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Introduction

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

e The structure and organization of the data on the distribution media
e The format and contents of the data strings

e Formulas for calculating values

e Information about the specific instruments in use during the cruise

e Alog of acquisition problems and events during the cruise that may affect the
data

e Scanned calibration sheets for the instruments in use during the cruise.

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

All data has been packaged in Unix tar archive files. Most tar archives have been
compressed using gzip to reduce size. Compressed tar files are identifed by the
extension “tgz”. Tools are available on all platforms for uncompressing and de-archiving
these formats:

On Macintosh, use Stuffit Expander with DropStuff.
tar, gzip, and gunzip are standard tools on all Unix-based systems.
MultiBeam and BathyW data are distributed separately.

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

Archive Commands

All archives were created using the command:
tar [z]cvf archive _name files _to_archive

With [z] being used to create “.tgz” archives.

To create a list of the files in the archive, use the Unix command:
tar [z]tvF archive _name > contents.list

where contents. list is the name of the file to create

To extract the files from the archive:
tar [z]xvF archive name file(s)_ to_extract

Raytheon Polar Services 1 United States Antarctic Program
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Distribution Contents at a Glance

Volume (DVD)

NBP0508.gmt
NBP0508.mgd
0508 _mgd.be
NBP0508.ps

NBP0508.pdf
NBP0508.trk

1

0508data.doc
instcoef.txt

imagery/

isobars.tar
ozone.tar
RadarSat.tar
Weather.tar
Ice.tar
Modis.tar

ocean/ctd/ 0508ctd.tar

process/

0508JGOF.tar
0508MGD. tar
0508PROC. tar
0508PCO2.tar
0508QC.tar

Volume (DVD) 1

rvdas/nav/ 0508adcp.tar

rvdas/uw/

other/

0508gp02.tar
0508gyrl.tar
0508PCOD. tar
0508seap.tar
0508trax.tar

0508batl.tar
0508bwnc.tar
0508engl.tar
0508flrl.tar
0508gen2.tar
0508grvl.tar
0508knud.tar
05081lwnc.tar
0508metl.tar
0508pco2.tar
0508pguv.tar
0508siml.tar
0508svpl.tar
0508tsgl.tar
0508uwnc.tar

GUV_PUV.zip
0508rep.zip
castlog.zip
Icelogs.zip
Chloroph.zip
Sit_reps.zip
Water s.zip
PUV.zip

Maps.zip
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Distribution Contents

CRUISE INFORMATION

NBPO0508 was an Antarctic science cruise that took place on the R/V Nathaniel B Palmer.
It departed Lyttelton, New Zealand on October 26, 2005 and returned to Lyttelton, New
Zealand on December 11, 2005.

The purpose of NBP0508 was to conduct several types of studies in the Ross Sea
Polynya region. The Neale (B203), Jeffrey (B200) and Gargett (B208) groups
investigated UV effects on phytoplankton and bacteria in the context of vertical mixing
(collectively, the_Mixing and_Ultraviolet_ Radiation in the Ross_Sea or MIXURS project).
The Goes (B206) project presented similar goals, and it studied UV effects on fatty acid,
carbohydrate and amino acid metabolism in phytoplankton. The Kieber/ Kiene group
(B002/266) investigated both photochemical and biological processes affecting the fluxes
of dimethylsulfide (DMS) and related sulfur compounds with an emphasis on UV effects.
The Gast/Caron group (B207) sampled a variety of Ross Sea pelagic environments to
study genetic diversity of protozoan groups. The cruise also hosted an OPP postdoctoral
fellow, Brook Nunn, who studied iron acquisition by phytoplankton.

Data collection started on JD299 upon leaving Lyttelton. Data collection ended on JD345
before arriving in Lyttelton. Data was collected within New Zealand’s EEZ on both legs of
the journey.

The SR-18 was installed on the ship for this cruise. The SR18 is a moderate resolution
spectroradiometer that measures spectral UV between 290 and 330 nm which is
designed and constructed by the Solar Radiation Lab at the Smithsonian Environmental
Research Center. It continuously records incident UV as one minute averages in mW m-
2 nm-1 at a wavelength interval of 2 nm from 290 to 324 nm and at 330 nm. Operation
features are a cosine-corrected diffuser for light sampling, a filter wheel with 18 2nm-
nominal band pass interference filters and one 10 nm band pass filter (at 330 nm)
mounted in the periphery, a collimator, and a solar blind R-1657 photomultiplier tube
(PMT). The PMT housing is temperature regulated with a thermostated thermoelectric
system (25 degrees C). The filter wheel turns at 15 RPM, and spectra from the rotations
are averaged over one minute. The PMT current output (which is proportional to the
radiation intensity through each filter) is converted to a voltage and measured by a
precision 18 bit A/D converter. An on-board microprocessor acquires the voltages and
produces a text output which is transmitted by an RS-422 interface. SR-18 data was
collected through the ship’s data acquisition system. SR-18 data files are labeled with
the prefix ‘gen2.’

Cruise Tracks

In the root directory of the distribution DVD there are two printable/viewable files of the
cruise track: NBP0508.ps and NBP0508.jpg. There is also a data file, NBP0508.trk that
contains the latitude and longitude at one minute intervals extracted from the
NBP0508.gmt file.

Satellite Images

Satellite images processed during this cruise can be found in the directory /images in the
following tar files: isobars.tar, ozone.tar, RadarSat.tar, Weather.tar
and Ice.tar. lce and weather files are named using the convention, IIDDDYYA.jpg
where:

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

DDD = year-day

YY = year

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

Raytheon Polar Services 3 United States Antarctic Program
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Science Reports

Weekly cruise science reports will be found in the directory /other.

NBP DATA PRODUCTS

Two primary datasets are generated on each NBP cruise: JGOFS and MGD77. The
MGD77 and JGOFS datasets are processed data. They have had all calibrations

applied, and they have been cleaned of obviously bad data.

Postscript-format plots of processed data for each day of collection are located in:
/process/0508QC.tar

The raw data is distributed in the /rvdas directory.

The data processing scripts create a number of intermediate files. These files are
included on the data distribution media in the file /process/0508PROC.tar. They are
included to make re-processing easier in the event of an error, but no detail of the
formats is included in this document. If you have any questions, please contact
itvessel@usap.gov.

JGOFS

The JGOFS data set can be found on the distribution media in the file
/process/0508JGOF.tar. The archive contains one file produced for each day named
jgDDD.dat, where DDD is the year-day the data was acquired. Each daily file consists of
22 columnar fields in text format as described in the table below. The JGOFS data set is
created from calibrated data decimated at one-minute intervals. Several fields are derived
measurements from more than a single raw input. For example, Course Made Good
(CMG) and Speed Over Ground (SOG) are calculated from gyro and GPS inputs. Daily
plots during the cruise are produced from the JGOFS data set. Note: Null, unused, or
unknown fields are indicated as “NAN” or 9999 in the JGOFS data.

