

11 RVDAS latitude degrees
12 RVDAS longitude degrees
13 TSG external temperature °C

14 TSG salinity PSU

15 TSG fluorometry V

16 RVDAS true wind speed m/s

17 RVDAS true wind direction degrees
18 Barometric Pressure Mbars
19 Uncontaminated seawater pump flow rate I/min

20 Speed over ground Knots
21 Course made good Degrees




tsgfl

00+075:00:00:04.467 -01.488 -01.720 02.6783 33.63748 1.002442 0.002442

Field |Data Units

1 RVDAS Time Tag

2 Internal water temperature °C

3 Sea Surface Temperature °C

4 Conductivity uSiemens
5 Salinity PSU

6 Fluorometry V

7 Transmissometer \'

xbt

0104xbt.tar

During the cruise Expendable Bathythermographs were used to obtain water column temperature
profiles. These were used to adjust the sound velocity profile for the SeaBeam system. The data files
from these launches are included.



Calculations

TSG

Raw TSG data is stored as a 20 byte (character) long hex string
Bytes Data

1-4 Sensor Temperature

5-8 Conductivity

9-14 Remote Temperature

15-17 Fluorometer voltage

18-20 Transmissometer voltage

The coefficients for temperature and conductivity sensors can be found in the calibrations section..

Calculating Temperature — ITS-90
T = decimal equivalent of bytes 1-4
Temperature Frequency: £ = T/19 +2100
Temperature = 1/{g + h[In(fo/£)] + 1[In’(f,/£)] + J[In’(£,/£)]1} - 273.15 (°C)

Calculating Conductivity — ITS-90
C = decimal equivalent of bytes 5-8
Conductivity Frequency f = sqrt (C*2100+6250000)
Conductivity = (g + hf® + if® + J£%) /[10(1 + 8t + ep)] (siemens/meter)
t = temperature (°C); p = pressure (decibars); & = Ctcor; &€ = CPcor

Calculating Fluorometry Voltage
f = decimal equivalent of bytes 15-17
Fluorometry Voltage = £/819

Calculating Transmittance
Vgarxk = 0.058 V

Vref = 4.765 V

t = decimal equivalent of bytes 18 - 20

Transmissometer Voltage (Vgigna1) = t/819

% Transmittance = (vsignal - Vdark) / (vref - Vdark)
PAR

raw data = mV

calibration scale = 6.08 V/(uEinstiens/cm “sec)

offset (Vgarx) = 0.3 mV

(raw mV - Vg..) /scale x 10* cm?/m? x 107° V/mV= uEinstiens/m’sec

or

(data mvV - 0.3 mV) x 1.65 (uEinstiens/m?sec)/mV = uEinstiens/m?sec
PIR

raw data = mV

calibration scale = 4.13 x 10°° V/(W/m?)
data mV / (scale x 10° mv/V ) = W/m?

or

data mV x 242.1(W/m?)/mV = W/m?

PSP
raw data = mV
calibration scale = 8.28 x 10°° V/(W/m?)
data mV / (scale x 10° mv/V) = W/m?
or

data mV x 120.7 (W/m?)/V = W/m?



NBP0104 Sensors

Shipboard Sensors

Sensor Description Serial # Cal. Date | Status
Port Anemometer RM Young 5106 WM46262 4/11/01 collect
Stbd Anemometer RM Young 5106 WM46263 4/11/01 collect
Barometer RM Young 61201 01705 collect
Air Temp/Rel. Hum. RM Young 41372LC 06134
Mast PRR BSI PRR-610 not collect
UW PRR BSI PRR-600 not collect
Mast PAR BSI QSR-240 6356 2/15/01 collect
Pyranometer Eppley PSP 33090F3 11/7/00 collect
Pyrgeometer Eppley PIR 32845F3 2/22/01 collect
P-Code GPS Trimble 20636-00 (SM) PCD/CIV
Attitude GPS Ashtech 12 700273F2114 collect
FW 7B13-D1-
C21

TSG SeaBird SBE21 214857-0857 | 2/7/01 collect
TSG Remote Temp SeaBird 3-01/S 032593 1/3/01 collect
Fluorometer Turner 10-AU-005 Lamp: daylight 5651 FRTD collect

10-045; ref. filter: 10-052, em. filter:

10-051, ex. filter: 10-050
Transmissometer WET Labs C-Star CST-422PR 1/2/01 collect
Magnetometer EG&G G-866 not collect
Gravimeter Lacoste & Romberg Gravity Meter collect
Bathymetry Simrad EK500 3001 11/1/95 collect
Bathymetry Bathy 2000 collect
NBP0104 CTD Sensors:
Sensor Description Serial Number Cal. Date
CTD Fish SeaBird model SBE 9+ 94857-0232
Pressure Sensor Digiquartz 410K-105 43528 2/13/01
CTD Deck Unit SeaBird model SBE 11+ 11P7536-0317
Primary Temperature Sen SeaBird model 3plus 6800m 03P2168 8/20/99
Secondary Temperature Sensor SeaBird model 3plus 03P2186 7/20/00
Primary Conductivity Sensor SeaBird model 4-02/0 041143 9/19/00
Secondary Conductivity Sensor SeaBird model 4C 040924
Dissolved Oxygen Sensor SeaBird model 13-02-B 130295 7/21/00
Fluorometer Chelsea model Mk Il Aquatracka | 088080 7/16/01
NBP0104 MOCNESS Sensors:
Sensor Description Serial Number Cal. Date
1 m> MOCNESS
Conductivity Sea-Bird 4C 42067 2/13/01
MOC. Electronics/Press. Sensor B.E.S.S. 16Bit 0148 2/24/01
Optical Plankton Counter Focal Technologies OPC-1T TOWO031 8/1/967
Temperature Sea-Bird 3+ 3P2438 2/14/01
Transmissometer WET Labs C-Star CST-439DR 2/28/01
Fluorometer WET Labs AFL AFL-016D 2/21/01
10 m®> MOCNESS
MOC. Electronics/Press. Sensor B.E.S.S. 16Bit 0149 2/24/01
Conductivity Sea-Bird 4C 6800m 41852 2/13/01
Temperature Sea-Bird 3plus 6800m 03P2308 2/13/01




Acquisition Problems and Events

This section lists all known problems with acquisition during this cruise including instrument failures, data
acquisition system failures and any other factor affecting this data set. The format is jjj:hh:mm (jjj is julian
day, hh is hour, and mm is minute). All times are in GMT.

Start End Description

203: Start of Nav and Met data collection

204:13:00 Start of TSG and ADCP data collection

206:04:08 Outside 200-mi limit

207:14:30 208:02:00 Air Temp. reading failed. Cause was a misformatting of output string
from RM Young translator. Output format has been modified.

207:14:30 208:02:30 Rmeote and Intenral Seawater temperature readings were non-
correleated. Cause was a mixing in of sea wtaer form another intake
system in between the two temp. sensors.

217:02:00 218:03:00 Rel. Humidity sesnor had frosted over giving readings > 100%

241: 200-mi limit, end archive of geophysical data

242: End of permit for ADPC/TSG data collection




Data Report for NBP0104 RVIB Nathaniel B. Palmer

Calibrations

The file instrument.coef contains the calibration factors for the shipboard instruments. This file is used by
the RVDAS processing software in calculations of the using the raw data.

