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Introduction

The NBP data acquisition systems continuously log data from numerous instruments throughout the
cruise. This document describes the format of that data and its location on the data CD distribution. 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 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 archive called NBPO105.tar. 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 Windows9X, 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.
NBPO0105.tar was 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:

Volume 1 Volume 2
ctd_misc/ autosal.tar adcp/ pingdata files
bottle.tar config files
cfgs.tar imagery/ TeraScan satellite images
preproc.tar ocean/  0105ctd.tar
geopdata/ 0105jgof.tar 0105puv.tar
0105mgd.tar 0105pco2.tar
interim process files 0105tsgf.tar
NBPO0O105.trk 0105xbt.tar
NBP0105.mgd rvdas/nav/01053df.tar
NBP0105.gmt 0105adcp.tar
other/ 0105moc.tar 0105gyr.tar
0105AWS .tar 0105ngl1.tar
plots/ Cruise Plots 0105PCOD.tar

report/ Data Report
rvdas/uw/ 0105knud.tar
0105fIr.tar
0105grv.tar
0105met.tar
0105pco2.tar
0105sim.tar
0105svp.tar
0105tsg.tar
0105bwnc.tar
0105pwnc.tar
scirep/Daily Cruise Reports
utility/ WinZip




Distribution Contents

ADCP
/adcp

The ADCP data set is broken up into files, one for each day, representing 24 hours of data collection.
The files are named pingdata.xxx (xxx representing a day number). Note that these extensions do NOT
represent Julian day numbers. Please refer to the file’s creation date.

Some ADCP data is also transmitted to RVDAS. East and North vectors for ship’s speed relative to the
reference layer and ship’s heading are archived in the navigational data section of RVDAS.

CTD
/ocean/0105ctd.tar
/ctd-misc

The ctd data has been placed in the tar file ocean/0105ctd.tar, which contains the tar files 0105proc.tar
and 0105raw.tar, representing the processed and raw data sets respectively. The ctd_misc file contains
additional files provided by the cruise’s CTD Technicians.

Cruise Track
/plots

Two PostScript cruise track files have been produced for this cruise: 0105.ps and Small_0105.ps.
0105.ps is poster-sized (36” x 40”) and Small_0105.ps is standard US Letter sized (8.5” x 11”). A GMT
cruise track file (0105.1rk) is also included, which contains the longitude and latitude at one-minute
intervals extracted from the 0105.gmt file. JPG formatted versions of these maps are included as well.

PUV - GUV

/ocean/0105guv.tar

All files are placed in ocean/0105guv.tar. GUV data was acquired continuously from the instrument
mounted on the top of the science mast.

The GUV files were converted to CSV format using the Biospherical Instruments’ PUVPROF program.

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 two folders ice and wx for the different
types of TeraScan products. Files were named in the following convention:

IDJJJAYY .jpg where:

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

JJJ = Julian day

YY =year

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

Science Report
/scirep

The weekly science reports in MS Word format.

NBP Data Products: MGD77 & JGOFS

NBP0105.mgd
NBP0105.gmt
/geopdata/0105jgof.tar
/geopdata/0105mgd.tar
interim processed files

Two data products are created on each NBP cruise: JGOFS and MGD77.

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

11 sea surface conductivity siemens/meter




Field Data Units

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 NBP0105.mgd, There is also
a file named NBP0105.gmt. This file is the output of the mgd77togmt utility using NBP0105.mgd as input.
The “gmt” file can be useful for plotting data using the GMT plotting package. The directory
/geopdata/0105mgd.tar 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
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

1 = 1% or leading sensor; 2 = 2™ or trailing sensor; 9 = Unspecified




Col Len Type Description

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 usable 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 met1 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

PhotoActive Radiation | met1 continuous 1 sec BSI QSR-240

GUVv continuous BSI PUV-511
Navigational Data

Measurement File ID Collect. Status | Rate Instrument

Attitude GPS 3df1 continuous 1 sec Ashtec ADU2

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 not collected 10 sec LaCoste & Romberg
Magnetometer mag1 not collected 15 sec EG&G G-866
Bathymetry knu1 continuous Varies Knudsen 320B/R

Bathymetry sim1 depth <2500 m | Varies Simrad EK200 Sonar




Oceanographic Data

Measurement File ID Collect. Status | Rate Instrument

Conductivity tsg1 continuous 6 sec SeaBird 21

Salinity tsgfl continuous 6 sec calculated from conductivity
Sea Surface Temp. tsg1 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 RDI Instruments

Data File Names and Structures

RVDAS data is divided into two broad categories, Underway and Navigation. The groups are

abbreviated “uw” and “nav”. Thus, these two subdirectories exist under the top-level rvdas directory. The

instruments are broken down as shown. Each data file is g-zipped to save space on the distribution CD.
Not all data types are collected every day or on every cruise.

RVDAS data files are named following the convention: NBP[CruiselD][ChannellD].dDDD.

e The CruiselD is the numeric name of the cruise, for example: NBP0105.

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

* DDD is the Julian 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

Knudsen knud

PCO, pco2

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 delimiters 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.

Sample of data strings...

bat1
00+019:23:59:53.901

;104485.3ME-23.0,100000.0,-99.9,

MO4 SB3 POO TX1 TR: GM5 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 and time 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 frequency 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 anemometer Speed (relative) m/s

3 Port anemometer Direction (relative) deg

4 Port anemometer standard deviation deg

5 Starboard anemometer Speed (relative) m/s

6 Starboard anemometer Direction (relative) deg

7 Starboard anemometer 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 (photosynthetically 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 Velocity in ECEF Z m/sec
13 Number of satellites used

14 Site name

15 PDOP

16 HDOP

17 VDOP

18 TDOP

ATT: 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 Status 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 degrees

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 unused

xbt

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?

raw data = mV

calibration scale = 8.20 x 10°° V/(W/m?)
data mV / (scale x 10° mv/V) = W/m?
or

data mV x 121.6 (W/m?)/V = W/m?