Field Data Units
01 GMT date dd/mm/yy
02 GMT time hh:mm:ss
03 NGL latitude (negative is South) t. ettt
04 NGL longitude (negative is West) g99.99g99g
05 Speed over ground Knots
06 GPS HDOP -
07 Gyro Heading Degrees (azimuth)
08 Course made good Degrees (azimuth)
09 Mast PAR uEinsteins/meter” sec
10 Sea surface temperature °C
11 Sea surface conductivity siemens/meter
12 Sea surface salinity PSU
13 Sea depth (uncorrected, calc. sw sound vel.  meters
1500 m/s)
14 True wind speed (max speed windbird) meters/sec
15 True wind direction (max speed windbird) degrees (azimuth)
16 Ambient air temperature °C
17 Relative humidity %
18 Barometric pressure mBars
19 Sea surface fluorometry volts (0-5 FSO)
20 Not used -
21 PSP W/m?
22 PIR W/m*

Raytheon Polar Services 4
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MGD77

The MGD77 data set is contained in a single file for the entire cruise. It can be found in
the top level of the distribution data structure as NBP0508.mgd. The file NBP0508.gmt is
created from the MGD77 dataset using the “mgd77togmt” utility. NBP0508.gmt can be
used with the GMT plotting package.

There are two GMT files on the data set. They are the same file--one is in little endian
format (for linux) and the other is in big endian format (for Sun). Big endian format is
labeled 0508mgd.tar.be

The data used to produce the NBP0508.mgd file can be found on the distribution media
in the file /process/0508PROC.tar. The data files in the archive contain a day’s data and
follow the naming convention Dddd.fnl.gz, where ddd is the year-day. These files follow a

space-delimited columnar format that may be more accessible for some purposes. They
contain data at one-second intervals rather than one minute and are individually
“gzipped” to save space. Below is a detailed description of the MGD77 data set format.
The other files in the archive contain interim processing files and are included to simplify
possible reprocessing of the data using the RVDAS NBP processing scripts.

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

and EOTVOS, are included.

Col Len | Type | Contents Description, Possible Values, Notes
1 1 Int Data record type Set to “5” for data record
2-9 8 Char | Survey identifier
10-12 3 int Time zone correction Corrects time (in characters 13-27) to
GMT when added; 0 = GMT
13-16 4 int Year 4 digit year
17-18 2 int Month 2 digit month
19-20 2 int Day 2 digit day
21-22 2 Int Hour 2 digit hour
23-27 5 real Minutes x 1000
28-35 8 real Latitude x 100000 + = North
- = South. (—9000000 to 9000000)
36-44 9 real Longitude x 100000 + = East
- = West. (=18000000 to 18000000)
45 1 int Position type code 1=Observed fix
3=Interpolated
9=Unspecified
46-51 6 real Bathymetry, 2- way In 10,000th of seconds. Corrected for
travel time transducer depth and other such
corrections
52-57 6 real Bathymetry, corrected | In tenths of meters.
depth
58-59 2 int Bathymetric correction | This code details the procedure used for
code 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, In tenths of nanoteslas (gammas)
15T sensor
67-72 6 real Magnetics total field, In tenths of nanoteslas (gammas), for
2P sensor trailing sensor
73-78 6 real Magnetics residual In tenths of nanoteslas (gammas). The
field reference field used is in Header Seq. 13
79 1 int Sensor for residual 1=1"0r leading sensor

Raytheon Polar Services
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Col Len | Type | Contents Description, Possible Values, Notes
field 2 = 2" or trailing sensor
9 = Unspecified
80-84 5 real Magnetics diurnal In tenths of nanoteslas (gammas). (In
correction 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 (In meters)
magnetics sensor + = Below sea level
3 = Above sea level
91-97 7 real Observed gravity In 10" of mgals. Corrected for Eotvos,
drift, tares
98-103 |6 real | EOTVOS correction In 10" of mgals.
E = 7.5V cos phi sin alpha + 0.0042 V*V
104-108 | 5 real | Free-air anomaly In 10" of mgals
G = observed
G = theoretical
109-113 | 5 char | Seismic line number Cross-reference for seismic data
114-119 | 6 char | Seismic shot number
120 1 int Quality code for 5=Suspected, by the originating institution
navigation 6=Suspected, by the data center
9=No identifiable problem found

SCIENCE OF OPPORTUNITY

ADCP

The shipboard ADCP system measures currents in a depth range from about 30 to 300 m
-- in good weather. In bad weather or in ice, the range is reduced, and sometimes no
valid measurements are made. ADCP data collection is the OPP-funded project of Eric
Firing (University of Hawaii) and Teri Chereskin (Scripps Institution of Oceanography).
Data is collected on both the LMG and the NBP for the benefit of scientists on each
cruise, and for the long-term goal of building a profile of current structure in the Southern

Ocean.

A data feed is sent from the ADCP system to RVDAS whenever a reference layer is
acquired. This feed contains east and north vectors for ship’s speed, relative to the
reference layer, and ship’s heading. Collected files (one per day) are archived in
0508adcp. tar in the directory /rvdas/nav.

pCO,

The NBP carries a pCO, measurement system from Lamont-Doherty Earth Observatory
(LDEO). pCO, data is recorded by RVDAS and transmitted to LDEO at the end of each
cruise. You will find pCO, data in a file named 0508PC02. tar in the /process directory,
which contains the pCO, instrument’s data merged with GPS, meteorological and other
oceanographic measurements. For more information contact: Colm Sweeney
(csweeney@ldeo.columbia.edu).

CRUISE SCIENCE
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CTD

CTDs were performed on the cruise for several purposes, including observing the near-
surface (< 200 m) profile of biological and physical parameters, observing fine-scale
density structure for the purpose of estimating turnover scales, taking water samples with
the CTD rosette bottles, and observing biological and physical parameters in deep waters
(> 200 m). The most common type of cast combined fine-structure observations over a

series of 2-4 repeated up and down profiles (“yo-yo’s”) with rosette water samples.
Details on type of cast and bottle depths sampled are in the file castlog_0508.xls.

Ctd data has been placed in /ocean/ctd/0508ctd.tar.

RVDAS

The Research Vessel Data Acquisition System (RVDAS) was developed at Lamont-
Doherty Earth Observatory of Columbia University and has been in use on its research
ship for many years. It has been extensively adapted for use on the USAP research
vessels.

Daily data processing of the RVDAS (Research Vessel Data Acquisition System) data is
performed to calibrate and convert values into useable units and as a check of the proper
operation of the DAS. Both raw and processed data sets from RVDAS are included in the
data distribution. The tables below provide detailed information on the sensors and data.
Be sure to read the “Significant Acquisition Events” section for important information
about data acquisition during this cruise.

Sensors and Instruments

RVDAS data is divided into two general categories, underway and navigation. They can
be found on the distribution media as subdirectories under the top level rvdas directory:
/rvdas/uw, and /rvdas/nav. Processed oceanographic data is in the top level
directory, /process. Each instrument or sensor produces a data file named with its
channel ID. Not all data types are collected every day or on every cruise.

The naming convention for data files produced by the sensors and instruments is
NBP[CruiselD][ChannellD].dDDD

Example: NBP0107metl.d317

e The CruiselD is the numeric name of the cruise, in this case, NBP0507.

e The ChannellD is a 4-character code representing the system being logged. An
example is “met1,” the designation for meteorology.

e DDD is the day of year the data was collected

Underway Sensors

Meteorology and Radiometry

Measurement Channel | Collect. Status | Rate Instrument

ID
Air Temperature met1 continuous 1 sec R. M. Young 41372LC
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
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Measurement Channel | Collect. Status | Rate Instrument

ID
PSP (SW radiation) met1 continuous 1 sec Eppley PSP
PAR met1 continuous 1sec BSI QSR-240
GUV pguv continuous 2 sec BSI GUV-2511
PUV pguv continuous 2 sec BSI PUV-2500
Geophysics
Measurement Channel | Collect. Status | Rate Instrument

ID
Gravimeter grvi continuous 10 sec” LaCoste & Romberg
Magnetometer mag1 not collected 15 sec EG&G G-866
Bathymetry bat1 continuous* Varies ODEC Bathy 2000
Bathymetry knu1 continuous* Varies Knudsen 320B/R
Bathymetry sim1 during ctd’s Varies Simrad EK500 Sonar

*Data is output every second but it only changes every 10 seconds.