TSG CALIBRATION FILES

Conductivity Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place M.E.. Bellevue, Washington 98005 USA
Phone: (426) 643 - BEGE  Fox: (425) 643 - 9854  Intormot: soabird@weabird .com

SENEOR SERIAL NUMBER = H57 CONDICTIVITY CALIBRATION DATA
CALIBRATION DATE: 07-Feb-01 P35 1978 C(35,15,00 = 4.2914 Siemend ‘meter

GHI COEFFICIENTS ABUIIM COEFFICIENTYS

g = =4.05724357e+00 a= 4.78926301e-02

h = 4.8422€1828-01 B = 4.32368B2T7a=01 lf,l
i = 1.14515553a=-03 e = =4.04137716e+00 ]'||L :
j = =2 8400541%&-05 d = =1.12306086a-04 _.,t
CPcor = =%.57e-08 (nominal) me 2.1 L'

ClTecor = 31.286-06 (nominall CPoor = =9.57a-08 (nominal)

BATH TEMP BATH SAL BATH COND IMNET FEED INET COMD HESIDUAL

(ITS-90 =C) (PRI} (Sacmensm) (kHz} {Sbemenai) (Sherneanin)

22 . 0000 0. 0000 0. 00000 2. BAS50 0.00000 0.00000
1.0001 id .BBR3 2.96429 8.2782%9 2.96430 0.00001

4 ,.45659 34 ,BER4 31.27188 B, E45K5 3.2T7T183 =0.0000%
14.9999 34 .6641 4.25490 %.73645 4.35499 0.0000%
18,5000 I4.686831 4.60023 10.07823 4.60024 0.00001

24 .0000 34 .6604 5.15735 10.62162 5.15793 =0. 00006

28 ,9594949 14 . E55R 5.67H9R 11.10502 5.678%3 =0.00005

32 .4998 4 .h481 6.04535 11.43675 6.05000 0.00005

Conductivity = (g + b + it® + ")/ (1001 + & + ep)] Siemens/meter
Conductivity = (af™+ b" + ¢ + &) / [1(] + ] Siemens/meter

1 = wemperaure [deg C): p = pressure [decibars]; 8 = CToor; ¢ = CPor,

Reshdusl = (imsirument conductivity - hath conductivity) asing §. b, 1. | coeffickenrs

calibration wlope
5888 e dt - — e AT correst len

D @ ot 0007
@ OFfebedl 1000000
P [}
: @ B
0.8620 ®
ELE IEAL |
{8} [ I
o.8000 B ! e L Do O —
I 1
-0.0020 f— : t
1
o —— E
P i 1 F] 3 & 3 &
CIMEUETIVITY (8] e et }
L ATl |
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

Temperature
SEA-BIRD ELECTRONICS, INC.
1808 136th Place M.E., Bellevue, Washington 98005 USA
Phone: (425) 643 - D866 Fax: (426) 643 - 9954  Intarnet: saabird@soabied.com
SEMSOR SERIAL NUMBER = B57 TEMPERATIRE CALIERATION DDATA
CALIBRATION DATE: 07-Fet-01 IT5-90 TEMPERATURE SCALE
IT5-9%0 COEFFICIENTS [FT5-68 COEFFICTENTS
g- 4.24096327Te=-03 a = 3,.647T633159e-03
= 5.9951404%-04 b= 5 84843215e-04
i = 4,8B8335043c-06 cwm 2.941l46384e-06
j = -1.67667318¢-06 d e -1.6761525%e-06
fu = 1000000 f,ﬂ = JTI0.0L6
BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
(TS50 *C}) (Hz) {ITS.50 *C) (ITS50 *C)
1.0001 Z2T20.016 1.0001 0.00003
q.4999 2942 . B48 4.4998 =0.00007
14 .999% 36A9.140 15.0002 0o.00025%
18 . 5000 1965 . 047 18 . 4997 -0.00033
240000 4427.621 240002 0.00016
X8 .9999 4879.81% 28 .99%9%8 =0. 00008
134598 5314974 32,4998 0.00002

Temperature ITS-90 - I.l'h + hifall )] + o[ fai{l ] + jfn'(fufﬂ]} - 273,15 (*C)
Temperanare IFTS-68 = 1/{a + b{fmllyN] + c{im*((/M] + dfa™E0]) - 27315 ("C)
Following the recommendasion of IPOTS: T, s asumed o be 100024 * T, (=20 35 "Ch.
Fevidael = insirumend icmperaiure - baih emperaire
cal ibration  delta T
@.0200 ! - | date imcieg ©]

@ F-oct-0 =181
O T Feb-al -B.80

i i
| I
00100 -

SrSAAL I 1
EDegres T} |

46000 8 l? 5 R ﬂr—-—e—

£

E=S
E—
e e | B

TEMPERATUSE (Cegrees O R ST T pe——

P P -
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Remote Temperature

SEA-BIRD ELECTRONICS,
98005

1808 136th Place N.E., Bellevue, Washington

Phone: (425) 643 - 9866 Fax: (425) 643 - 9954

SENSOR SERIAL NUMBER = 2593

CALIBRATION DATE: 03-Jan-01s

ITS-90 COEFFICIENTS

g
h

i

]
£

BATH TEMP

|3

4.27987204e-03
6.19581534e-04
2.06356990e-05
1.60635055e-06

(ITS-90 °C)

-1.
L1071
.5999
.1982
.6315
.1880
.6926
.1918
.7512
L1661
.6976

Temperature ITS-90
Temperature IPTS-68

4022

1000.000

INSTRUMENT FREQ

(Hz)

2715.
2877.
.969

3113

3372.
3633.
3918.
4214.
4526 .
4859.
5195.
5559.

661
328

323
030
156
514
070
455
287
429

-115;(;7' Lﬁg4q,vx&3)
.

N 1

-

INC.

USA

Internet: seabird@seabird.com

TEMPERATURE CALIBRATION DATA
ITS-90 TEMPERATURE SCALE

IPTS-68 COEFFICIENTS

3.67988692e-03
5.83301097e-04
1.58473443e-05
1.60775530e-06
2715.661

[ I |

OO D W

0

INST TEMP
(ITS-90 °C)

-1.4022
1.1072
4.5999
8.1981

11.6314

15.1881

18.6926

22.1918

25.7512

29.1660

32.6976

RESIDUAL
(ITS-90 °C)

.00002
.00005
.00001
.00007
.00003
.00003
.00008
.00002
.00007

-0

0.

U{g + hlen(fy/D] + ilen* (/D] + j[€n3(fy/D1} - 273.15 (°C)
Ufa + blen(fy/D] + clen*(fy/D] + d[¢n3(f/D1} - 273.15 (°C)
Following the recommendation of JPOTS: Teg 18 assumed to be 1.00024 * Ty (-2 1035 °C).

Residual = instrument temperature - bath temperature

0.0200

0.0700
RESIDUAL
(Degrees ()

0.0000

-0.0100

-0.0200

i

L

15 20 25
TEMPERATURE (Degrees C)

30

35

00004
00005

calibration delta T

date [mdeg Cl
@D 26-Nov-98s 0.80
® 03-Jan-01s 0.00




Transmissometer

C-Star Calibration Sheet

i Janoary 2, 24811

LCustamery Matiopn Seicace Foundntion
Sarinl Number; LED 423PE

Job Mumbez: 1206

%a="V dark 058

.Iil'rllr- 1|I_r o |‘.T|: ﬂ.'if m

Your = ¥ out miIAD 4,763

Calibration Temgp of [0 a1

Ambicnt Temperature it}

% Tranamdsgion = [¥apr Vel T¥er Yl

Te—c¢™*

‘I'n anlve tor the attermation coctliceent ¢ in unita of m” use the follewing cquation.
¢~ IR I Yo YoMV o Vall

For further informaticn on thees oudcudpliong plege aea U Star Vgare Ghaida gaction E,

Temperatore Evror; W% K550

HNOTES

B (W, ) 8 the analog output of the metrucsent with the beger bkocked, Thit (3 an
instrumental offser

§ ¥,y »is the pnalog cutput voltage of the mgtrument with @ cleared beam path

[Wor ) ic the analogr owutput voltage of the inctrument wAth clean HoCr in the path.
(Calibration Uemnp of HAY] 6 the temperawra of the alean H; O uered b0 obtain Ve,
(Anbient Tempérntare) 1o the temipecatuce of the insbrument during the cabbralion
procedures.

#  [¥yeh i3 the measered sagoud voltage of the U S,



Meteorology System

Windbirds

R. M. YOUNG COMPANY WIND SENSOR CALIBRATION CERTIFICATE

SEN3OR:

SENSOR SERIAL NUMBER:

BEREINGS:

DATE:

WIND SPEED THRESDOLD TEST:

WIND BPEED ANPLITUDE/FREQUERCE TEST:
WIND EPEED AMPLITUDE/FREQUENCY TEST:
YARL TEST:

SPECIAL ROTEX:

SPFECIAL NOTEE:
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AZITHUTH POTLT LU

O5106 WIND MOKITOHR-MA
WMiE2 61

EEALED /HATERPRAOOF CRABASE
APE 11 2001
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PreTi ot et dikdbahd regicn betussn W5 gl B cegreww iw Uw renylt of e resistance sharge while
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R. H.

TOUNG COMPANY WIND SENBCR CALIBRATION CERIIFICATE

BENSOR:

SENSOR SERIAL NUMBER!