NBP0105 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
Mast GUV BSI PUV-511 9228 6/26/01 collect
Pyranometer Eppley PSP 32850F3 2/9/01 collect
Pyrgeometer Eppley PIR 32845F3 2/22/01 collect
P-Code GPS Trimble 20636-00 (SM) collect
Attitude GPS Ashtech ADU2 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 Knudsen 320B/R collect
Bathymetry Bathy 2000 not collect
NBP0105CTD 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 Sensor SeaBird model 3plus 6800m 2186 7/20/00
Secondary Temperature Sensor SeaBird model 3plus 2168 8/20/99
Primary Conductivity Sensor SeaBird model 4-02/0 040926 9/19/00
Secondary Conductivity Sensor SeaBird model 4C 042513 9/20/01
Dissolved Oxygen Sensor SeaBird model 13-02-B 130490 9/14/00
Dissolved Oxygen Sensor SeaBird model 13-02-B 130295 7/21/00
Transmissometer Sea Tech 25cm 207D 6/21/01
PAR Sensor QSP-200L 4361 6/27/01
Fluorometer Chelsea model MK Ill Aquatracka | 088080 7/16/01
NBP0105MOCNESS 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
Temperature Sea-Bird 3+ 3P2438 2/14/01




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 factors 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
253:00:00 Start of Data collection at 200 mile limit.
254:19:00 254:19:20 Seawater pump off (tripped).
255:08:30 255:12:30 Seawater pump off (tripped).
258:10:00 258:10:37 Ashtech GPS crashed.
263: During the last port call, Colm Sweeney modified the serial output of
the PCO2 instrument. The script that merges the PCO2 data with
JGOFS and Eng DAS data wasn’t properly handling the new data
format. Script was modified, and all prior PCO2 data (from this cruise)
was reprocessed.
263:02:30 263:03:00 Shock cords on the gravity meter were adjusted.
265:02:55 265:06:02 Found TSG power switch turned off. No TSG data during this period.
Turned TSG power switch back on.
266:09:55 266:10:05 Seawater pump off (tripped).
267:22:02 267:22:15 Seawater pump off (tripped).
268:22:30 268:23:00 Seawater pump off (tripped).
280:19:00 280:19:30 Knudsen low frequency (3.5 KHZ) transmitter board died. Now
running Knudsen at 12 KHZ.
281:02:05 281:02:30 Seawater pump off (tripped).
281:08:31 281:13:37 Knudsen 12 KHZ off during CTD cast.
281:15:10 281:23:37 Knudsen 12 KHZ off during CTD cast.
282:01:34 282:23:37 Knudsen 12 KHZ off during CTD cast.
285:23:00 286:00:21 Knudsen 12 KHZ off during CTD cast.
289:15:20 289:18:29 Knudsen 12KHZ off during CTD cast.
288:22:00 290:02:45 NGL computer froze up without warning. No NGL data collected
during down time.
290:22:27 291:01:24 Knudsen 12 KHZ off during CTD cast.
292:21:07 293:09:00 Knudsen 12 KHZ off during CTD cast.
292:19:30 292:19:45 Seawater pump off (tripped).
295: 295:16:47 Knudsen 12 KHZ off during CTD cast.
296:06:50 ADCP: turned bottom tracking off to cross the Drake.
296:05:00 Knudsen crashed. No Knudsen data for next 24 hours.
296:16:00 296:18:00 Reset Ashtech after system hung.
297:04:52 End of data collection at 200 mile limit.
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Calibrations

The file instrument.coef, located in /reports, contains the calibration factors for the shipboard instruments.
This file is used by the RVDAS processing software.
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Data Report for NBP0O105 RVIB Nathaniel B. Palmer

TSG CALIBRATION FILES

Underway Conductivity

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 LUSA
Phone: (4261 643 - 9866 Fox: (425) 643 - 9964 Internet: seabird @seabird.com

SEMEOR SERTAL NUMBER =oR&3s COMDUCTIVITY CALIBRATION DATA
CALIBRATION DATResifsPebsibn - PES 1978: C{35,15,00 = 4.2914 Siemens/meter
GHU COEFFICIENTS ABCDM COEFFICIENTS
g = -4,0572435%7e+00 a = 4,78926301e-02
h = 4.84226382e-01 b = 4.323688272-01
1 = 1.14515552e-03 o = =4,04137716e+00
i = -2.840054192-05 d = -1.,123060860-04
OPcor = -5%.57e-08 [(nominal} m= 2.1
CTcor = 3.25e-06 (nominal) CPocor = -9.57e-08 (nominal)
BATH TEMP BATH 5AL BATH COND [MST FREQ INST COND RESIDUAL
(IT8-90 °C) (PSLT) {Siemens/m) {kHz) (Siemensdm) {Siemens/m)
22.0000 D.oogo 0.opaog 2.88550 0.00000 0.0a000
1.0001 314.6653 2.96429 8.27829 2.96430 0.,00001
4.4599 314 .6654 3.2T188 A,64565 31.2718B3 =0, 00005
14,9299 14,6641 4,.25454 3,.736845 4.25493 a.a0009
18.5000 14 . 6631 4,.60023 10.07823 4.60024 0.o00001
24 .0000 14 .6604 5,.1579% 10.62162 5.15733 -0.040006
28,9995 14 . G55HR 5.67858 11.10502 5.67893 -0.00005
32.4998 14 .6481 G, 04955 11.43675 E.D5000 0.00005
Conductivity = (g + hi® + if> + £/ (1001 + &t + ep)] Siemens/meter
Conductivity = (af"+ b2 + ¢ + dt) £ [10{1 + ep}] Siemensimeter
i = temperare [deg C; p = pressure [decibars); § = CTeor; ¢ = CPeor;
Residual = {instrument conductivity - bath conductivity)  using g, h, |, j coefficients
calibration slope
a.0080 . - S — i} date carrectian
[ ] @ | @ em-oer-9B 0.F9EETE
| = 07-Feo- 1. 000000
e ®
0.0020 o
i o]
RESIOUAL |
(5/mi !
v.op00 49 e ———— 8- —1eo—a0
I |
|
R REIF
00040 — =
0 1 2 3 & 5 &

CONDUCTIVITY {Slenens/mecer)

Underway Temperature Sensor
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Data Report for NBP0105 RVIB Nathaniel B. Palmer

'SEA-BIRD ELECTRONICS., INC.

1BO8 136th Place N.E., Bellevue, Washington 98005 USA
Fhonae: [425) 6432 - 9866 Fax: {425) 643 - 9954  |nternat: saabird @seabird.com

SEMSOR SERIAL NUMBER s TEMPERATURE CALIBRATION DATA
CALIBRATION DATESORFsh= IT5-90 TEMPERATURE SCALE
IT5-%) COEFFICIENTS IPTS-6R COEFFICIENTS

g = 4£.240896327e-03 = 3,.64763319e-03

h = 5.99514049e-04 b= 5, B4B4331Ee-D4

i = 4.BE335043e-06 C = 9.941463R4e-06

j = -L.B766T7318e-06 d = -1.67615257=e-08

£, = 1poo.ooo £, = 2720.016

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL
{TTS-00 “ (%) Hz (ITS-90 * (ITS-90 °C)
1.0001 2720,016 1.0001 0.a00p03
4.4953 2942, 848 44958 ~0.a0007
14 .9959 AEH9.140 15.0002 0.00a25
18,5000 1585.047 1E.4%97 -0.0003s
24 .0000 , 4427.621 24,0002 0.0001a
28,9399 4879 8159 28.9994 -0 00006
32.4998 5214 .974 32.4994 000002