*The Bathy 2000 and Knudsen both collected data during NBP0508. These instruments
did not collect data simultaneously.

Oceanography
Measurement Channel | Collect. Status | Rate Instrument

ID
Conductivity tsg1 continuous 6 sec SeaBird SBE-21
Salinity tsgfl continuous 6 sec Calc. from pri. temp
Sea Surface Temp tsg1 continuous 6 sec SeaBird 3-01/S
Fluorometry flr1 continuous 1 sec Turner 10-AU-005
Fluorometry flr1 & tsg1 | continuous 6 sec
Transmissometry tsg1 continuous 6 sec WET Lab C-Star
pCO, pco2 continuous 70 sec (LDEOQO)
ADCP adcp continuous varies RD Instruments
Navigational Instruments
Measurement Channel | Collect. Status | Rate Instrument

ID
Trimble GPS PCOD continuous 1 sec Trimble 20636-00SM
Gyro gyr1 continuous 0.2 sec Yokogawa Gyro
SeaPath seap continuous 1 sec SeaPath 200
DATA

Data is received by the RVDAS system via RS-232 serial connections. A time tag is

added at the beginning of each line of data in the form,

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

where

Raytheon Polar Services 8 United States Antarctic Program
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yy = two-digit year

ddd = day of year

hh = 2 digit hour of the day
mm = 2 digit minute

$s.8Ss = seconds

All times are reported in UTC.

The delimiters that separate fields in the raw data files are often spaces and commas but
can be other characters such as: = @. Occasionally no delimiter is present. Care
should be taken when reprocessing the data that the field's separations are clearly
understood.

In the sections below a sample data string is shown, followed by a table that lists the data
contained in the string.

Underway Data

Sound Velocity Probe (svpl)
00+348:01:59:52.128 1539.40

Field |Data Units
1 RVDAS Time tag
2 Sound velocity in ADCP sonar well m/s

Meteorology (metl)
01+322:00:03:27.306 04.5 292 010 05.7 294 010 0959.6 000.2 093.0 -
000.1537 0001.0886 0012.8248

Field |Data Units
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 %

11 PSP (short wave radiation)* mV
12 PIR (long wave radiation)* mV
13 PAR (photosynthetically available radiation)* mV

*See page 19 for calculations.
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Gravimeter (grvl)
There are now two sets of fields output by the gravity meter. The data record is output once per
second, and identified by “$DAT” in the id field. A summary of sensor environmental data is output

every ten seconds, identified by “%ENV” in the id field.
Data record ($DAT):

05+194:00:00:27.995 $DAT,2005/ 7/13, 0: 7: 7.36,194, 9050.37, 9050.06, 5410.86, -0.00, -
0.01, -0.02, 0.00, 0.00, 0.70, 0.19, -0.12, -0.25, 0.00,-69.45711315, -54.32181487,
0.000, 285.200

Field |Data Conversion Units

1 RVDAS time tag

2 Text string (id field) $DAT for data record

3 Date YYYY/MM/DD

4 Time HH:MM:SS.SS

5 Day of Year DDD

6 Gravity count mgal = count x 1.0046 + offset count

7 Spring Tension CuU

8 Beam Position Volts x 750,000

9 VCC

10 |AL

11 |AX

12 |VE

13 |AX2

14 | XACC2

15 |LACC2

16 |CROSS ACCEL GAL

17 |LONG ACCEL GAL

18 |EOTVOS CORR MGAL
19 |LONGITUDE Degrees
20 LATITUDE Degrees
21 HEADING Degrees
22 |VELOCITY Knots

Environmental record ($ENV)

05+183:19:13:10.945 %ENV,2005/ 7/ 2,19:19:52.16,183,S-036/V1.5, 3.34,
47.19, 20.34,1.111840E-1,-0.57700,-0.10591, 0.40180, 2.55260, 0.43000,
1, 300

Field |Data Conversion Units

RVDAS time tag

Text string (id field) $ENV for environmental record

Date YYYY/MM/DD

Time HH:MM:SS.SS

Day of Year DDD

Meter ID

Meter Pressure inch-Hg

Meter temp °C

OO N[O |WIN(=

Ambient temp °C

10 K-Factor

11 VCC Coeff
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Field |Data Conversion Units

12 AL Coeff

13 AX Coeff

14 VE Coeff

15 AX2 Coeff

16 |Serial Filter Length Seconds
17 |QC Filter Length Seconds

Bathy 2000 (batl)

00+019:23:59:53.901 ;104485.3ME -23.0,

100000.0,-99.9,0000@01/11/00,

23:59:52.08 PW2 PF1 SF1 PL3 MO4 SB3 POO TX1 TR: GM5 1500 06.7 -72.1

Field

Data

Format / Possible Values

Units

1

RVDAS time tag

2

Flagged low frequency chn. depth w/ |;FDDDDD.Dun where F = flag

units

(V for valid, | for invalid), D=depth,
un = units

meters

Low Frequency echo strength

EEE.EE

dB

Flagged high freq. chn. depth

not used

High frequency echo strength

not used

Signed heave data

SHHHH

cm

Date

mm/dd/yy

Time

hh:mm:ss

Ol (N[O |h~|W

Transmit pulse window type

PW1=Rectangular
PW2=Hamming
PW3=Cosine
PW4=Blackman

10

Primary transmit frequency

PF1=3.5 kHz
PF2=12.0 kHz

kHz

11

Parametric mode secondary
frequency

SF1=3.5 kHz
SF2=12.0 kHz

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

kHz

15

Power level

PO1 = 0dB

PO2 =-6dB

PO3 =-12dB
PO4 = -18dB
PO5 = -24dB
PO6 = -30dB
PO6 = -30 dB

Raytheon Polar Services
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Field |Data Format / Possible Values Units
PO7 = -36dB
PO8 = -42dB

16 | Transmit mode TX1=single ping active

TX2=pinger listen
TX3=multipinging TR
TX4=multipinging TR
TX5=multipinging TTRR
TX6=multipinging TTTTRRRR
TX7=multipinging TTTTTRRRRR

17 Transmit Rate TR3 =4Hz Hz
TR4 = 2Hz
TR5 =1Hz
TR6 = .5Hz
TR7 = .33Hz
TR8 = .25Hz
TR9 = .20Hz
TR: = .10Hz
TR; = .05Hz

18 |System gain mode GMO0=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- meters
level

21 Background noise level in fixed point dB/NV
reference

Knudsen (knud)
99+099:00:18:19.775 HF,305.2,LF,304.3

Field |Data Units
1 RVDAS time tag

2 HF = High frequency flag (12 kHz)

3 High frequency depth meters
4 LF = Low frequency flag (3.5 kHz)

5 Low frequency depth meters

Simrad EM120 (mbdp)