BERRINGS :

DATE 1

WIND SPEED THRESHOLD TEST:

LOW WIND SPEED NMPLITUDE/FREQUENCY TEST)
HIGH WIND SPEED AMPLITUDE/FREQUENCY TEST:
VANE TORQUE TEST:

SPECTAT. NOTES:

EPEQINLL HOTEG

AZIAUTH POSITION

05104 WIND MONITOR-MA
WHAGIE 2

SEALELD /WATERFROOF GREASGE
APR 11 2001
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Mast PAR

DO MO &5 oy
Blospherical ingr v wan-
M ast PAR Biospherical Instrumenis Inc. ﬂu“ﬂfi-nuu:; .

e

CALIERATION CERTIFICATE

Calibration Date 2115801

Model Musmbsor SER-240

Sarial Murnbar [ %]

Cperator TPC

Standard Lamp  84532(03/13/98)

Frobe Excitation Voltage Range: 5 o 18 VDC(+)
Culput Podarity: POSITIVE

Calibration WValtage: ] WDC(+)
Probe Curmmnl: 114 A, .

Probe Ouliul Yolteoe:

Frobe Nluminated B8 v
Frobe Dark 0.3 mi
Probe Het Responsa [E] my

Corecied Lamp Cutpet:
Quput In Air (same condition a5 calibratian):

B.55E+15  quanta‘crisec
0,014  uBfcmisec

LRlibrakion Factor
{To calfcwiale imadiancs, dhvide ihe net voltage reading in Volls by his vadue, )

Dy 1TME-17  Viquenta'cmses)
B.08E+00  WuElam'sac)

Pl

T Are Caile sbon | rerarrmencies

T Calitralion bn perfermed using & Starderd of Specles rrcisnee mosabis o e
Hatioral irstiuie of Ennderdsand Tectnaiogy (5T

A Tre colechon should be chesrmsa Iequenily Wil sleshel

4 Calbraion way e sith comomer Cabe, when Fadatie.
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PSP

THE EPPLEY LABORATORY, INC.
12 Sheffield Ave., P.O. Box 419, Newport, Rl 02840 USA EPLAB

Telephone: 401-847-1020 Fax: 401-847-1031

Scientific Instruments
- for Precision Measurements

STAN DARDIZATION Since 1917

OF
EPPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP

Serial Number: 33090F3

Resistance: 699 Q at 23 °C
Temperature Compensation Range: —20 to 40 oC

This radiometer has been compared with Standard Precision Spectral
Pyranometer, Serial Number 21231F3 in Eppley’'s Integrating
Hemisphere under radiation intensities of approximately 700 watts
meter ? (roughly one-half a solar constant). The adopted calibration
temperature is 25 °C.

As a result of a series of comparisons, it has been found to have a
sensitivity of:

-6 2

8.28 x 10" volts/watts meter’

5.77 millivolts/cal cm™® min’’

The calculation of this constant is based on the fact that the
relationship between radiation intensity and emf is rectilinear to
intensities of 1400 watts meter 2. This radiometer is 1linear to
within + 0.5% up to this intensity.

The calibration of this instrument is traceable to standard self-
calibrating cavity pyrheliometers in terms of. the Systems
Internationale des Unites (SI units), which participated in the
Eighth International Pyrheliometric Comparisons (IPC VIII) at Davos,
Switzerland in October 1995.

Useful conversion facts: 1 cal cm™® min* = 697.3 watts meter >

1 BTU/ft*-hr™? = 3.153 watts meter >

Shipped to: Date of Test: November 7, 2000
National Science Foundation

Port Heuneme, CA In Charge of Test:ﬂ/z, / 2;;;;&71L9¢A\\

S.0. Number: 58282 X
Date: December 14, 2000 Reviewed by: [lMJle;:z)

Remarks:
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PIR

THE EPPLEY LABORATORY, INC.
12 Brefcld Ave, #0  Box 41% Nowpord WL O2HAD WEA
Trlednore, A1 -A4T 10210 Fax: 407 -047-1031
Email: eplobdgmail bhsnet.com IeRrnEL: wany Bppleriab.com

Ar Frrnikacs BEEELMATHIIDG
Serae 1007

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER

Model PIR
Barial HNumler m:ﬁﬁ-‘

Haprstaneos: J4¥ K At 21 o
= 1
Temperatura Compengsaticn Eacoe: 20 to a4 e

Tnils pyraeomceter has  beon compared with Frecisioe ToT-a-el
Readlizoeier s, S=12al  HWemlee: FERIOFY in Gpplev®s  Tlackbody
Ca_lbrotion i:'.-':lr_ﬁcrn under rodiloticon intonsit-ooco ol apprakimatelsy
FO0 watts metar™ ard an average ambient taTperarvre ot BT

Moo oa rooelt ob oo sories ol comparicons, 1T hae bean FPound Lo
Fawve 5 sersitivicy ot

a4.1% w 10T sl sfmdr L= aebe:

Toa e a0 i 3 Fis cwms.Aarl 5 bies=d uan L= Zact that the
relabionsinin mecween radiatlior intensity ong omi is roobilingsr

to intensitiae of TOU watts mater . This radicomerer s
Pov o winvhie FT00% nps 1er thiis cnler =il y.

IR

Trea  ca-ocbration of Lol NS TElmasn iz rrareabdy i [N
Tal=rndai ihwi=e]l  Fraclhioal Teaperabass Soale IS0 through =
procigion law cemporaturs ooaockboody .

Shivead Lo Cara of Tewl mﬁ;ﬁ «RB01

Halional fcience Poundaliaon arn!

Port Heonema, UA In Charge of 188T fd ro o rigm
-'_'ﬁ

J.00 Yol SRR } i .. I,‘,-;-

Dot Maroh L, zZobL Roviowed BY!D b, ":"'H“'

[z s <a:

Raytheon Polar Services 27 United States Antarctic Program



Data Report for NBP0104 RVIB Nathaniel B. Palmer

GUv

ARSI L LR

a Blospherical Instrurments Ine.
Calibration Certificate for(GUV & PUV Radiometers

Saral Mumbar; 0228 | b e il Blemilind: PLIY'-1 180 Date Solar Dats Procsased: 0B28MT
Solar Calih Cates: QT o QRITRE Solar Rederanca GL'Y|s|: 9250

Lasrp Calibrwllon Date: J8/21M1 Salar Fed Cal Facter Werslon: 1
Crarer o Ingtrumaeni: Raythson Solar Calibaation ai: $an Diego, CA (BSI
Data Amabrsbls]: JSR Gewneral Commants: Standard Calibraticn

A node o the end-user. Instrumesnt calibration is easlly as important as instrument depioyment, bul it is
oftan ovedooked. This document has been prepared b help explain the condibons under which the dif-
ferant sansors in your instrument have been calibrated, Please read this information carefully and com-
plately, If you do nod understand a calibration factor, please fesl free to contact the factory for @ more
cdedailed explanalion.

GUY radiometers are precision, tamperature-controlled filter radiometers designad for long term mon-
toring. PLUAV-510 Reference Ultraviolet Radiomaters are designed 1o provide the above-water countes-
part o the PUN-500 providing fast and accurate measuremaents of solar UV in the watar colurme, Both of
these seres of instruments are calibrated in two different ways: “lamp caldwations® and “solar calibva-
tions.” The more famisar lamg calbeation & perormad in our laboratory using a NIST-raceabla 1000
Wall FEL-type Standard of Speciral Imediance and the mathods described i Mational Bureau of Stan-
dards (U5} publications 584-13 and 250-20. This stendardized procaduns gives good accwracy when
calibrating the PAR visible channel and is usedul in Indicating if channel sensitivities have changed over
time. Lamp callbrations are problemalic for solar UY measuremants bacausa the solar specirum is radi-
cally different from the lamg spactrum and changes greathy a8 a function of wavalangth. Solar calibea-
tlong are achieved through direct comparson with reference” GUVE [RGUNVS) using the sun as the
source of iradance, Thase RGUVE am, In twm, calibrated through cominuous Imencompansan with a
high resciufion scanmng specitroradiometer in San Diego (SUN-100) that is part of a world-wide UV
maniboring retwark.

As & resuft of our calibration msearch, we have now standardized on solar calibrations for the LA chan-
mals while retaining the tradifional lamp-based catiseation for PAR, |t is mmpartant to nate that the sofar
callbration procedurs sulomaticadly takes into sccound the spectral bSandwidth of the detectors and
therafore report the imadiance as a trm wide tianguiar bandpass centarad an the nominal wavalangth.