Temperaturs ITS-H LH{E + hiEm(/f)] + i[ErNT D) + j[EaNy0]} - 27315 (*C)
Temperature IPTS-68 l-'[n += h[E'Jt[f‘_,.l'ﬂ] + clfn’fl’l.r"ﬂ] + |:I|Err‘(l"nJ'ﬂ]} - 27315 (*C)
Following the recommendation of JPOTS: Ty 15 ansumed o be 100024 * T, (-2 to 35 *C),

Residual = instrument lemperaiure - bath temperature
col ibrationn  delta T
00200 — S date Omedeg C1
[ 2B-Dct- 98 1,01
07- Fab- b -b.00

O@

L — —

RES1OUAL |

(Degrees C)

|
b, Oan |E g ] % S

]
i

0,000 ————

=0. 0200
= 1 15 0 23 an 35

TEMPERATURE {Degress C}

%]
(= R
v
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Underway Remote Temperature Sensor

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 = 4.27987204e-03 a =

h = 6.19581534e-04 b =

i = 2.06356990e-05 c =

j = 1.60635055e-06 d =

f, = 1000.000 f, = 2715.661

BATH TEMP INSTRUMENT FREQ INST TEMP
(ITS-90 °C) (Hz) (ITS-90 °C)
-1.4022 2715.661 -1.4022
1.1071 2877.328 1.1072
4.5999 3113.969 4.5999
8.1982 3372.323 8.1981
11.6315 3633.030 11.6314
15.1880 3918.156 15.1881
18.6926 4214 .514 18.6926
22.1918 4526.070 22.1918
25.7512 4859.455 25.7512
29.1661 5195.287 29.1660
32.6976 5559.429 32.6976

Temperature ITS-90
Temperature IPTS-68

-115;(;7' Lﬁg4q,vx&3)
.

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

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




Data Report for NBP0O105 RVIB Nathaniel B. Palmer

Underway Transmissometer

C-Star Calibration Sheet

Date: danuary 2, 2001

Customer: National Science Foundation
Serial Number: CST-422PR

Job Number: 0012016

V=V dark 0.058

V=V out in air 4.869

Ve =V out in H;0 4.765

Calibration Temp of Hx0 251
Ambient Temperature 250

% Transmission = (Vay-Va)(Ver Vi)

Tr=e¢"

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

e =-1/x (In{ V-V V.- ¥4))

For further information on these caleulations please see C Star Users Guide section 1.

Temperature Error: 0.02% F.5./°C

MNOTES

* (V4 )is the analog output of the instrument with the beam blocked. This is an
instrumental offset

(V. ) is the analog output voltage of the instrument with a cleared beam path

(Vs ) is the analog output voltage of the instrument with clean HaO in the path.
(Calibration Temp of Hy0) is the temperature of the clean HyO used to obtain Vo,
{Ambient Temperature) is the temperature of the instrument during the calibration
procedures.

* [V 15 the measured signal voltage of the C Star.
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Gravity Tie

Date:
Location:
Station:
Latitude:
Longitude:
Elevation:
Gravity:

Gravity Tie Spreadsheet

The fields outlined in BOLD MUST BE FILLED IN for this spreadsheet to operate properly.
The automatically calculated values show up in the shaded fields.

9/3/01

Punta Arenas, Chile
Harbour Admin. Bldg.
5309 S

070 55 W

981320.82

Ship's meter before gravity tie (Digital Gravity)

Ship's meter after gravity tie (Digital Gravity)
Average

Ship Gravimeter's Calibration Constant
Corrected ship's meter (Digital Gravity)

Ship's meter before gravity tie (serial, RVDAS)

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

Portable Gravimeter Correction Divisor

Station

Pier measurement 1
Pier measurement 2

Pier measurement 3
Average

Station measurement 1
Station measurement 2

Station measurement 3
Average

Pier measurement 4
Pier measurement 5

Pier measurement 6
Average

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

Reference Code Numbers:
Station no.  9337-50
ISGN no. 51230N

Value Time (GMT)

8941.9 13:49

8941.6 15:48

1.0046

Value Time (GMT)

8983.1 13:47

8982.8 15:48

1.007937
Value Time (GMT) Temp Date
OBS mgal,
4902.70| 14:21 54 C September 3, 2001 | 2averaged
4902.69 14:28 54 C September 3, 2001
4902.68| 14:31 54 C September 3, 2001
OBS mgal,
4903.34|  14:56 53.5C September 3, 2001 | @veraged
4903.34 14:58 535C September 3, 2001
4903.34 15:00 53.5C September 3, 2001
OBS mgal,
4902.66] 15:19 535C September 3, 2001 | 2veraged
4902.68 15:21 535C September 3, 2001
4902.70 15:22 53.5C September 3, 2001
Gravity offset from last tie 972336.26
Drift since last tie
Comments
Gravity tie done by Romeo LaRiviere
0.0
0.3




Meteorology System

Met Anemometer (Port)

| R. M.

YOUNG COMPANY WIND SENSCOR CALIBRATION CERTIFICATE

SEN3OR:

BEME0R SERIAL NUMBER:

BEREINGH:

DATE:

WIND SPEED THRESBOULD TEST:

WIND SPEED ANPLITUDE/FREQUERCE TEST:
WIND EPEED ANPLITUDE/FREQUENCY TEST:
YAREL IDRQUE TEET:

SFECIAL ROTEN:

SFECIAL NOTEE:

HIGE

AZIMSTH POSLT UM

05106 WIND HONTITOR—MA
WHiEZ6d

BEALED /HATERPRODOF CRERSE
APR 11 2001

BREE

PASSE

PAES

PAES

40U UESPEE SEAOBAND

+.0 :
E:-—
-'Z'E 5
[ ] -
LLE : :
“L0 e —— e ittt i s T P U Ut Sy U S,
5o : : :__ . H . .
U0 40 &0 22 o0 120 140 a0 1en 200 AU @90 250 2E0 300 3E0 34D 3dD
MO -Suei DOCRCCS AE L, ULEEHEES
B AZIMJTH POZITION w= ACCURACY
+3.0 ; ;
=
52
SE paf
oo
.ag
T e e e el e e DT P S L L L T PR I B ——
_ : : - : : : : : : : :
b—'-‘.lllllll"| T ?I-|--|- t T T T | LI B B B N S e e B I
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Data Report for NBP0O105 RVIB Nathaniel B. Palmer

Met Anemometer (Starboard)