Field Data Units
1 LDTDS

2 SEMDPT

3 Depth (corrected) Meters
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Simrad EK500 (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
4 Depth m

5 Bottom surface backscattering strength dBar

6 Transducer number (1 =38 kHz)

7

Thermosalinograph (tsgl)

00+019:23:59:46.976 15A16CFC163F8C2C100

Field |Data Units

1 RVDAS time tag

2 Seabird hex string (see page 19 for conversion to real units)

Fluorometer (flrl)

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 O 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 (if temperature compensation package is installed)

9 Temperature units (if temperature compensation package is installed)

pCO;

00+021:23:59:43.190 2000021.99920 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 fractional time of day) yyyyddd.ttt
3 Raw voltage (IR) mV

4 Cell temperature °C

5 Barometer MBar

6 Concentration ppm

7 Equilibrated temperature °C

8 pCO, pressure microAtm

9 Flow rate ml / min

10 Source ID # 1 or 2 digits
11 Valve position 1 or 2 digits
12 Flow source (Equil = pCO, measurement) text
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Navigational Data

Seapath GPS (seap)

The Seapath GPS outputs seven data strings, four in NMEA format and two in proprietary

PSXN format:
e GPZDA
e GPGGA
¢ GPVTG
e GPHDT
e PSXN, 20
e PSXN, 22
e PSXN, 23

GPZDA
02+253:00:00:00.772 $GPZDA,235947.70,09,09,2002, ,*7F

I
@
o

Data

Units

RVDAS time tag

$GPZDA

time

hhmmss.ss

Day

dd

Month

mm

Year

Yyyy

(empty field)

OINO| OB WIN|—

Checksum

GPGGA
02+253:00:00:00.938

GPGGA,235947.70,6629.239059,S,06827.668899,w,1,07,1.0,11.81,M, ,M, ,*6F

Field |[Data

Units

RVDAS time tag

$GPGGA

time

hhmmss.ss

Latitude

ddmm.mmmmmm

N or S for north or south latitude

Longitude

ddmm.mmmmmm

E or W for east or west longitude

O IN[O[OA|W|IN|—

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

9 number of satellites in use (00-99)

10 HDOP X.X

9 height above ellipsoid in meters m.mm
11 M

12 (empty field)

13 M

14 age of DGPS corrections in seconds S.S

15 DGPS reference station ID (0000-1023)

16 Checksum
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GPVTG
02+253:00:00:00.940 $INVTG,19.96,T,,M,4.9,N, ,K,A*39

Field |Data Units
1 RVDAS time tag

2 $GPVTG

3 course over ground, degrees true d.dd
4 T

S .

6 M

7 speed over ground in knots k.k
8 N

9 :

10 K

11 Mode

12 Checksum

GPHDT

02+253:00:00:00.941 $GPHDT,20.62,T*23

Field |Data Units
1 RVDAS time tag

2 $GPHDT

3 Heading, degrees true d.dd
4 T

5 Checksum

PSXN,20

02+253:00:00:00.942 $PSXN,20,0.43,0.43*39

Field |Data Units
1 RVDAS time tag

2 $PSXN

3 20

4 Horizontal position & velocity quality: O=normal, 1=reduced

performance, 2=invalid data

5 Height & vertical velocity quality: 0=normal, 1=reduced performance,
2=invalid data

Heading quality: 0=normal, 1=reduced performance, 2=invalid data

7 Roll & pitch quality: 0=normal, 1=reduced performance, 2=invalid data

8 Checksum

PSXN,22

02+253:00:00:00.942 $PSXN,22,0.43,0.43*39

Field |Data Units
1 RVDAS time tag

2 $PSXN

3 22

4 gyro calibration value since system start-up in degrees d.dd
5 short term gyro offset in degrees d.dd
6 Checksum

PSXN,23
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02+253:00:00:02.933 $PSXN,23,0.47,0.57,20.62,0.03*0C

Field |Data Units
1 RVDAS time tag

2 $PSXN

3 23

4 roll in degrees, positive with port side up d.dd
5 pitch in degrees, positive with bow up d.dd
6 Heading, degrees true d.dd
7 heave in meters, positive down m.mm
8 Checksum

Trimble (P-Code) GPS (PCOD)

The Trimble GPS, which formerly output Precise Position (P-Code) strings, but now only
outputs Standard Position (Civilian) strings, outputs three NMEA standard data strings:

o Position fix (GGA)
e Latitude / longitude (GLL),
e Track and ground speed (VTG)

GGA: GPS Position Fix — Geoid/Ellipsoid
01+319:00:04:11.193 $GPGGA,000410.312,6227.8068,S,06043.6738,W,1,06,1.0,

031.9,M,-017.4,M, ,*49

Field |[Data Units

RVDAS Time tag

$GPGGA

UTC time at position hhmmss.sss

Latitude ddmm.mmm

North (N) or South (S)

Longitude ddmm.mmm

East (E) or West (W)

ON[O(ON|BR|W|IN|—

GPS quality:
0 = Fix not available or invalid
1 = GPS, SPS mode, fix valid
2 = DGPS (differential GPS), SPS mode, fix valid
3 = P-CODE PPS mode, fix valid

9 Number of GPS satellites used

10 HDOP (horizontal dilution of precision)

11 Antenna height meters
12 M for meters

13 Geoidal height meters
14 M for meters

15 Age of differential GPS data (no data in the sample string)

16 Differential reference station ID (no data in the sample string)

17 Checksum (no delimiter before this field)

GLL: GPS Latitude/Longitude
01+319:00:04:11.272 $GPGLL,6227.8068,S,06043.6738,W,000410.312,A *32

Field |[Data Units

1 RVDAS Time tag
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Field |Data

Units

$GPGLL

Latitude

degrees

North or South

Longitude

degrees

East or West

UTC of position

hhmmss.sss

Status of data (A = valid)

OO (N[O |WIN

Checksum

VTG: GPS Track and Ground Speed

01+319:00:04:11.273 $GPVTG,138.8,T,126.0,M,000.0,N,000.0,K *49

Field |Data

Units

RVDAS time tag

$GPVTG

Heading

degrees

Degrees true (T)

Heading

degrees

Degrees magnetic (M)

Ship speed

knots

N = knots

Speed

km/hr

K = km per hour

22O (N[O |WIN|=

=0

Checksum

Gyro Compass (gyrl)
00+019:23:59:59.952 $HEHDT 25034,-020*73

Field |Data

Units

RVDAS time tag

$HEHDT

Heading, Degrees True

degrees

Rate of change SYYY S =+/-, YYY =r.r

AR WIN[—~

Checksum

ADCP Course (adcp)
05+209:15:04:14.575 $PUHAW,UVH,9.95,-0.98,99.7

Field |[Data

Units

RVDAS time tag

$PUHAW

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

Ship Speed relative to reference layer, east vector

knots

Ship Speed relative to reference layer, north vector

knots

O WIN|—~

Ship heading

degrees
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Processed Data

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) yyyddd.tit
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 \Y

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 puSiemens
5 Salinity PSU

6 Fluorometry \Y%

7 Transmissivity V
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Calculations

The file instcoef . txt located in the / directory contains the calibration factors for
shipboard instruments. This was the file used by the RVDAS processing software.

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 the rvdascal.txt
file and on the calibrations sheets in the appendix.