Caveats. The raference instruments used at Biospherical are "GUY" model radiomeders that are tam-
parature controlled and equipped with cosine collectors optimized for use in air, Years of GUV solar
calibration experienca hava shown the procedure to be robust, accurate and reproducibée for generalized
GUY calibrations. PUVS are not temperatuse siabilized, a factor adding encertainty b GUVIPLY calibra-
tion trarsfers. Wa are recommanding ihat researchers use the solar calibration constants. Genarally,
these effects ara wall balow the 10% uncertainty level. Far a more detailed discussion, ses Booth at al.
[1904) Errars in reporing of solar imadiance using moderate bandwidth radiometers: an experimental
immestigalion, SPIE Wal. 2258 Gcaan Oplics Xl G54-653,

Mote: Theze calibration documents alse apaly o the “GTR vananf of the GUV instruments
U iradiance Channeds Calibrated Using Sodar Intercompar|san

ROM Tag Maerriinial vl CHifa et Seab Faclor in

Sumbser Chi Wmvelangeh [nm) {Walis| Adr Aasulting Units
[T x ans 041855 083104 W em®nm|
His, 4 121 -0, e 140 Hzm®nmy|
HA g 340 0. [ee5a0 EIARRTH WEENzm=nm|
Hi& & A0d 41, 083324 .05 WWderm nm|

Fiode: Ui for tha Sems Facrors s Voks ubdem - nmll The s ofsels shows ABcink esufed fom cur roofiop efemamioseens and ey
snoukd b redeteyminad affar e nefmaned i o d fial & anpe ma afser gl 105mn i Angen il il gLy
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Lo b b L

Standard Lamp Calibrated Channals (PAR) Serial Mumoer 9228
Maminal Initial Cideed Scale Factos In
RO Tog Mumibar Che ‘Waelangeh |nmj) [Woita) Alr Resuibing Linibs
L, ] FRR 000080 -10,B518 HENET! 58]
Lamp Rafavence 01 TS (001 10| Lirvts dor 1w Scabh Factom s T E s e’ sl

Pt yrihalisally Sctiva (or Availabia) Radstian (PARY |0 o insirumesls, PAR is measusd s he spaciral egion fmm 400 10 700 e
using sensors with o constant guanium e spon s (eaponss squaly o ol waselsngifa|, IEiimenis o saiabks rom Biossranioal wilh ora
o ten diferent irRdiancs massuraman georainas. The PAR cranml in fa FUYV measures |plane) dowrmeeding imsdiance, “Ba (AT,
which s tha dowreasd iraiancs Aoedam o a at sudacs of unk anea. The measureme m g PUV-S00 is mads wilh & "sodies” colador
opirmied for use unsdenwaien. Tha GUY and PUA-S10 siso uses. cosne collecion, bul astimize for uss in g, Forinis rsasan, dimcl
oomrpansore of PLW-500 with PUAV-510 o GAA-511 Inslumenis ans difiout

Ea(PAR] is afen comised with sealer imasiance, Eo (PAR, which |5 2 measune of the radisncs Mus inegratad from &l Siectens incidem
an & poirg n snece, as used by ths PHE-100 Natusl Fluommetes. Dowrveling PAR iredance wil oways ba kas than the soalar PAR
wrder ralural squasss sonsleng

Pleass nats tha the PUV is calitvined in uEfem® 3ec), differsnos in ol unit from the PHF (om, not m™).

Thbh ersinnl i calforated by o standard lamp,

Instrument Diagnostic Channals
RO Tag Momita G Variatla Coifsa Sl Fazbor Original Walee  FeswHing Units

M, T Graund o i OLCONR Wals

Bide Thasd chaamets gk nad dorrmbly cied i At anakals, b e ariaie S monmnng wstumess’ penformansg, and for maniodg g s
cnangar in the evacironvcs. The oitsers in Shese channsls are pommaly aatsmd rm Ot as O and Sowe ag 1, Groond' crannes fack the somae
ot S0veT IoCanas §F Me nemamey, and the fefsance volage B used fo monfor Me pevormanad of e sanag o il coninitan Tha vollagoes

EhlaB o E Gty faciors, b ey ars e vshier o S v ol Wik Saibvatinn and 0 Soled o e ismnce.
Temperature
ROA Tag amber Ghe Function Dttee Scale Facler  Resulting Units
Dateobor Array 3
FA, 4 Tamparaure ] a4 =
Electronicy

(I 3 Tamparsdire o 0. 5}
Mt Tibistor Arap Tempavons mennts e mpersiune of e e Ter STy, U5 Gossbes 1 use Jarfa rom U i somperni e Y
ki’ TG ] W i PUV, bl A G e s e v pur afuadnd.
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CTD

Pressure Sensor
Presaure Calibration Check B PEE Ty R L

presgure gensor model: Digiguartz 410K-105
sengnr serial number:  hdE@Ene
ipetalled ino: 2OTD BARETNY D

Tkis pressure calibration ie a check of the ‘test' sensor against a atable
reference  presdire densor. The reference presaure sensor ig itsell cheoked
several Cimes per year against a NIST-traceakle preossure standard maintained at
Faroscientific, Inc.. The circumstances of this pressure check introduce no more
Lharn 1.6 psia total errcr in 10,000 pei (0.015 %) in  &addictien ko the error
regident In the Parcecientific site standard. The check offers a very high level
cercitication of the health and proper operation of che "teatb’ gensor,

Iapnak Sensor Senaor Preggure Fregsure Erzor
Prossure outout Temperalurs Factory Coef Correclted
[paial [hz] [l 0] [paial [pesia) [oeial
14,700 331280 _B5 21.1 17,055 l5.18932 0,455
2014 .59 23934 ,55 1.2 20iG6.810 2014, Ta5 0.9030
J014, 424 34565 . 7B 21.3 416,659 4014377 - 047
015 .8%0 3%183.9% 21.13 6015, 545 G013 .982 @.0B3
BED13.2176 A5THS, T3 21.13 BO1&. 340 E012.536 0.10
0013 005 Z65303 .73 21.4 10015, 99¢  10D1Z.924 0,081
BG13 354 AGTR9 .68 21.4 BO16.115 2013, 310 -0.044
ROLI . 824 AL183.56 21.5 G016.402 BOLE, 917 0.083
401a.353 3156581 255 GDIE.5R2 4014.36% D.oBP4
2014~ 5L£8 231934 .47 i 2316334 2014 ,243 -0 . 325
14,602 33285, 35 1.8 le. 1a8 14.3z8 -0, 274

Inpub pressure is generated with a Buska model 5201 dead-weight tesber, serial
aumber 22330/5380, and ia determined by measuremsnt with reference pressure Sensor
model Digiquartz 410K-000, serial pumber 73292,

Sensor Temperature: prespure genscr internal temperacure,

Pregeure Corrected: pressure computed with coriginal factory ccefficisnta and
then corrected with a slope and offaset to give the best linear agreement with
Lhe "Teference' Input pressure.

Errocr: Correchbed pressare Input pressure

A linear it of thie calibration data, betweon gengor pressure computed with
factory coefficients and the Input preseure, yields correction coefficients:
Carrected pressure = pei_slope * Factory pressure + pei offest [paia)
rFei_slope = 0.99588 and pai aoffse:r = 1.84 [paial

These are converted to Slops and Offset in decibare for use in the SEASOFT
Progqrams by Slope = pei_slope = O.5998E

Offset = © % (psi_cffaet - 14.7 * (L - peil_slope;) = 1.26E4 [dbars]

C o= 0.689476 [dbar/pail

Slope and Offset coefficients are eatersd intc the presgure sensor calibration
coefficient section of the <».CON file using the program SEACOM,

Digiquartz CoefEleients: ADSI0 Pregmure TemoeraCure
Coefficienta:

01 = -5.102914e+04

C2 = 1.049610e-0L1 ADSEOM = G.01148

C3 = 1.481320e-032 ADSADE =  -d,7THS48

Dl = 3.542300e-02

D2 = 0.500000e+00

TL = 2.204370e+0]1 Calibration Cforrecticn:

TZ = -3,16477¢e=04

T4 = 4.1:5G600e-0Da Slope = D.20088

Td = 1.411E00e-09 Cffset = -1.2G6B4
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Temperature Sensors

SEA-BIRD ELECTRONICS, INC.