R. M. YOUNG COMPANY WIND SENSOR CALIBRATION CERTIFICATE

SENSOR: 05106 WIND MONITOR-MA
SENSOR SERIAL NUMBER: WM46263
BEARINGS: SEALED/WATERPROOF GREASE
DATE: APR 11 2001
WIND SPEED THRESHOLD TEST: PASS
LOW WIND SPEED AMPLITUDE/FREQUENCY TEST: PASS
HIGH WIND SPEED AMPLITUDE/FREQUENCY TEST: PASS
VANE TORQUE TEST: PASS
SPECIAL NOTES:
SPECIAL NOTES:

AZIMUTH PORITION ws ACCURACY

POSITION
RCCURACY

0O 20 40 &0 B0 100 120 140 160 180 200 230 240 260 280 300 330 340 3e0
MiN: —0.77 OEGREES NAXs 1.07 DEBREES

AZIMUTH POZITION ws ACCURACY

+E.0
8 i e
';g oot Ll P T “\h ..... it s o i SO L, Lo G e e e T
00 : H : 1 S H H H H H . :
o0y ' ' i ' '
..1‘2 |
s c . ]| SO SRR R RN RS 5PN S5O T S =< . S SRy o
B B e B B o e |
360 381 3\2 3E3 3M4 A0S 30 367 LS 3|3 0 1 2 3 4 85 & F B 1 1

1.76 DEGREE DEADBAND

HOTE: Arimith Position vs Accuracy graphs are accurate to within 0.5 degress. The sccurscy shon 1n the
potentioneter deadband region between 355 and O degrees is the result of ra resistance change while
position chanpes. The gap represerta the mctusl deadbard (open cireuditl.
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Met PIR

THE EPPLEY LABORATORY, INC.
12 Shetfield Ave, PO Box 419, Newport, RE 02840 LUSA
Telephone: 401-847-1020 Fax: 401-847-1031

Seienlife Insbrumenls

Ermail: cplah@maﬂ.btumtmm Intermet: mq’Flleﬁh-mm for Precssan dMeasurements

Since 1017

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER
Model PIR

Yot

Serial Wumber: Gt

Resistance: 739 £ at 23 °cC
Temperature Compensation Range: -20  tg 40 oz

This pyrgecmeter has been compared with Precisicn Infrared
Radiemeter, Serial Number 29%326r3 in Eppley’s EBlackbody
Calibration System under radiation intensities of approximately
200 watts meter? and an average ambient temperaturs of 24°C.

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

4,13 % 107" wolts/watts meter™

The calculation of this constant is based on the fact that the
relationship between radiation intensity and emf is rectilinear
te intensities of 700 watts meter™. This radiometer is linear
to within +1.0% up to this intensity.

The ealibratien eof this instrument is traceakle toe the
International Fractical Temperature Scale (IPFTS) thraugh a
precision low-temperature blackbady.

Shipped to: Date of Test:GEETEECETR 3
Hational Science Foundation op

Port Heuneme, Ch in Charge of Testrjﬁf?iéég;,ﬂaﬂh_

2.0, MNumber: 58376
Date: Mareh 1, 2001 Reviewed by: {m%

Remarks:

‘_
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Met PSP

THE EPPLEY LABORATORY, INC.
12 Shelliels Ave, P.O. Box 418, Newporl, Al 02B40 USA EPLAB

Tewphona, 401-B47-1020 Fax: 401 -847-1001

Ezwntilic Insirumants
i FrEcision Medsursmenss

STANDARDIZATION Al
OF
EPPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP

Serial Number: 3Z2850F3

Registance: 706 I at 231 °C
Temperature Compensation Range: —20  to U] =

Thias radiometer has been compared with Standard Precision Spectral
Pyranometer, Sarial Humber 21231F3 in Eppley's Integrating
Hemisphere under radiation intensities of approximately 700 wakks
meter * {roughly one-nalf a soclar constant]. The adopked calibration
temperature is 25 FC.

AB a regult of a geries of compariscne, it has been found to have a
sensitivity of:

& :
8.20 % 10°% volts/watts meter ® = g.aox [0 %’r
—_— i
1

5.72 millivolts/cal em'® min

The calculation of this constant ise based on the fact that the
relationship between radiation intensity and emf is rectilinear to
intensities of 1400 watte meter ®. This radiometer is linear to
within 4+ 0.5% up to thie intenaity.

The calibration of this instrument is traceable te standard self-
calibrating cavity pyrheliometers 1n Eterma of the Systems
Internationale dea Unites (5I unitse), which participated 1n the
Eighth Internaticnal Pyrheliometric Compariscns (IPC VIIIY atc Daves,
Switzerland in October 18985,

: -d yo -1
Useful conversion facte: 1 cal om ™ min

= £97.3 watta mEtE?J
1 BTU/EE?-hr™!

= 1.151 watts meter ’

Shipped to: . Date of Teat: February %, 2001
Hational Science Foundatiaon
Port Hueneme, CA In Charge of Teﬂcriz?:i}é;;+ﬁdhﬂ__
5.0, Number: 58376 ———
Dake: March 1, 2001 Reviewed by: || IJLU'U-LWB "'l,lu'-J'
oy
Remarks
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Met GUV

i Blospherical Instruments Inc.
Calibration Certificate for/GUV & PUV Radiometers
Sarial Membar] 1228 | Instrumant Mocst: PLIV-S114 Diale Solar Dala Procss sed ! SR2UET
Solar Calib m Daken: DRZ40T (o ORIZSTY Salar Referance GUW{s|; £250
Lamy Calibrailon Daber QUE01 Solar Ant Gal Faotor Yerslan; 1
Cranae o Ingirureaed Bgthean Salsr Calibrailon at San Dlego, Ca (BSI)
Data Analyretie): JSR Gareral Commanis: Standard Calibratlon

A ncde bo e end-user, Instrument cadbeation is easily as important as instrument deploymant, but it is
offan cverooked. This docurment has besn prepared fo help explai the conditions wnder which the dif-
farent sansors in your instrument have bean calibated. Pleass read this information carafully and com-
pletely. If you do not understand a calibralion facior, please feel frae 1o contact the factory far @ more
detailad explanaton.

GUY radiometers are precision, termperature-condrolled filber radicmaters desighed for lang tarm mani-
toring. PUW-510 Reference Ultraviols! Radiomaters are designed 1o provide the abowve-walar countar-
part to the PUY-S00 providing fst and accurate measuremants of solar LUV in the water column. Both of
thess series ol Instrumants are calibrated in fwe different ways: “lamg calibrations”™ and “solar calbra-
tiane,” The more farmdéar lamo caliseation is performed in our lsboratory using & NIST-Amceable 1000
Wall FEL-type Standard of Spaciral Imediance and the mathods described in National Bureau of Stan-
dards (US) publications 584-13 and 250-20. This standardized procadure gives good accumcy wien
calibrating the PAR visible channal and s usaful in indicating if channel sanaltvites have changed over
fime, Lamg calibrations are problematic for solar UV measurements bacause the solar spectrum is radi-
cally differant fram the lamg spectrum and changes grestly as a function of wavelength. Solar caligra-
flons are achieved through dimect comgarnisan wilh "raference” GUVs [RGUVS) using the sun as the
source of iradlance. These RGLUWS ar, in twn, calibrated theough confinuous iMercampanson with a
Pigh resolubion scanning spectroradiomedar in San Diego (SUV-100) that is part of & wond-wide UY
manitoring nabaark.