Calculating Temperature — ITS-90

T = decimal equivalent of bytes 1-4

Temperature Frequency: F = T/19 +2100

Temperature = 1/{g + h[In(fo/F)] + i[In?(Ff/F)] + JLIN3(F/P)]} -
273.15 (°0)

Calculating Conductivity — ITS-90

C = decimal equivalent of bytes 5-8

Conductivity Frequency f = sqrt(C*2100+6250000)

Conductivity = (g + hf? + i + JF)/[10(1 + &t + ep)]
(siemens/meter)

t = temperature (°C); p = pressure (decibars); 8 = Ctcor; ¢ =
CPcor

Calculating Fluorometry Voltage

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

Calculating Transmittance

Vgark = 0.058 V

Vieg = 4.765 V

t = decimal equivalent of bytes 18 — 20
Transmissometer Voltage (Vsignai) = t/819

% Transmittance = (Vsignal - Vdark) / (Vref - Vdark)

PAR

raw data = mV

calibration scale = 6.27 V/(uEinstiens/cm ?sec)

offset (Mgark) = 0.3 mV

(raw mV - Vga)/scale x 10* cm®/m? x 107 V/mV= pEinstiens/m?sec
or

(data mV — 0.3 mV) x 1.65 (uEinstiens/m?sec)/mV =
uEinstiens/m?sec
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PIR
raw data = mV

calibration scale = 3.86 x 10 Vv/(W/m?)
data mV / (scale x 103 mV/V ) = W/m?

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

PSP

raw data = mV

calibration scale = 8.19 x 10°% V/(W/m?)
data mvV / (scale x 10° mv/V) = W/m?

or

data mV x 120.7 (W/m?)/V = W/m?
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Acquisition Problems, Events, and Notes

This section lists problems with acquisition noted during this cruise including instrument
failures, data acquisition system failures and any other factor affecting this data set. The
format is ddd:hh:mm (ddd is year-day, hh is hour, and mm is minute). Times are reported
in GMT.

Issues were encountered with sensors on NBP0508 as follows:

e The Knudsen generated bathymetry data on NBP0508. The Knudsen stopped
functioning on JD303. The Bathy 2000 collected bathymetry data while the Knudsen
was repaired. The (repaired) Knudsen replaced the Bathy on JD318. The Knudsen
collected bathymetry data for the remainder of the cruise.

e Simrad (Sim1) logging took place during CTD’s.

e The ADCP interfered with the HTI, and therefore it was turned off at various times
during the cruise.

e GUV logging was disabled when PUV casts took place.

e During deep CTD casts, the Knudsen was put in “pinger” mode. Knudsen logging
was affected during these times.

Start End Description

299:10:00 Started instrument logging, departed Lyttelton, New Zealand.

302:13:30 Left New Zealand EEZ.

303:00:35 End of good data collection from Knudsen. Knudsen replaced
with Bathy 2000.

303:01:28 Bathy 2000 logging enabled.

308:19:44 308:20:15 Stop GUV logger for PUV cast (Restart GUV logger.). Reset
GUV update rate to 65 at request of Science Party. Restart
GUV logging at 20:15.

311:23:37 Turned on ADCP BT.

313:07:56 313:23:13 | ADCP not collecting data. ADCP back online at 23:13.
314:00:45 Restarted GUV after PUV cast.

315:00:20 ADCP restarted.

315:22:50 ADCP restarted.

316:06:50 ADCP restarted.

316:09:21 ADCP enabled.

317:02:20 317:02:29 Primary data logging server locked up. Server back online/data
logging resumed within 10 min.

317:09:00 Approx time when Bathy was turned off at request of Science
Party.

317:13:23 Bathy pinging and logging restarted.

318:05:36 Stopped Bathy 2000 logging. Switched to Knudsen for
remainder of cruise.

318:05:50 Started Knudsen logging.

318:10:26 320:21:07 | ADCP enabled.
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320:23:43 321:17:30 | ADCP enabled.

321:06:23 321:07:15 At the request of Pl stopped logging & processed 6 hours of

data
323:23:20 Sim transducer set to passive; Sim output off
324:00:08 Start Sim 38kHz, Sim output on.

324:00:15 324:10:45 PCO2 logging stopped. Restarted program.

326:14:10 326:14:17 Primary data logging server locked up. Server back online/data
logging resumed within 10 min.

326:21:00 Entered new sound velocity in Knudsen based on CTD =
1440m/s.

326:23:16 327:13:05 ADCP enabled.

327:01:45 327:04:27 Knudsen data collection offline.

327:14:52 327:16:51 ADCP enabled.

328:11:55 328:14:49 ADCP enabled.

329:22:43 330:00:49 Knudsen data collection offline.

330:07:03 330:18:26 Knudsen logging junk data. Knudsen back online at 18:26.

333:06:17 Started GUV.

333:11:59 Started Knudsen — low frequency.

334:04:50 ADCP enabled.

336:13:08 336:13:32 Knudsen disabled due to serial connector issue.
339:05:20 GUV restarted.

342:11:23 Entered New Zealand EEZ.

343:19:31 343:20:43 | ADCP’s disabled for CTD cast.

344:00:00 Ended data logging for NBP0508.
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Appendix: Sensors and Calibrations

NBP0508 Sensors

Sensor Description ‘ Serial # ‘ Last ‘ Comments
Calibration
Date
Meteorology & Radiometers
Port Anemometer RM Young 5106 WM46262 12/12/04 | Port side
installed 8/7/05
Stbd Anemometer RM Young 5106 WM51143 10/07/05 | Stbd side
installed
10/22/05
Barometer RM Young 61201 01706 04/23/05 | Installed
04/23/05
Humidity/Wet Temp RM Young 41372LC 06733 06/24/05 | Installed
4/23/05
PIR (Pyrgeometer) Eppley PIR 33023F3 01/20/05 | Installed
4/25/05
PSP (Pyranometer) Eppley PSP 33090F3 11/8/04 Installed
4/25/05
PAR (Mast) BSI-QSR-240 6356 05/16/05 | Installed
7/16/05
GUV (Mast) BSI GUV-2511 25110203114 | 09/07/05 | Installed
10/3/04
PUV (Underwater) BSI PUV-2500 25000203114 | 09/07/05 | Installed
11/1/05
PRR (Mast) BSI PRR-610 9696 01/09/04 | Installed
11/1/05
PRR (Underwater) BSI PRR-600 9695 01/09/04 | Installed
11/1/05
Underway
TSG SeaBird SBE21 2131020- 02/01/05 | Installed
3198 2/27/05
TSG Remote Temp SeaBird 3-01/S 031267 01/27/05 | Installed
4/23/05
Fluorometer Turner 10-AU-005 5333-FRXX | N/A Installed
4/14/04
Transmissometer WET Labs C-Star CST-557DR | 04/07/05 | Installed
9/16/05
Magnetometer EG&G G-866 n/a
Gravimeter LaCoste & Romberg n/a Gravity Tie
Gravity Meter 10/24/05
Bathymetry Simrad EK500 3001 n/a
Bathymetry Knudsen 320B/R n/a
Bathymetry Bathy 2000 n/a
Other
P-Code GPS Trimble 20636-00 (SM) | 0220035116 | n/a
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NBPO0508 CTD Sensors