1808 1326th Place N.E., Bellewvus, Washington 98005 USA
Phone: (425) 643 - 9866 Fax: (426) 643 - 9964  Internel: seabird@sea bird. com

SEMSOR SERIAL NUMBER = 2186
CALIBRATION DATE: 20-Jul-(X15

TEMPERATURE CALIBRATION DATA
ITS-90 TEMPERATURE SCALE

ITS- COEFFICIENTS IPT5-08 COEFFICIENTS

g = 4,34014822e-03 a = 231.67991328=-03

h = 6.445359%56e-04 h = 6.028889%32-04

i= 2.31453347e-05 © = 1.62804854e-05

j = 2.16621304e-06 d = Z.le77aTH6e-0a

£, = 1000.000 £, = 296B8.568

BATH TEMP INSTRUMENT FREQ IMST TEMP RESIDIAL

{IT5-940 °C} {Hz (IT5-50 °C) [IT85-50 “C)
-1.4041 288E6.568 -1.4041 0. 0a0en
1.1035 1054 . 661 1.1035 000083
4_5980 1297478 4.5979 0. 0a0os
B.1951 I561.695 d4.19460 -0, 00005
11.6257 38327 .624 11.6257 G, o000z
15.1875 4117.734 15,1676 G, oanLl
18,6918 4418 .314 18.6918 -0, a0l
22,1501 4733 .,357 22.1%400 -0, DOnaE

25,7512 S0B5, 903 25 _751z2 o.o0onol

29,1656 2407, 775 29.1656 -0.00002

42 . 6230 773,364 32.69490 J.,400003

Temperawre 590 = Vg + hlEti 0] + ilEa¥ 4] + jlEatE 0]} - 27305 (50
Temperaure IPTS-68 = Li{a + blEn(f,fT + clEn(,/0] + d[Ea% M1} - 273,15 (°C)
Following the recommendation of JPOTS: T is assumed o be 100024 * T, (-2 1035 "Ch.

Residual = instrareat temperarune - bath temperatune
calibration delea ¥
£.0200 & . e B date [msieg C1
& [E-Har-005 -0.0&
| [ 20 Jul-0s (]
|
0080 —— . :
| | |
RESIDUAL | f !
[Degreos C3 [
0.oaot —a——8——¢——s—b—5B—8—2
0. = —
|
EI.EIZ'HI:I L - e ———— —_— e .._.. ——— L ——
-5 a 4 10 15 2l % L 35

TEMPERATLRE [Degrees C)
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SEA-BIRD ELECTRONICS, INC.

1808 136th Place MN.E., Bellevue, Washington 98005  USA
Fhana: [425) 643 - D866  Fox: |4251 643 - 9954  Internet: seabird @seabird, com

SENSOR SERIAL NUMBER = 2168 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 20-Aug-D%: IT5-90 TEMPERATURE SCALL

ITS- 90 CORFFICIENTS IPTS-A8 COEFFICIEMTS

o A4.350860332-03 | 3. ABD0ZZREAe-03

h G.A3BS0B0Te-04 b= &.012068722-04

i = 2.3374033%e-058 o= 1.6827501LB1e-05

j = 2.199427482-08 d = 2. 2011E8266e-0F

£, = 1c00.000 [, = 2944.562

BATH TEMP IMSTRUMENT FREL) INST TEMP RESIDUAL
(TS50 ) (Hlzy (Irs-50 O {ITS-490 =)
-2.412%2 2944 562 -1 .4122 -0o0ann3
10979 3114 . 043 1.03973 n.ooach
4, 59073 AER2 . 714 4, 5904 n.o0o0o0l
BUo1EdA1 3632.941 H,18EL o.00004
11.6E27 3905 .08R0 11,6227 -0.apani
15,1795 2201864 15.1795 O, anana
1R _GER38 4509 _.533 18 .683% 0.0a0an0s
22 .1E34 SR3Z 222 A2.1824 0.,a04803
257433 L1VE.ELE 257432 -0.00C03
2215488 ER22.7RT 29,1586 Q.00804
32,6914 SRA7 26T 32.69%18 a.a0003

Temperatines ITS-90 = g + bl + alen(f /0] + i[E'.'t’{f”.'f”} - 27315 ()

Temperatere [PTS-68 = Ff{a + blfe(fR] 4 el + G eI OH) - 27505 {7C)

i is asswined o be 100024 * Ty, (-2 W0 3570

Following the reeommendation of IPOTS: T,

Eesidual — instrument temperature - bath tempecaiee

calibratian  delta T
date [mdeg ]
09 -Har- 995 0,05
20-RBug-39s [ ]]

0,020 e

ol

|
00107 A [P T Pl Y- P ] | S
RES1DLAL |

LDegrees ©)

00000 | & B @ & —B——H—

-foian ! — _e_._ — . —_—

-0.0200 - I I R el _
# s 5 m 15 0 o 30 15

TEMPERATURE (Degrees C)
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Conductivity Sensors

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 USA
Phone: {425] 643 - 989668 Fax: {425} 643 - 9954  Internet: seabird @seabird.com

SENSOR SERIAL NUMBER = 1143 COMDUCTIVITY CALIBRATION DATA

CALIBREATION DATE: 19-5cp{Hs PSS 1978 C{35,15,01 = 4, 2914 Siemens/meler

GHI COEFFICIENTS ARCDM COEFFICIENTS

g = -4 .173681032+00 a = 1.504343ETe-05

h = 5.332003462-01 b = 5.3319%1504e-01

1 = -4 455&£1i608a-05 o= -4 17324 568a+00

7 o= L E3534054e-05 d = -&6.7%25062342-058

Choor = -9.57e-08 (nominal) m= &,z

OToor = 3,25e-08 [(nominal)d CEoor = -9.57e-08 {nominall

BATH TEMP BATH 5AL BATH COMD TMET FREQ TNST COND RESIDUMAL
{IPFTS-0k *C) (P51 {Siemens/m) (kHz} [SizmensSm) {Siernens'm)
D.00040 0. OCa QL panoo 2.79783 -0.0Dood -0 . 00000
-1.3693 34,5442 2., 77537 VLo1EA41 2.07542 0.G0005
1,.1ERG 34 8527 2., %9338 TLORT03 Z.99332 -0.Cnoas
1% . ZB ARG 34 .8540 4, 30369 9.3%158 4 30371 0. 0paa2

14,7267 A4 B524 4.,64509 9. 12375 4 . £4508 ~0_00a0l

29,2687 34 . B4BY 5.73493 in.71432 5.T734583 =0 00000

Conductivity = (g + RES + i€ + 36 ¢ [L] & &€ + ep)] Siemvens/meter

Conductivity = (.u.fm+ bfp' + ¢+ iy ¢ 1001 + ep)] Siemens'meter
1 = temperaure [deg C); p = pressure [decibars|; § = Cloor; e = CPeor;
Residual = (instrument condwczivity - bath conducrivity}  vsiog g, b, 1, j coefficients

calibration slope
date cerrectian

ﬂ_mzn e e e
i B 29-Feb-005 17,0004
| G} 19-Sep-00:  7.000000
|
00010 : - - —
RESIMLIAL. @ $
=]
(5 /m} i)
a.000) & Sy ) &
1
i [it]
T I e e :
I &
-p.opzn — -
0 1 z 3 5 5 &
COMDUETIWITY 45 1emers meter)
r e v Ay
POET CoUIsn
CALTEATION

e B - i e
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Ballovus, Washington 98005 USA
Phone: [425) G643 - 9868 Fax: (428) 843 - 9954  Internet: seabird@seabird.com

SENSOR SERIAL NUMEER = 024 CONDUCTIVITY CALIBRATION DATA
CALIERATION DATE: 19-Sep-0ds PSS 1978: C(35,15,0) = 4,2914 Sicmens'meter

GHI COEFFICIENTS ABCDM COEFFICIENTS

g = -4.25968885a+00 d = 4. 57T066120a=07

h = 5.701351%4e-01 b= 5.67944346e-01

i = -7.25477690e-04 C m =4,25294283e¢+00

] = 6.76685B032e-05 d e -8.86512431&-05

CPcor = -9.57e-08 (nominal} ma 5.6

CTcoy = 3.25e-06 {(nominal) CPcor = -5.57a-08 (nominal)
BATH TEMP BATII SAL BATH COND INST FREQ INST COND RESIDUIAL
(IPTS-6% =) (PS5 {Siemens/m) (kliz) {Siemena‘m) [Siemens. /o)
0.0000 0.0000 0.00000 2.73644 -0.00000 =0.00000
-1.369% 34 .8442 2.771537 T.50283 2.77542 a.00005
1.1686 34 .8527 2.99338 T.75146 2.99332 -0 _ 00006
15.2886 34.8540 4.3036% 9.11458 4.30371 0.00002
18.7287 34 .8536 4.64509 9.43642 4.64508 -0.00001
25,2697 34.84489 5.73493 10.39589 5.73493 -0.00000

Conductivity = (g + hE° + if® + j0% 7 (1001 + 5t + ¢p)] Siemens/meter
Conductivity = (af™+ bE° + ¢ + di)/ [10(1 + ep)] Siemens/meter
t = temperaure [deg C; p = pressunc [decibars]; 4 = CTeoor; ¢ = CPoor;
Residual = (instrament combuctivaty - hath copductiviry)  using g, b, i, § coefliciens
tolibration =®lope
dste cOrrection
& 19-Aug-99s 09902
(3} 19-Sep-00s  1,00000C

p.poEy o ————— — G|

0.0010 = ————— T T T P e
RESIDUIAL
{5/m)
0.0000

-0.0010 |———— —_— : !