As 8 result of our calibralion research, we heve now standardized on soler callbrations for the U ehan-
nels while retaining he raditional lamp-tased catiwation for PAR, It is important to nate that the sclar
calibration procedurs automatically takes Into accound the speciral bandwiath of the detectors and
{harafore repart the irediance as a 1nm wids rangular bandpass centared on the nominal wavelength,

Caveats, The mference instruments used at Biospharical are "GUWV model radiomsaters that are tem-
peraturs condrolled and equipped wilh coslne collectors optimized for use in alr. Years of GUPY sclar
calibration axperiance have shown the procadurs 10 be mbust, acourats and reproducitie for generlized
GUW calibrations, PUVs ane not temperature stabllized. a facior adding uncertainty be GUVIPLY calibea-
fion ransfers. We are mcommending (hat researchers use the solar calibration constants.  Generally,
thase affacts are wall balow 1he 10% uncertainty level. For a more detailed discussion, sea Booth et al,
{1884) Errors in reporting of solar imadiancs using moderate bandwidth radiamasers: an axparimentat
Investigation. SPIE Vol. 2248 Ocean Oplics Xl B54-653.

Mate: These calbvation documants #so apaly (o the "GTR varanf of e GLUY instrumants.

UV Irradiance Channels Callbrated Using Solar infercomparison

ROM Tag Haminal InHisl Offset Seabs Fachos in

Nurntser Cht Waveisngih [rew) |Walis| i Rasulting Units
M 2 aos 081948 08510 widdiem® nm|
Hi& & B -0, DS ol AT widdiem® nm|
M 5 40 -0,083a0 A Jevicmnm|
Hi& ] ian «0,00229 05 Wiz nm|

fWole Lings S (he Scake Faotors s VolsuWedsm 7 nmi, The nins' ofGeis shown d0ove resited fom Gur rod iy ifacomoansons and mey

shouid be rpomtsmisien STar Ma hisfeanan A i ds Al nsmYalon siice Mo o a) 295509 Andven e @ soTemar wmg dhiang

Raytheon Polar Services 30 United States Antarctic Program



Data Report for NBP0O105 RVIB Nathaniel B. Palmer

Standard Lamp Calibrated Chanmnels |PAR) Eanal Musrher DEIS i

Ml Imblisl Offsat  Goads Faciar in
FCH Tag Mumber Che Wauslength (nmj |¥ahs| Aar Aesuliing Unils
Loy | PR NI =0 8a1e = T T
L Rafareccs [ RUE U RS ]

Uitz far the Scaie Fackars ans Yoy plingteeaizm wee)l
Prasiomyriherssaly Active (o Avadabie) Rasdizion [FAK), i our insinm e, PAR is raasuned over the specirl region from 404 o 7960 nm
using sansors with & comsian quartum respansa |respends equally o all wavelongihs). nemarams am avaslatle am Blaiphercs miscne
ol o ciffarend Imadiance sepsureman peameries. The PAR channal in e PLY measims (plane] dosmeellieg imdisnce. 24 PSRy,
et 18 T assrassind |iradleros inaidert on @ el serfaos of uil e The s ement ina PLV-500 is made wih 8 “cosine® collsciar
aptimized for uss undersoter. Ths GUW and PUY-E10 ol s uses cosine oollecions, b oplismised Far uss inaln, For this resson, S
cnmparisons of PUY-800 with PUV-810 or GLUY-811 instnarsims am dMcui

Ed[FAR) 15 cften corfuiad with pcalar Fadiascs, S0 (PAR), wisch B & M of the maancs s imegratsd from ol dimection nodet
on @ poit in space, &8 wsed by tha PRF-300 Manural Fluoromator. Dowrsssling PAR brad laccs will aleiys b lai ihan e scalar AR
i nakial agualic condion,

Flaass nesa Sl tha PUY i calbraied 1 e’ s, dMarsncs in ama unt rom e PAE (om, nalm).
Thig channal i3 colbraied vy @ sianaan lama

[Instrument Dlagnesiic Channels

ROM Tag Murkai Chit ¥ mria blle [l %] Scale Facior driginal Valus  Resulbng Linta

WA T Groand o i 0000220 viohs
Mo, Thess cannals am nof noTnaty ised i da anseE i am sasiatis for mermtonn g nsrant peromacee. e for mondoning fang mm
CAnQES 7 M@ Slsermnes. The SNl @ Mess Cswe 5rE nasmaiy sniamd with OWanl s 0 sl Soabe s 1 Oround chivemiis o fe 0mevinal
AT Sdrerrdl KAt Ml (aaineme, nad M refaric valage 8 used’ 1 mostor the paromance of A analog In digfal caneeien. The atapes
shoven sp ol calfimiiog farfors. Sof Msy ant M wilses &8 Mo ime of ih i il far O
Tamparature

0N Tag Humbar S Fusedhai Offset Scals Facior  Aewulting Unils
Detecior Aty
P, 1 TEmipararing L] oot "C
El i §

Fua 1 Temperature -] o T
Wota: "Defacior Amay Tempananm eoxmy (he Mroaaie o e deleconiWn armay. ¥ G poashile 1o usa dale fom mis o comganeale for me
[ Le W[ Sl AR AT e Sk LS CovTLETRRAGN 9 Aol Ll ]
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Met PAR

Biospherical Instruments Inc.

CALIBRATION CERTIFICATE

. Calibration Date RS0
Model Number QSR-240
Serial Number B3EE
Opearator TPC
Standard Laimp 94532(03M13/98)

Probe Excitation Vollage Range: 5 o 18

DO MNOT Lo oy
Biospherical Insiurnenis ne,
CALIBRAT 1wid Uw, A

e e

Output Polarity: POSITIVE

Probe Conditions at Calibration{in air):

Calibration Valtage: ] VDT

Probe Cument: 1.1 M

Probe Culpiit Vollage:
Probe [lluminated 866 il

Probe Dark 0.3 my
Probe Met Response 85,3 my

Correcled Lamp Qutput;

Cutput In Air (same condition as callbration):

B.55E+15 quanlafcm®sec
0.014  uElcmisec
i ion Fa

VDIC{+}

{To calowlate iradiance, divide the pet voltage reading in Volls by this valug.)