Sensor Description Serial # Last Comments
Calibration
Date
CTD Fish SeaBird model SBE 9+ 09P7536- 04/18/05 | Installed on
0328 10/28/05 on
30L Rosette
CTD Fish Pressure Paroscientific model 410K- | 53980 04/18/05 | Installed on
105 pressure sensor 10/28/05 on
30L Rosette
CTD Deck Unit SeaBird model SBE 11+ 11P19858- n/a
0490
Primary Temperature SeaBird model 3-02/F 031541 01/20/05
Sensor
Secondary SeaBird model 3-02/F 031649 01/20/05
Temperature Sensor
Primary Conductivity SeaBird model 4-02/0 041431 01/20/05
Sensor
Secondary SeaBird model 4C 042069 01/20/05
Conductivity Sensor
Dissolved Oxygen SeaBird model SBE43 430082 02/11/05
Sensor
PAR Sensor Biospherical Instruments 4717 08/16/05
QSP-2300
CTD Fluorometer WET Labs Chlorophyll AFLT-009 03/21/05
Fluorometer
CTD Transmissometer | WET Labs C-Star CST-889DR | 08/08/05
CTD Pump (Primary) SeaBird 5T, PN 90160 051642 12/01/04
3.0K
CTD Pump SeaBird 5T, PN 90160 051645 01/10/04
(Secondary) 3.0K
Bottom Contact Switch | SeaBird #1 n/a
Pinger OIS 6000 (6000m) 5117 n/a New battery
installed
10/30/05
Slip Ring Assembly 1.406 n/a Installed
3/27/04
Carousel Water SeaBird SBE-32 3214153- n/a Installed
Sampler 0140 10/25/05 on

30L Rosette
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CALIBRATIONS

The following pages are replicas of calibration sheets for the sensors used during this
cruise.

Gravity Tie
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.

Date:  [10/2412005 ] Reference Code Numbers:
Location: Lyttelton/Christchurch, New Zealand ADIC 0217-0
Station:  Ranger's Hut, Botanical Gardens IGC 48732A
Latitude: 4331.77 S DSIR P11
Longitude: 172 37.18E GW 79
Elevation: 6.7 meters NHO 16

Cravity:  980484.29

Value Time (GMT) ST (cu) Gravity (cu)
Ship's mater before gravity tie (Digital Gravity) 8177.3 00:31 8177.1 8177.3
Ship's meter after gravity tie (Digital Gravity) 8177.3] 04:31 8177.7 8177.3
Average 8177.5]
Ship Gravimeter's Calibration Constant 1.0046
Corrected ship's meter (Digital Gravity) 8215.1
Value Time (GMT)
Ship's meter before gravity tie (serial, RVDAS) 8177.6 00:35
Ship's meter after gravity tie (serial, RVDAS) 8177.6 04:34
Average (for comparison check only) 81 77.5'
Portable Gravimeter Correction Divisor 1.007937
Station Value Time (GMT) Temp Date
OBS mgal,
Pier measurement 1 4122.82) 01:12 53.5 October 24, 2005 | averaged
Pier measurement 2 412283 01:14 53.5 October 24, 2005 4090.34
Pier measurement 3 4122.75 01:15 53.5 October 24, 2005
Average 4122.80
0BS mgal,
Station measurement 1 4091.18|  02:26 53.5 October 24, 2005 | 3veraged
Station measurement 2 4091.17] 02:28 53.5 Octlober 24, 2005 4058.95]
Station measurement 3 4091.16 02:29 53.5 Qctober 24, 2005
Average 4081.17
0OBS magal,
Pier measurement 4 4122.86 04:21 53.5 Qctober 24, 2005 averaged
Pier measurement 5 4122.88 04:22 53.5 October 24, 2005 4090.40
Pier measuremient 6 4122.85 04:24 53.5 October 24, 2005
Average 4122.86
Gravily offset from last tie 972304.[2
Drift since last tie 6.32
Comments
OBS Differences ease clear up discrepancy of which "digiial gravity” value
Station to Pier (1, 2, & 3 averaged) 313g| l©useamongs ‘ST(W\)I'a fﬂf;’g"bﬁﬁ‘é and QCGeavity)from
Station to Pier (4, 5, & 6 averaged) 31.44 :
Ave”,iged D_'ffer gnces ST e Also, spreadsheet doesn't seem to be calculating correctly
Gravity at pier ) 980525.70 5 o ook at cell 17 which has the average of 8177.3 & 8177.3
Elevanc‘m of plfer above gravimeter, meters -1.0 as 8177.5 - not in my math
Earth differential gravity, mgal/meter 0.3
Gravity at ship's gravimeter 980525.40| shore tie completed by J. Lenorovitz at fueling pier in Lyttleton
Gravity Offset 972310.34 Harbor (from port side of ship). Note: Elevation of pier
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METEROLOGY SYSTEM

Anemometer (Port)

RM Young Anemometer Calibration, Model 05106

sin:[26262 | Date:[72Dec04]  cald By:[W Gallagher |
Clockwise | Calculated | Measured
Cal Motor | Windspead | Windspaed Measured Dedta
APM m's m's Dalta mJs Knote Direction | Direction | Direction
0 0.00 0.0 0.0 0.0 4] | 1 0
200 0.98 0.8 0.1 1.8 < | J0 0
500 2.45 2.3 0.2 4.8 &0 &0 0
1000 4.90 4.9 0.0 2.5 a0 ag 1
1500 7.35 7.4 0.1 14.3 120 118 1
2000 980] 9.8 0.0 19.0 150] 145 1
3000 14.70] 148 -0.1 28.6 180] 179 1
4000] 19.60] 198 0.2 38.1 210] 210 0
5000 2450 248 -0.3 47.6 240] 241 -1
&000] 29.40 28.8 -0.4 57.1 270 272 -2
7000] 34.30 4.7 -0.4 BE.6 300 302 -2
8000 39.20 398 -0.6 75.2 330 332 =2
9000 44 .10 447 -0.8 BT 0 1 -1
10000 49.00 497 -0.7 95.2
12000 58.80 59.5 0.7 114.2 Mote: Delta direction should not
exceed + or- 3 degrees,
Cournter
Clockwise | Calculated | Measured Caution: Do Not exceed 12000 rpm during Wind
Cal Motor | Windspeed | Windspeed Speed test.
RPFM mis mis Dofta mis
0 0.00 0.0 0.0 Wind Speed Thrashold < 2.9 gm?]  ves
200 0.98 0.9 0.1 Wind Direction Threshold < 30 gm?]  ves
500 245 2.3 0.2
1000 4,90 4.9 0.0
1500 7.35 7.3 0.0
2000 9.80 9.8 0.0 Additional Comments
2000 14.70 14.8 0.1 INSTALLED NEW BEARINGS AND
2000 19.60 19.8 0.2 PROPELLER SHAFT. TESTED OKAY
5000 24.50 24 .8 -0.3
G000 28.40 28.8 -0.4
7000 34.30 34.8 -0.5
8OO0 39.20 39.8 -0.6
000 4410 44,7 -0.6
10000]  49.00] 498 -0.8
12000] 58.80] 59.7 -0.9

Note: Delta Windspeed should not exceed
+ of - 0.3 m/s for 0 - 5000 pm
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Anemometer (Starboard)