-0.0020 + - - -
i} 1 2 3 L] § &

CONOUCTIWITY (51 ememns imatar)
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

Dissolved Oxygen Sensor

S B E sea8ird Electronics, Inc. FAX: (425) 643-9954

1808 138N Place ME, Bellavue, Washington 39005 USA  Tal (425)843-0846
m Wiebaita: hitp/iwww. saabird com Email ssabirdi@saabird com

DISSOLVED OXYGEN SENSOR CALIBRATION: S/N 130295 21 July 2000

Sensor tvpe:
Heckman, Module S 7-04-05

Sensor Current

m 24619 E-7
h = CA03090 1510

The use of these constants m a lincar cquation of the Torm
I=m¥ +h

willl yielel DY sensor mem hreane current as a tunction of sensor output vollige,

Sensor Compensation Temperature

k = §919%
C -6.8763

The use of these constants in a linear equation of the form

T=kV+¢
will yicld membrane temperature as a function of temperature channel voltage with a maximum
error of aboul 0.5 deg C. The cormoction o dissolved oxygen resulting from the use of this
calibration should be suflicient 1o achieve the precision of which the sensor is capable,

SEARCFT Cocfficients bpsgd pn Cxfit Calibration Results

Soc 24241

s 00,0254

teor -0.033 [nominal}

peor [.50c-4 (nominal}

(R1T) 20 (tor profiling applications only)
tau 0.0 (for moored applications only)
wi 067 (for Beckman bype scnsors)
wi 0.85 (for Y51 type sensors)
barometer = 1007.241 mB

Twater = 5. 756 dep C

Teomp = 5.30% dep O

Iz = (0,506 wA

lair = (b2 A

Lo = .00 A
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

Fluorometer

CERTIFICATE OF CALIBRATION

Date of issue 16 July 2001
Descriplion Mk I Aquatracka {Chlorophyll-a)
Senal Number DRROB0

REFPORT

The flucrimeter was exposed 1o various concentrations of Chlorophyll-a dissolved in
acetone in addition to pure water and pure acetone. The following formula was derived
from the readings to relate instrament output to chlorophyll-a concentration.

Cone. = { 0.0136 x 10™'™ y - 0.0207
Where: -

cone. = fluarophor concentration in pg/l
Ouiput = Aquatracka output in volts

The above formula can be used in the range 0 - 100 microgrammes per lilre to an
uncertainty of 002 microgrammes per litre plus 8% of value.

Notes
The above formula has been derived using Chlorophyil-a dissolved in acetone.
Mo puarantes is given as to the performance of the instrument to biologically
active chlorophyll in sea-water,

The zero offset has been determined in the laboratory using purified water from a
reverse osmosisfion exchange column, It is possible that purer water may be
found in clean deep ocean conditions. Under these conditions, the offset shown
in the above formula should be replaced by the antilogarithm of the Aquatracka
output in the purest water found, multiplied by the scale factor.

Serial number OFROB0 Page | of 2
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

Fluorimeter calibration readings
Ambient temperature 2000
Cutput for detector mechanically blanked .0017 Volts —

Chutput for pure water  0.1827 Volts

chlorophyll concentration Output (volts)
in acetone
()
Acetone (pure) 02420 —
0.1 10312
03 1.3904
1.0 1.B65] — |
209 2.3625
9.9 28613
291 313114
90.9 3.7852

The uncertainty of the chlerophyll concentration is estimated not to exceed 3%. The
uncertainty of output voltage measurement is estimated not to exceed 2mV,

Signed Q,Q)\ L"V Date “.,/T Jy

Serial mumber GRS080 Page 2 of 2
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

CTD PAR

UNDERWATER PAR SENSOR WITH LOG AMPLIFIER

Calibration Date: y0GRTION Job No.: __R7748
Model Number: QSPZ00L

Serial Number: _ 8381,

Operator: TPC
Standard Lamp: 4532 (031 3/98)
Operating Yoltage Range: 1] 1o 15 VDC (+)

Mote; The QSP-200L uses a log amplifies to measure the detector signal currant with ¥V = log | [Amps) / IRed
To calculale imadisnce, use this formula:
| Irradiance = Calibration facter * {10*Light Signal Voltage - 10*Dark Voltage) |

With the appropriate {selar correctad) Irmadiance Caliration Factor: et rk
Dry Calibration Factor:| 1.64E+12 [quanta/em® sec/"amps" 2.72E-06uEinstains/em® sec/"amps"
‘Wat Calibration Factor:| 2.76E+12 [quantalcm® sec/"amps” 4.58E-06|uEinstains/cm® sec/ amps”

Sensor Test Data and Results”
Sensor Supply Cument (Darkk] 765 [mA
Supply Vollage: B WVoits

Lamp Inlsgrated PAR Irradiance:| 8.55E+15 |quantalom® sec 0.01420 [pEinsteinsiom’sec
SC3 Immersion Coeflcent| 0504 Scalar Compclion: 1 PAR Solar Comection:] 1.0000
Woaswred Estmaled  Calc. Tesl e,
Mominal Calibrated Sensor  Measured Signal  Signal Oulput  Emor (quantal
Fiter OD _ Trans.  Voltage  Trans. (Amps)  (Amps) {Volls)  (Volts) Emor (%) om’sec)
No Filter | 100.00% | 3.718 | 100.00% 5.22E-07 | 5.22E07 | 3718 | 0.000 0.0 |BSSE+IS
0.3 26.10% | 3272 | 35.79% 1.87E-07 | 1.88E-07 | 3.276 | 0.004 0.6 |3.06E+15
0.5 27.60% | 3Me1 | 27.T1% 1 45E-07 | 1.44E-07 | 3450 | 0002 04 | 297E+15
1 B27% | 2688 | 9.52% 497E-08 | 4.B4E-08 | 2686 | -0.012 27  |8.15E+14
2 1.11% 1798 | 1.17% 6.13E-09 | 5.80E-08 | 1775 | -0.023 54 | 100E+14
a oos% | o780 | o008 4.226-10 | 279E-10 | 0838 | -0.124 340 | BO2E+12
Dark Before: 0185 Volts
Light - Mo Filter Hidr.. 3710 Vaits leet = 1.00E-10 Amps
Dawk After - NFH:— 0185 Voiis lwa =~ T.53E-T0 Amps
A e VO, —— Callyrcin..
verage Dark _ 0.185  Voils 10" = _1.531067 Amps sl =
LT —
Lm " P Py
1. Annul calibostion is recommended =28 . p"

7. Thiore i INCraasing el associatd with readings below Do,
3, The collecior should be ceaned frequenty with sloshal,
i) This section ks for intesmisl use and for mone advanced Lnlsls,

CEP-200L 4099.xls
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

CTD Transmissometer

25 ¢cm TRANSMISSOMETER OPERATING INSTRUCTIONS

OPERATION & CALIBRATION:

First, connect a power source (9 1 30 VDC) to the instrument as shown on the connector
wiring diagram, see figure 1. Observe polarity when connecting the power supply to the
rnsmissometer, connect positive to pin 4 and negative to pin 1.