Diry: 1.01E-17  Wiguanta/cm®sec)
6.08E+00 W/(UE/cmisech

Mebas:
1. Annual calibration is recommended,

2 Galibration ks perfarmed wsing a Standard of Spectral Irradiance iraceable i the

Matianal Institute of Standardsand Technalagy (MIST).
3, The sellectar shoukd be cleaned frequently with alcobal,
4. Calibration was performed with customer cable, when avalahble.

QSR2Z40R DS2405
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CTD

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
referencs pregdire gennor. The reference presaure sensor ig itself cheocked
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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CTD Temperature Sensor (Primary)

SEA-BIRD ELECTRONICS, INC.

1808 136th Place M.E., Bellevue, Washington 98005 LUSA
Fhore: (426) 643 - 98686 Fax: (425) 643 - 9964 Internet: seabird@seabird.com

SENSOR SERIAL NUMBER = 2186 TEMPERATURE CALIBRATION DATA

CALIBRATION DATE: 20-Jul-00s IT5-90 TEMPERATURE SCALE

ITS-90 COEFFICIENTS [PTS-68 COEFFICIENTS

g = 4.34014822e-03 a = 3.67351328e-03

h = B.44535356e-04 b = E£.028B899%92-04

1 = 2.314863347e-05 ¢ = 1.6ZBD4B54e-05

] = 2:16621304e-06 d = 2.167767%6m-06

t, = 1000.000 £, = 2888.564

BATH TEMP INSTRUMENT FREQ INST TEMP RESIDUAL

(IT5-%0 ) (Hz) (ITS-1 ") {ITS-90 *C)
-1.4041 ZHEB .58 -1.4041 L. 0aoao
1.1035 3054 .661 1.1D035 .0aoa3
4.5980 3297.4748 4.5979 -0, 0a0as
8.1%681 3561,6585 B.1960 -0.60005
11.6237 82T .BZ6 L11.6237 a.30002
15.1875 4117 .736 15.18%6 a.00011
18 . 6518 4418 .316 le._ 6518 -0.4a0201

22.1501 4733.3397 22.1500 -0.00006

25,7512 5083,503 25.7512 0.00001

29,1658 5407.7756 29.1658 -0.a0002

32.6990 5773.366 32 . 6350 0.00a03

Temperature [TS-00 = | g + [P 0] + i(6a2(6/0) + JEn3(E/0]) - 27315 ("C)
Temperature [PTS-08 = 1i{a + b Erif 1)) + c[Er®(f, /6] + diEn?(f 0]} - 273,15 (°C)
Following the recommendation of JPOTS: T, 18 assumed w be 100024 = Ty, {21035 “Ch

Residual = instrument temperature - bath temperamre
calibration dalts 7
0.0200 —— —_— - date [mdeg C1
@ 03-Hur-0s -0.08
O 20-Jul-00s 0.a0

0.010a —
RES1DUAL

{Degress C)
0. 00040 (== & g & pB—al @9 -8 B 7]

-p.01a0 |- — ] — | -

|
-0.0200 ] ! = . .
-5 b 5 10 15 a0 25 3 35

TEMPERATURE (Degrees L}
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CTD Temperature Sensor (Secondary)

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 H.43B50B0Ye-04 B = &6.01206872e-04
s 2.3374033Ye-05 c = 1.682750181e-0Q5
IR 2.299427482-06 d = 2.2011826&6e-06
£, = 1c00.000 [, = 2944.562
BATH TEMP IMSTRUMENT FREL) IMST TEMP RESIDUAL
(TS50 ) (Hiz} (Irs-50 O {ITS-490 =)
-1, 4122 2944 542 -1 .4122 -0.0804083
10979 3114 .543% i1.0973 n.ooach
4. 5903 T, 4. 53904 n.ooocl
B 1BA1 A632 .94 H,18B1 o.oookdg
11,6227 3905 _083 11,6227 -0.00003
15,1795 2201 _8e48 15.1795% 0, apana
18, GB38 4509 _.533 18.£335 0.,00a0=
22 .1E34 SR32 224 A2.1824 0.,a04803
2507433 L1V7E. 658 257432 -0.00C03
29,1585 RE22.769 29,1580 a.4a08o04
32.6914 SRa7 267 32.69%18 J.30003
Temperatines ITS-90 = g + bl + alen(f /0] + i[EaMf T - 27305 (U0

Temperature [FTS-68 = i{a + b[R(f M) 4 clEm*(f, ) + Al En L 00} - 27305 (*C)
Following the recommendation of IMOTS: Th is agsiwimed o be K24 * T, (-2 10 3570
Eesidual — instrument temperature - bath tempecaiee

calibration delta T
0,020 AR AR L LT o . LI date [imdeg 1

& 09-Mar-99s 0.05
@ 20-Rug-F9s [ ]]

.01 —_———————————— H —
RESIDUAL |

LDegrees ©)

00000 | & B @ & —B——H—

-R.0ian i —_ — . —_—t

-0.0200 ! B N | -
-5 & 5 m 15 20 2 0 35

TEMPERATURE (Degrees C)
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CTD Dissolved Oxygen Sensor (1)

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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Dissolved Oxygen Sensor (2)

S B E sea-8ird Electronics, Inc. FAX: (425) 643-9954

1808 13610 Place NE, Bellevue, Washingtan 88005 LSA  Tel{425)84 30866

LRI TOLE, \Wabsite: hitpJ/srans. seabird com Email: seabirdifeaabird com
DISSOLVED OXYGEN SENSOR CALIBRATION: S/N 130490 14 September 2000
Sensor type:

Beckman, Module S/N (K501 -27
Sensor Current

m = 2.4421 EO7
h = 7.3204 E-11

The vse of these constants in a linear equation of the form
I=mV¥ +b
will vield DO sensor membrane current as a function of sensor output voltage.

Sensor Compensation Temperature

k = 9.0061
i =

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

T=kV+c
will yield membrane temperature as a function of temperature channel voltage with a
maximum error of aboul 0.5 deg C. The correction w dissolved oxygen resulling from the
use of this calibration shoold be sufficient 1w achieve the precision of which the sensor is

capahle,
SEASOFT Ceefficients based on Oxfit Calibration Resulls

Sou 26288

Boc 0.0278

[cor 0,033 {mominal)

LT 1.50e-4 {nomminal)

tan 2.0 (for profiling applications only)
tau 0.0 {(for moored applications only)
wi 0.67 {for Beckman type sensors)
wi 0.85 {for Y51 type sensors)
barometer = 1009.077 mB

Twater = 3,680 deg O

Teomp = 5.241 deg C

Isa = 1467 A

Lair = 0.636 uh

lzero = 0000 uA
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CTD Fluorometer (1)

CERTIFICATE OF CALIBRATION

Date of issue 16™ July 2001

Description Mk 1T Aquatracka (Chlorophyll-a)
Serial Number (88080
REPORT

The fluorimeter was exposed to 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 instrument output to chlorophyll-a concentration

Conc. = ( 0.0136 x 10™™ ) . 0.0207
Where; -

conc, = fluorophor concentration in pg/l
Output = Aquatracka outpat in volts

The above formula can be used in the range 0 - 100 microgrammes per litre to an
uncertainty of 0.02 microgrammes per litre plus 8% of value.