RM Young Anemometer Calibration, Model 05106

S/N:[51143 ] Date:[ 07-Oct-05 Cal'd By:[J. Cenorovitz |
Clockwise | Calcutated | Measured
Cal Maotor | Windspeed | Windspead Measured Delta
RPM mis m/s Delta mis Kniots Direction | Direction | Direction
Q 0.00 0.00 0.00 0.0 0 0 0]
200 0.98 0.890 0.08 1.9 30 30 0
500 2.45 2.35 0.10 4.8 60 60 0
1000 4.90 4.85 0.05 8.5 90 80 0
1500 7.35 7.35 0.00 14.3 120] 120 0
2000 9.80 9.80 0.00 19.0 150 150 0
3000 14.70 14.75 -0.05 28.6 180 180 0
4000 19.60 19.75 -0.15 38.1 210 208 2
5000 24501 24.70 -0.20 47.6 240 238 1
6000 20401 2965 -0.25 57.1 270 269 1
7000 34.30] 3465 -0.35 66.6 300 300 0
8000 39.20 39.60 -0.40 76.2 330 330 0
9000 44.10] 4455 -0.45 85.7 O 0 0
10000 49.00]  49.50 -0.50 95.2
12000 58.80 59.35 -0.55 114.2 Note: Delta direction should not
exceed + or- 3 degrees.
Counter
Clockwise | Calculated | Measured Caution: Do Mot exceed 12000 rpm during Wind
Cal Motor | Windspeed | Windspeed Speed test.
APM ms mis Dalta m/s
0 0.00 0.00 0.00 Wind Speed Threshold < 2.9 gm?|  yes
200 0.98 0.85 0.13 Wind Direction Threshold < 30 gm?]  ves
500 2.45 2.35 0.10
1000 4.80) 4.85 0.05
1500 7.35 7.35 0.00
2000 9.80 9.75 0.05 Additional Comments
3000 14.70 14.75 -0.05 MNo repairs or adjustments needed. Linit was]
4000 19.60] 18.75 -0.15 spot an from the drawer
5000 24500 2470 -0.20
BO00 29.40f 2965 -0.25
7000 34.30] 3485 -0.35
8000 39.20] 3955 -0.35
2000 44.10] 4455 -0.45
10000 49.00] 49.50 -0.50
12000 58.80] 59.35 -0.55

MNote: Delta Windspeed should not exceed
+or - 0.3 m/s for O - 5000 rpm
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Humidity / Wet Temp

A R.M., Young Company
R0 Asro Park Drive

Traverse City, Michigan 49686 USA
YOUNG
Temperature Sensor Calibration Report

Customer: Raytheon Polar Services

Test Number: 56163 Customer PO: RM12274-50
Tes! Date: 24 June 2005 Sales Order: 7837

Tesl A
Model: 41372LC Serial Number: 6733
Dascription: Temperature/Relative Humidity Sensor

Report of calbrafion comparison of st lemperature sensor with National Institute of Standards and
Technology raceable standard thermometers at three femperatures in the R.M. Young Company cantrollad
temparature calibration bath faciities. Calibration accuracy + 010 Celsius

Bath Current Indicatad (1)
Temperature Output Temperature
(degrees C) (millismps} idegrees C}
-49.98 4.005 -49.87
0.03 12.004 002
5004 20.006 50.04
{1) Calculated from current cutput

All reference equipment used in this calibrafion procedure have been tested by comparison 1o lraceab/e
standards cerified by the National Institute of Standards and Technology.

Reference Instrument Serial # NIST Test Reference
Brooklyn Thermameter Model 43-FC B006-118 204365
Brooklyn Thermometsr Model 22332-D5-FC 25071 248782
Brooklyn Thermormeler Model 2X400-D7-FC TT532 228060
Kaithlay Mullimeter Madel 191 15232 234027

Tested By: M

i 2315461080 Fan 2I-SE6-4T7] Bmad mietsales @ yourguisa com  Websihe: Wi yoUngLEa oam
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PIR

THE EPPLEY LABORATORY, INC.
12 Shelfield Ave, PO Box 419, Newporl, Rl 02840 LUSA
Telepnone 401-847-1020 Fax: 401-847-1031
Email: eplabggmail bbsnet.com Internet; wuow . eppleviab. com gttt )

Sownbhic Asrpmdnls

Bance 1047

STANDARDIZATION OF
EPPLEY PRECISION INFRARED RADIOMETER
Model PIR

Serial Number: 33023F3

Resistance: 764 L2 at 23 °C
Temperature Compensation Hange: -20 to &0 *C

This pyrgeometer has been compared with Precision Infrared
Radiometer, Serial Number 28326F3 in Eppley's Elackbody
Calibration System under radiation intensities of approzimately

200

AS
hav

The

watts meter™ and an average ambient temperature of 25 °C,

a result of a series of comparisons, it has been found to
& t

& sensitivity of;

3. * 10" v i . meter™
J.8b 16°% volts/watts t -

calculation of this constant is based on the fact that the

relationship between radiation intensity and emf is rectilinear

tTe

2

intensities of 700 watts meter™. This radiometer is linear

to within #£1.0% up toe this intensity.

The

calibration of this instrument is traceable to the

Internaticnal Practical Temperature Scale {(IPT3) through a
= -

precisien low-temperature blackbody.

Shipped to: Date of Test: January 20, 2005
National Science Foundation

Port Hueneme, CA In Charge of Tes::-,-t‘;:’?'_'{;,,,_,._‘__‘_
S.0. Number: &O151 L i .f
Date: January 24, 2005 Reviewsd by: F&DMLhi |T}£+._ &

Eemarks:
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THE EPPLEY LABORATORY, INC.
12 Sheflield Ave. P.O Box 419, Newporl, Rl 02840 USA EPLAB

Talephone: 401-B47-1020 Fax 401-847-1031
Email; eplab@mail bbsnet.com Internet: www_eppleylab,com b
Bemee 1047
STANDARDIZATION
OF

EPPLEY PRECISION SPECTRAL PYRANOMETER
Model PSP

Serial Number: 33090F3

Resistance: RY99 L1 at 23 "C
Temperature Compensation Range: -2 to A0 TC

This radiometer has been compared with Standard Precision Spectral
Pyranometer; Serial Mumber 21231F3 in Eppley's Integrating
Hemisphere under radiation intensities of approximately 700 watts
meter” (roughly cne-half a solar constant). The adopted calibration
temperature is 25 .

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

g.19 x 107" volts/watts meter™’

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™, This radiometer is linear to
within £ 0.5% up to this intensity.

The calibratien of this instrument is traceable to standard self-
calibrating cawvity pyrheliometers in terms of the Systems
Internationale des Unites (5I units}, which participated in the
Minth Internaticnal Pyrheliometric Comparisons (IPC IX} at Davos,
Switzerland in September-October 2000.

Useful conversion facts: 1 cal em™ min™® = £97.3 watts meter™
1 BTU/fe’~hr™? = 3.153 watts meter™

Shipped to: Date of Test: November 8, 2004

National Science Foundation R

Port Hueneme, CA In Charge of Test’:fzf%
Fallf

8.0. Number: gpp7e e )=

Date: November 11, 2004 Envisesd by [ hewn ’-)_'f} o #‘f

Remarks: !
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PAR

QSR240R 052485

Biospherical Instruments Inc.