Use a voltmeter to mnﬁsura the output voltage, pin 2 is the output and pin 3 is ground.
Block the light path 1o measure the zero output, it should be 0,00, +/- .01 VDC,

Clean the windows using kimwipes (or other non abrasive material), with a solution of
dish washing liquid and water, When the windows are clean, the output voltage in air
should be within /- .02 VDC of the AIR CALIBRATION value listed below,

Perform the above procedurs before cach calibration and use of the instrument 10 measure
transmission of water. The wavelength of the source is 660 nm, and at this wavelength the
maximum value for light ransmisston in clean water with a 25 cm path length is #1.3%
{4.565 VDC). Pure water absorption is 8.7% for a 25 cm path length at 660 nm.

MOUNTING INSTRUCTIONS:

‘A mounting bracket is provided with the ransmissometer 1o simplify mounting the
instrument on your system, sec figure 2.

PRECAUTIONS:

DO NOT OPEN THE INSTRUMENT--this voids the warranty. If the instrument does not
function properly, please consult the factory.

DO NOT LEAVE THE INSTRUMENT ON WHEN NOT IN USE. The LED is quite
stable, but it will decrease in intensity, like most light sources, if left on for a long period of
time.

DATA REDUCTION:

Adr calibration may change with time, The LED light output can decrease approximately 1%
in 1000 hours of ation. If the air calibration 15 measured frequently and the following
correction is tpé:;l:d, then this change can be compensated for and will not affect the
accuracy of the data.

V=(A/B) = (X-Z) and % Transmission = 20+ V

V=Corrected output voltage, (< 4.565 VDC since 91.3% is pure water).
A=Air calibration value listed below.,

B=Air calibration {present value),

X=Data value (output voltage measured in water),

£=Fero offset with light path blocked.

The AR CALIBRATION for SN420ZD was _4.650 VDC ori (GIR1200] .
The ZERO OFFSET with the light path blocked is -0.001 VDC
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

10 m* MOCNESS

Pressure Sensor

DEPTH SENSOR CALIBRATION
February- 242001+

The pressure sensor used in the MOCNESS is a titanium strain gauge with
an intemal temperature sensor. The temperature of the sensor is
measured and used to correct for the thermal offsets in the measurement
of pressure. The MOCNESS measures the voltage across the pressure and
temperature bridges of the sensor and reports these values in its cutput
data stream. The MOCNESS pressure sensor is calibrated at several
pressure points and at two temperatures. There are no adjustments in the
MOCNESS hardware and all calibration is done in software in the surace
control computer. The values sent up the wire in the MOCNESS data stream
{the bridge voltages) are scaled to be sent as integers in the range of 0-
59999 for pressure and 0-9999 for temperature. The calibration data is
fit by the following equation- .

Z=(C1"V1+CO}"Vp 2+ (B1"Vi+BO)*"Vp+{A 1*VI+AD)

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

The following constants are for your MOCNESS underwater unit.

sarial_number =

Cl=
1.346556023582793e-13
Ch =
-3.659981195534541e-10
Bl =
-4, 7461 3570860397 7e-08
B0 =
0.10487 288807002
Al=
0.00155922569240
AQ =
-1.728933890313200e+02
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

Temperature Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 USA
Phone: (425} 643 - 3866 Fax: (425) 643 - 9954  Internaet: seabird@seabird.com

SEMSOR SERIAL NUMBER ="808" TEMPERATURE CALIBRATION DATA
CALIBRATION DATEmlidsPeba01s ITS90 TEMPERATURE SCALE
ITS-% COEFFICIENTS IFTS-68 COEFFICIENTS

g = 4.34511387e-03 a = 3.679P843Be-03

h = B6.4464%6032-04 b= £.024B87B4a-04

i = 2,32791524e-05 ¢ = 1.63217B29&-05

j = 2.17789379e-06 d = 2.17945242&-06

£, = 1000.000 f, = 2912.686

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
(ITS-90 *C) (Hz) {ITS-90 *C) (ITS-90 *C)
-1.4020 2912.686 =1.4020 -0.000602
1.1064 3080.329 1.1064 G.00004
14.5297 3325.277 1.5997 G.00001
8.1974 3591.8723 8.1973 -0.00007
11.5315 3862.289 1..6315 -4.00001
15.1885 4153 .028 15.1886 0.00008
18.6926 4456.395 18.6926 0.400001
22.1918 4774.526 22.1918 ~0.00003
25.7525 5114.166 25,7525 -0.00002
29.1672 5£55.263 29.1672 -0.00001
32,7000 5824 .319 A2.7000 0.00002

Temperature ITS-90 = 1fg + hifn(f 0] + i[0a (00 + jIfa* 0 01) - 27315 (*C)
Tempersture IPTS5-68 = 17a + blfﬂ{l’un':l']] + clfn'{fuﬂ'}] + dlfn"{!l'n,.l'!'}jl -273.15 (*C)
Following the recommendation of JPOTS: T, is assumed 1o be 100024 * T, (-2 10 35 *C).

Residual = instrument lemperature - bach temperature
calibration delta T
e el b date imdeg ]
i 20-Jul-Dbs -0
£ 13-Feb-D1s 0,0

0.0200 | ‘ S— - e

.m0 —m™m™m 3 L e L
RESIDURAL

{degress C)

i
i
i
®
@
o

0,000

—@

00100 ¢ —- . - -

@_
-0.02300 — i —— ——— e —— it

-5 q 5 19 15 20 25_ : o . 35

TEMPERATURE (Dogress L) . e

-}
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RVIB Nathaniel B. Palmer

Conductivity Sensor
SEA-BIRD ELECTRONICS,

Washingtan

1808 136th Place M.E.,
Phone: [425) 643 - 9866  Fax: (425) 643 - 99654

SEMSOR SERTAL NUMBER —sgBEpe

CALIBRATION DATE b

GHI COEFFICIENTS

g = -4.01117657e+00

h = 5.12546273e-01

1= -6.99560953e-04

j = 6.25B15267e-05

CPcor = =9.57e-08 (nominal}

CTecor = 3.25e8-06 [(nominal)

BATH TEMP BATH SAL BATH COND
{IPTS-68 ) {PSLI) (Slemens/m)
0.0000 Q.0000 0.00000
=1.4420 35.3110 2.80288
1.017% 3%.3098 1.01560
1%.1713 i%.3104 &, 34237
18.6473 35,3086 4.69106

2%.0551 15,3072 5.11876
12.6126 15.3025% 6.16250

Conductivity = (g + bf + ir® 4 j:l"].fﬂn[l 4 M 4 epi] SiemensSmister

Ballevia,

98005
Imtar net: seabird @seabird. com

INC.

usa

CONDUCTIVITY CALIBRATION DATA
PS5 1978 C(35,15,00 = 4.2914 Siemens‘meter

ARCDM COEFFICIENTS
A = 8.39979738e-07
b = 5.10029%80=-01
¢ = =4 002755952+00
d = =-7.97220076e-05

m = 5.3
CPcor =

INST FREQ
{kHz)

]

O D O ) b

.8015%1
.91886
LATE9G
LE2305
.97512
.98252
31576

Conductivity = {af" + I:lfz A ¢4 dt) S 1000 + ep)] Sicmens'meler

1 = lemperaure |deg CJ; p = pressure [decibars]; & = CToor; ¢ = CPeor;

3
4
4.
5
[

-9 .57e-08

IMST COND
(Siemenstm)
-0.

w4

oocoo
802856
01565
34227
69111
.TTRAL
16245

Residual = (instrument conductivity - bl conductivityy  using g, b, 1, j coefficienis

0.0020

0.0010

2E5OUAL

(5/ml
G.ooon SR

00000

-0.0020 4{_ —
o

i

i
[a]

CONDUETIWITY (8] emers/meter])

ij

[nominal}

RESIDUAL
[Siemens/m)

-0.00000
=0.00002
0.00005
=0.00010
¢. 00005
Q.00007
-0.00005

calibration slope
date Carrest ion

B 1E-Moy-00s 0. F9FETL
1 1-Feb-018  1.000000

o]
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Data Report for NBP0104 RVIB Nathaniel B. Palmer

1 m* MOCNESS

Pressure Sensor

DEPTH SENSOR CALIERATION
February . 24,2001

The pressure sensor used in the MOCNESS is a titanium strain gauge with
an internal temperature sensor. The temperature of the sensor is
measured and used to correct for the thermal oifsets in the measurement
of pressure. The MOCNESS measures the voltage across the pressure and
temperature bridges of the sensor and reporis these values in its output
data stream. The MOCNESS pressure sensor is calibrated at sevaral
pressure points and at two temperatures. There are no adjusiments in the
MOCNESS hardware and all calibration is done in software in the surface
control computer. The values sent up the wire in the MOCNESS data stream
(the bridge voltages) are scaled to be sent as inlegers in the range of 0-
99999 for pressure and 0-9999 for temperature. The calibration data is
fit by the following equation-