Motes
The above formula has been derived using Chlorophyll-a dissolved in acetone.
No guarantee 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.
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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 ﬁ@\ L"V Date {5/?/?;

Serial mumber GRS080 Page 2 of 2
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CTD PAR
UNDERWATER PAR SENSOR WITH LOG AMPLIFIER

Calibration Date: yOS2TION Job Mo.: RT748
Model Number: QSP200L
Serial Number: _gaaan,
Operator: TPC
Standard Lamp: 94532 (03/1 3/88)
Cperating Voltage Range: [ 1o 15 VDG (+)
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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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 to measure the zero output, it should be (.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 operation. If the air calibration 13 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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NEPOL-0S ﬂg/’?x 200/ s/ 207D

SB SEA-BIRD ELECTRONICS, INC.
1808 - 136th Place Northeast, Bellevue, Washington, 98005 USA
Phone: (206) 643-0866  Fax: (206) 643-9854 e-mal: seabird@seabird.com

APPLICATION N 7 Revised November 1996

CALCULATION OF M AND B COEFFICIENTS FOR TRANSMISSOMETERS

The data sheet supplied from the factory indicates the air calibration veoltage and the blocked path voltage. These
values along with the current air voltage and blocked path voltage are used derive the M and B coefficients used in
SEACON.

To calibrate the transmissometer with the Sea-Bird instrument to which it is interfaced, you must obtain readings
with the light peth in air and then with the light path blocked. To obtain the in air reading, the leases of the
transmissometer need to be clean and dry. Consult the wsers mannal for recommendations on cleaning the lenses.
An opague materfal shoold be used for the blocked voltage reading. Run SEASAVE in "Heal Time Data
Acquisition” and view the bensmissometer voltage. Refer to the configuration page of your mamual to determine
what channe] the transmissometer voltage is located. '

AQ is the AIR CALIBRATION vokage from the calibration shest Ao = 4650, 7% . 1
0 is the blocked path voltage from the calibration sheet Yo =-0.004 o m;/
Al is the current air voltage df=464%3 s 4 !
¥1is the current blocked path voltage |, , _ J.ooo | 2P @ j':-;_.-a:}'m,r j,r
J
then M = 20(A0 - YOW(A] - ¥1) H=20.03%¢ (, )
mi B=-MYl % e O |

Far l:xa.mpl-::
If the eaiibration gave the following values:

Al = 4743 volis
Y0 o= 0002 wolts

and the current calibration gave:

Al = 4719 vols
Y1 = 0.006 vols

then

M o= 20{4.743 - O02W(4.719 - 0.006) = 20119
B = -0.006 * 20.119 = -0.1207

These are the b and B values that are to be entesed into SEACON, If your instrument has AY =2 inputs (used an
some SBE 9 configurations) follow the same procedure. You will obtaln Al and Y1 vahues approximately twice
as large as those in the example (9,438 volts and 0.012 volts respectively) leading to M = 100554 and B = -0.1207.
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CTD Conductivity Sensor (Primary)

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 USA
Phone: [425] 642 - 9866 Fax: (425) 643 - 9954 Internet: seabird@seabird.com

SENSOR SERIAL NUMBER = 925 CONDUCTIVITY CALIBRATION DATA

CALIBREATION DATE: 19-Sep-00s PS5 1978: C{35,15,0) = 4,2914 Biemens/meter

GHI COEFFICIENTS ABCDM COEFFICIENTS

g = -4.087L2570e+G0 a = 3.81544465e-07

h = 5.354299&622-01 b= 5.3324403De-01

1 = -6.47816325a-04 C = =4 0808039524+00

] = 5.89537430=-05 d = =-9%,00522340e-05

CPcor = -5,572-08 (nominall mm= 5.6

CTcor = 3,.25e-06 {nominal) CPocor = -9.5%a-08 {(nominal)

BATH TEMP BATH Sal HATH COND INST FREQ INST COMND RESIDUAL
(IPTS-68 ") (P51 {Stemens'm) [kHx) (Slemens/m) (Siemens/m)
0.0000 a.apao C.Doona 2. 76632 -0.00000. -0.000Q00

-1.3695 34,8442 2.77537 T.72231 2.77542 0.00005
1.1586 34 .B8527 2.99328 T.9B166 2.98332 -0.00006

15. 2888 14 .B540 4.30369 9.38945 d.30371 o.0o0002

18.7267 34 . 853¢ 4 .64500 5.72219 4. 64508 =0.00001

28,2697 34 .848% 5.734583 10.713399 E.73493 =0, 00000

Conductivity = (g + 0% + i + i) / [10(1 + & + rp)] Siemensimeter
Conductivity = {af"+ bf° + ¢ + diy / (10{] + ep)] Siemens/meter

U = lemperaure [deg C]; p = pressure [decibars]; § = CTeor; ¢ = CPeor

Residual = (instrument conductivity - bath conductivity) using g b, 1, J coefficiems

col [bratfon slope
dote carrection

0. 0920 — : )
B 29-Feb-00s  1,000013
& 1¥-sep-00s  1,000000
o.0010 | . ]
RES] DUAL ‘
i &8
{3/m L [
0. 0ong i - - 1—ahg | &
iz
| &
-0.0010 | -
-0, 0020 | | | -
0.0020 ! 1 - = ) - ;
CONDUCTIVETY (57emena/metar) -
POST CRUIZE
CALLIA] |
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CTD Conductivity Sensor (Secondary)

SEA-BIRD ELECTRONICS,

1808 136th Place N.E., Bellevue,
FPhone: (425) 643 - 9866 Fax (4256} 643 - 9954

SEMSOR SERIAL NUMBER = 2513

CALIBRATION DATE: 20-Sep-00s

GHII COEFFICIENTS

g9 = -1.05B831282e+01 a4 = 1.86745%16e-08
h = 1.63378149e+00 b= 1.682866813%=+00
i =-2.09211407e-03 = -1.DB5TIET3I7e+01
1 = 2.6819294E4e-04 d = -8.532317262e-058

CPoor = -2,572-08 (nominal)
CTeor = 3.25e-06 (nominal)

Washington
Internet: seabird @seabird.com

E'B 005

INC.

Usa

SEE 4 CONDUCTIVITY CALIBRATION DATA
P35 1978: C35,15,0) = 4.2914 Siemens/meter

ABCDM COEFFICIENTS

3.

B

I::Pr:n:ur = -5 .57e-08 (nominal)

BATH TEMP BATH 5AL BATH COND IMST EREQ INST COND RESIDUAL
{IPTS-68 *C) (BEUY {Siemens'im) (kHz) [Siernens ) {Slemenz/m)
L.ooon 0.0000 0.000D00 2.54786 =D.00000 -0.00000

-0.9980 35.0372 2.82081 4.87882 2.8B2080 -0.00001
l.49448 i5.0374 3.03524 5.01224 3.03627 0.00003

15.59428 A5.0382 4_.38865 5.78007 4.38862 -0.00003

15:1702 35.0378 q4.71177 5.94B77 4.71178 -0.00001

29.74l7 35.0386 5.812%2 6.43042 5.812%%9 o.a00007

33.4512 35.0258 6.210850 6.67512 6.2104¢ -d.0pao04

Conductivity = (g + e + i + if Jrll(n_’] + ot + ep)] Siemens/meter

Conductivity = (af ™+ bf? + ¢ + dt} / [10(1 + ep)] Siemens/meter

I = tempersure [deg C): p = pressure [decibars]; & = CTeor: & = CPeor

Residual = (instrument condoetivity - bath conductivity] wsing g, h, i, j coelficients

colfbration
o.auen | Hitu-
‘ | | & J0-sep-00s
0.0010
RES1DUAL [
[5/m)
=L A I
X -+r|"' B—& 23]
b.0010 ¢
00020 | - l
il 1 2 L | & 5 &

CONCUETIVITY (51 emers fmater)
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MOCNESS

Mocness Temperature Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington 98005 USA
Phone: {426} 643 - 9866 Fax: |425) 643 - 9954  |Internaet: seabird @saabird.com

SENSOR SERIAL NMUMBER =428 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE; ldsFeb-015 IT5-90 TEMPERATURE SCALE
ITS-90 COEFFICIENTS [PTS-68 COEFFICIENTS

g = 4,31128332e-73 a4 = 3,.67%8H3Z28e-03

h = 5.418659712=-04 b = 6.02008615=-04

i = 2,29964390e-05 € = 1.63622518e-05

i = 2.18307B59&-08 d = 2,18463962e-06

£, = 1000.0040 £, = 2765.401

BATH TEMP INSTRUMENT FRE() INST TEMP RESIDUAL
(IT5-90 =C) (Hz) (TTS-90 “C) (ITS-90 ")
-1.4019 2765.401 -1.4013 -0.00003
1.1063 2924 .6889 1.1063 Q.o0aos
4.593% 3157.478 4.5999 .00003
B.1976 3410 .835 B.18375 =3, 00007
11.6314 3665.357 ‘11.6318 -0.00003
15.1886 3944 .183 15,1888 0.4qo0g03
18.6926 4232.582 18,6927 0.ocan4g
22.1923 4535.029 22.1922 -0, 0000G
25.7524 4B57.884 25,7524 2, 00001
29,1673 5182,.214 25.1673 =0.00006
32.85853 5533.4047 32.5993 0.4ao0a03

Temperature ITS-90 = 1/{g + hiFnify/D] + [EnT M0 + [P0 - 273,15 (°C)
Temperature IPTS-68 = 1/{a + b{fa{f/D] + c[fn®(f0] + dIENIyN]} - 27315 (°C)
Fallowing the recommendation of IPOTS: T, is assumed o be 100024 * Tyy (-2 1035 °C),

Residual = instrurnent temperature - bath temperare
calibration deles T

0,080 —— . e it date [mdeg 1
@ 20-Aug- e 149
=) V-Feb-D1s -f.a0

a.a100 —

RESIOUAL
{Degrees C)
0. 0000 o =] ] = G|t e s G
® 8 @ @ 8 Fs B @ |@ @& @
|
=0.0100 =
0,020 - | = ~ -J
=5 1] L L] 15 20 25 0 35

TEMPERATURE (Degrees L)
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Mocness Conductivity Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place M.E., Bellevue, Washington 9B005 s
Phone: [425) 643 - 9BE6  Fax: (425) 643 - 0854  Internet: seabird @saabird, com

SEMEOR SERIAL NUMBER = 2067 COMDUCTIVITY CALIBRATION DATA

CALIBRATION DATE: [3-Febh01s PSS 1978 C{35,15.0) = 4,2914 Siemens/meler

GHL COEFFICIENTS ABCDM COEFFICIENTS

g = -1.03960774e+01 a= 5,1232309%&-10

h = 1.46R478222+00 BE = 1.450609639&+00

1 = -5,032026192=-013 o o= -1,035442588e-01

j = 4.418B1320e-04 d = -4,70844130&-05

CPoor = -9,57e-08 (nominal} W= 9.6

CTeor = 3.25e-06 [(nominal) CPcor = -8.57e-08 {nominal}

BATH TEMP BATH SAL BATH COND INST FRED INST COND RESIDUAL
(IPTS-68 "C) (PSL} [ Siemens/ ) kM) (Siemens,'m) (Siemens‘m)
g.000D0 0.0000 a4, 00000 2.671832 o.00000 g.00000
=1,%242D 35.3119 2.B0288 5.14370 2.B12B3 -0.00008
1.017s 15, 3098 3015680 .2843E 3.01567 0.4a0a07
15,1713 15,3104 4.34237 &.DBTAD 4.,34232 -0.00005
18.6473 15,3086 4,691406 £.28181 4.63120 0.00004
29.055] 35,3072 5.7787%78 6.85113 5.77876 L.oooog
32.6126 35.3025 B.16250 T.040B1 E.16250 -0, 00000

Conduetivity = (g + W® + i + )/ [10(1 + & + ep)| Siemens/meter
Conductivity = (af ™+ b2 + ¢ + di) / [10(1 + ep)] Siemens/meter
1 = temperaure [deg C]; p = pressure [decibars]; & = CTeor; ¢ = CPoor;
Residual = (instrument conductivity - bath conductivityy  using g, b, i, | coefficients
calioration slcpe
—— date Eorrectien
] & 20-Jul-008  O.999947
2 13-Fep-012  1,000000

C.DoED | z ‘

a.a00 = ——
RES 1DLAL |

{5/m)

0.ocan g_ T '@I' @

al-

-0.0014 — =

-0y "
v] 1 2 3 b 5§

COMOUCTEVITY (Siomers/meter)
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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
MOCNMNESS 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 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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