Z=(C1*V1+C0)*Vpr2+(B1*VI+BO)*Vp+(A1*Vi+AD)

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

The following constants are for your MOCNESS underwater unit.

serial_number =
e
Cl=
2.0375147842450948-13
CO =
-1.180376389332701e-09
Bl=
-4, 224964637147011e-08
BO=
0.10472170489350
Al=
9. 16747145296557 1e-04
AD =
-1.8563545864 157 138+02
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Temperature Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 USA
Phone: (425} 643 - 3866 Fax: (425) 643 - 9954  Internaet: seabird@seabird.com

SEMSOR SERIAL NUMBER ="808" TEMPERATURE CALIBRATION DATA
CALIBRATION DATEmlidsPeba01s ITS90 TEMPERATURE SCALE
ITS-% COEFFICIENTS IFTS-68 COEFFICIENTS

g = 4.34511387e-03 a = 3.679P843Be-03

h = B6.4464%6032-04 b= £.024B87B4a-04

i = 2,32791524e-05 ¢ = 1.63217B29&-05

j = 2.17789379e-06 d = 2.17945242&-06

£, = 1000.000 f, = 2912.686

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
(ITS-90 *C) (Hz) {ITS-90 *C) (ITS-90 *C)
-1.4020 2912.686 =1.4020 -0.000602
1.1064 3080.329 1.1064 G.00004
14.5297 3325.277 1.5997 G.00001
8.1974 3591.8723 8.1973 -0.00007
11.5315 3862.289 1..6315 -4.00001
15.1885 4153 .028 15.1886 0.00008
18.6926 4456.395 18.6926 0.400001
22.1918 4774.526 22.1918 ~0.00003
25.7525 5114.166 25,7525 -0.00002
29.1672 5£55.263 29.1672 -0.00001
32,7000 5824 .319 A2.7000 0.00002

Temperature ITS-90 = 1fg + hifn(f 0] + i[0a (00 + jIfa* 0 01) - 27315 (*C)
Tempersture IPTS5-68 = 17a + blfﬂ{l’un':l']] + clfn'{fuﬂ'}] + dlfn"{!l'n,.l'!'}jl -273.15 (*C)
Following the recommendation of JPOTS: T, is assumed 1o be 100024 * T, (-2 10 35 *C).

Residual = instrument lemperature - bach temperature
calibration delta T
e el b date imdeg ]
i 20-Jul-Dbs -0
£ 13-Feb-D1s 0,0

0.0200 | ‘ S— - e

.m0 —m™m™m 3 L e L
RESIDURAL

{degress C)

i
i
i
®
@
o

0,000

—@

00100 ¢ —- . - -

@_
-0.02300 — i —— ——— e —— it

-5 q 5 19 15 20 25_ : o . 35

TEMPERATURE (Dogress L) . e

-}
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Data Report for NBP0104

RVIB Nathaniel B. Palmer

Conductivity

SEA-BIRD ELECTRONICS,

Washingtan

1808 136th Place M.E.,
Phone: [425) 643 - 9866  Fax: (425) 643 - 99654

SEMSOR SERTAL NUMBER —sgBEpe

CALIBRATION DATE b

GHI COEFFICIENTS

g = -4.01117657e+00

h = 5.12546273e-01

1= -6.99560953e-04

j = 6.25B15267e-05

CPcor = =9.57e-08 (nominal}

CTecor = 3.25e8-06 [(nominal)

BATH TEMP BATH SAL BATH COND
{IPTS-68 ) {PSLI) (Slemens/m)
0.0000 Q.0000 0.00000
=1.4420 35.3110 2.80288
1.017% 3%.3098 1.01560
1%.1713 i%.3104 &, 34237
18.6473 35,3086 4.69106

2%.0551 15,3072 5.11876
12.6126 15.3025% 6.16250

Conductivity = (g + bf + ir® 4 j:l"].fﬂn[l 4 M 4 epi] SiemensSmister

Ballevia,

98005
Imtar net: seabird @seabird. com

INC.

usa

CONDUCTIVITY CALIBRATION DATA
PS5 1978 C(35,15,00 = 4.2914 Siemens‘meter

ARCDM COEFFICIENTS
A = 8.39979738e-07
b = 5.10029%80=-01
¢ = =4 002755952+00
d = =-7.97220076e-05

m = 5.3
CPcor =

INST FREQ
{kHz)

]

O D O ) b

.8015%1
.91886
LATE9G
LE2305
.97512
.98252
31576

Conductivity = {af" + I:lfz A ¢4 dt) S 1000 + ep)] Sicmens'meler

1 = lemperaure |deg CJ; p = pressure [decibars]; & = CToor; ¢ = CPeor;

3
4
4.
5
[
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Transmissometer
.m_w a_. e —— . T — {5‘1} m_m
620 Applegate S, Face (541) 829-5277

Philomath OR 97370 WETg j Lq bs Fittpcdiwww, wetlabs.com

C-Star Calibration Sheet
Date: UL IRAY
Cuslomer: BESS
Serial Number:
Job Number: 0102007
Work Order: 01A
Va=V dork 0.05%9
Vae™ V out in air 4,827

Vear = ¥ out in water 4.737
Calibration Temperature 25,6
of water

Ambient Temperature 157

%% Transmission = {V‘-\-")l’ﬁ-"”r\-"_}

Tr = t—tl

To solve for the attenuation coefficient ¢ in units of m™ use the following equation

€ = =1z (In(V - V)l (Vrur- V)

For further information on these calculations please see C-Star User's Guide, Section 2.

Temperature Error: 0,02% F.5.°C

NOTES

e (Va)—analog output of the instrument with the beam blocked. This is an instrumental
offset,
{ Ve )—analog output voltage of the instrament with a cleared beam path,
{Vrer)>—analog output voltage of the instrument with clean H;O in the path
{Calibration Temperature of water)—temperature of the clean water used to obtain
Vor.

* (Ambient Temperature}—temperature of the instrument during the calibration
procedures

*  (Vug)—moasured signal voltage of the C-Star.
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Fluorometer

Chiwrephyll Fluorometer Calibratian

Date: 2o
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NOTE: To Calculate ug/l chlorophhyl flucrescence from YoHlage:
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Optical Plankton Counter
APPENDIX E - SYSTEM INFORMATION

Model: OPC-1T Optical Plankton Counter
~Berial#: . TOWO31'

Max. Depth: Housing 1004 m, Depth Sensor 660 m

Housing: 6061-Té Aluminum, PVC

Mass: 19 kg (including sensors)

Firmware: 216-1004-00 A

Software: 216-0403-02 F

OPTIONS

OPC Power: OPC Power Connector: Impulse XSG-2-BCL
Meodifications to OPC Power Flate Wiring (216-0230-00)
ASA OPC-1T Test Cable {216-0236-00)

Depth Sensor: Omega PX603-1K G5V Pressure Transducer
0 - 1000 psi, Sealed Gauge; 1 -5 VDC Output
8/N 60301482
Moedifications to OPC Power/Data PCB (Schematic 216-0220-05)

Flow Sensor: General Oceanics Model G203 1H Electronic Flow Meter
Standard Rotor (0.1 - 7.9 m's mnge)
SN B15198 -
Modifications to OPC Power/Data PCB (Schematic 216-0228-00)
Muodifications to GO2031 Hamess (Schematic 216-0232-00)

Interface for Wetlabs WETStar Fluorometer:
.. Modifications to OPC Power/Data PCB {Schematic 216-0224-00)

OPC-WETStar Jumper Cable (Schematic 216-0237-00 )

Interface for Seabind SBE1D:
Modifications to OPC Power/Data PCB {Schematic 216-023 2-00)
OPC-SBEIY Jumper Cable (Schematic 216-0227-00 )

OPC BEAD CALIBRATION (Average of 10 trials, Nylon beads)

.

Bead Diameter (mm) Measured Diameter {mm) Error
1.588 1.634 +3%
2,381 2.430 +2%
3.175 3048 4%

System configuration specifications supcrcede those listed on data sheets. Subsequent OPC
modifications may void the above information.

August 1, 1996

— SEE B of Fhege AL AdAITIRNRL  IMFe —
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