CALIBRATION CERTIFICATE

Calibration Date
Model Number
Serial Number
Oparator TPG
Standard Lamp 99189(4/12/05)
Probe Excitation Voltage Range:
Output Pokarity: POSITIVE

AME2005
QSR-240
6356

18 VDG +)

Prabe i ibrationiin air):

Calibration Voltage:
Probe Curent

VDC(+)
mA

Erobe Output Voltage:

i
'
i

Proba [lurminated
Probe Dark
Probe Mat Response

86.9

86.8

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

8.34E+15 guanta/cm®sec
_ 001384 uE/cm'sec

Calibration Factor
{To calculate iradiance, divide the net voltage reading in Volls by this value.)

Dry: 1 04E-17 Ur[qmnm:fcrrr’sen}
B.27E+D0  Vi(uElem®sec)

Habas-

1. Anmual calibeation & recommendesd

2. Calibration ls performed using a Standard of Spectral liradiance traceabs io the
Nafional Inst#ute of Standards and Technalegy (MIST).

A The cofector should be cleanad frequently with alcahal,

4 Calibration was perfarmed with customer cable, when avallable
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GUV

-2 &

Biospherical Instruments Inc.

ko >

GUV-2511 Calibration Certificate
System Serial Number »n Date of Calibration 9-07-05
Callbration detabase 251102031 14v3. mdb Date of Certificate 9/B2005
DASSN 0068 Standard of Spectral irradiance D0188
Microprocessor Tag Number 4 Operator TC
i Scalelarge
[Amps per [Volts per [Voits per [Volts par  OffsetSmall OffsetMediu Offsetlarge  Measurement
Channels  Address  [nm] Wiem nmj] pWicmtnml] pWilemtnmi] pWitem*nmj]  [volts] m [voits] [volts] Units
Ed0320 -] 329 24852810 25451ED5  TABSBE-03  2.34B0E+00 -1.5175E-04 -1 5E3SEL4  BOEIIE-DS VWi crrnm)
Ed0340 ] 340 18288610 19671EDE  STATIEDS  1GTISE4D0  1.12B0E04 1.1544E04 SO0HE-O4 HVIcemPnen)
Ed0313 [ 3 23028510 24405605  TA290E-03 250286400 B0291ED4 7BE35E-04 -14908EL3 pWiomnm)
Edd308 10 305 1.287EE-11 13133E068  3IBIS6E-D4 1 MBEEDY 22BE3E-04 23016E-D4  BOATIE-D4 Wk eminm)
Ed0380 12 380 8210BE-11  BATSOE-DE  2448BE-03 TA4B0E0Y 21481E04 200960E04 2O0STED4  pWWieminm)
Ed038s 18 400-700  29628E-10  3021BE-0S  BE2B4E-03  27007E4O0 2E2IELA  26200E-04 11499609 uhi{omnm)
Responaiily Scalesmall SoaleMedium Scalelarge
[Amps per [Vioits per [Vioilts per [Volts per  OffsatSmall OffsetMediu Offsetlarge Measurement
Channels  Address  [nm] WEffem*s)]  pEfem*s)]  pEffem*s)]  pEfem"sl] [voits] m [wolts] [vaits] Units
EdOPAR 13 o 1.7004E05  17438E+400  SOSMIE+02  1.8003E40S 4. 17O7ED4  41354E04  EOTTTE-D4 pENcm=sec)
I~ Auxiiliary Weasurement |
Channels  Address Wavelength Responsivity — Scales ScaleM Scalel. Cffsats OffsatM Offsetl. Units
Ed0Tamp il ] 1,0000E+00  1.00008-02 1.00D0E02 1000002 O.0DDOE+00 O.0000E+00 0 ODOOE-+00 [+
EdOVin Fid o 1.0000E+00 -25000E-01 -250005-01 -25000E-01 D.ODOOE+C0 ODODDE+DO  O.0DOGE+D0 v
© Biospherical Instruments Inc., 5340 Riley Street, San Diego, California 92037 USA. Contact supportahisspherical.com for more information.
Calibration Data — Do Not Destroy page 2of 2
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PUV

% )
i y Biospherical Instruments Inc.
* >
PUV-2500 Calibration Certificate
Calibration factors are immersion corrected for use under water
Systam Serial Number 25000203114
libration database 250002031 14v3. mdb Date of Calibration 9-07-05
DASSN 0085 Date of Certificate 2005
Microprocessor Tag Number 1 Standard of Spectral Irradiance a9188
Operator TC
ScaleLarge
[Amps par  [Volts per [Volts par  [Volts per  OffsetSmall OffsetMediu Offsstiarge  Measurement
Channels  Address. frm] ihjem®nmj] pWiem®nmj] AN cminm)] picm®nm]]  eolts] m [volts] [volts] Units
EdZI08 3 305 1865ZE-11 10025608 SS5583E04 1 GEIME-D1 -42PG0E05 E1T1IEDS 7 OTBME-DS WWiTererim)
EdZI13 5 3 T4411E-10  1.4700E-D5 4 2948E03  15116E+00 1 S947E-04 | E1B4E-04 1| T408E-D4 MWiiTemnim)
EdZI20 g 320 1MMBSE10 1 3ITESEDS  40218E43  1MBOE+D0 3MBED4 3 1244ED4 A 13STE-DA WWerrinm)
EdZ385 10 385 23525610 23885E-05  V.ONMELS  21867TE+00 13588E-04 1 196EE-04 1 BG4SE-D4 WiierrPrim)
EAZI40 " 340 10800E-10  1111BE-05 3 2481E03  10SG1E+D0 19811E-D4 1B548E-D4 5 1597E-D4 HIferrinm)
EdZ380 1B AD0-TO0 &1832E-11 B3I1TIE-08 18458603  SE9TE-01 -1 7a72E-04 -1 OXESED4 -1 BETEE-ID iiernm)
Responalvity  ScaleSmall  ScaleMedium  ScaleLarge
Broadband Wavelength  [Amps per [Volts per [Volis per [Volis per  OffseiSmall OffseiMediu OfsetLarge  Measurement
Channels  Address [rem] pENecm®s]]  pENom™s]]  pElfem’s]]  pEfem*s)]  [velts] m [volts] [volts] Units
EdZPAR 14 o 1770BEDS  1B0BZE400 52770EMR 1 BS8TE40S -25408E-04 2TZBEED4  -23888E00 WE/{cmisec)
LuZChi 15 o 5.4318E-11 6 5405E-08 1618743 577B8E-01 T HMM0E-08 STSTREDS -4 3020E-05 nEfsrmses)
[ Auxiiitary Weasurement |
Channals Address Wavelength Responsivity Scaled ScaleM Bcalel Offsets OffsetM Offsotl. Units
EdZGnd 0 o 1 1.0000 1.0000 1.0000 0,0000 ©.0000 0.0000 amps
WTemp 20 o 10000E+00  18962E-01 180820 1 BOSDED1 4 JUSEDZ 43G2E0Z  4303SED c
Depih 3l a 10000E+00 25533602 25533642 25530602 2BG43E01  ZBG43EDN 2BB43E-DY m
EdZTemp 2 o 10000E+00  10000E-02. 1 0000E4R  1.0000E-02 OOXOE+DD 0COC0E+IO O 0DDOE+00 @
LuZTemp 2 a 1.0000E+00 1,0000E-02 10000E02  1.0000E-02 O.OD00E+Q0 0.0000E+00  (O.0DDOE+00 c
Tt 24 a 1.0000E+00  3TSCMEO2 3 TSMEQZ 3 TSME-(2  J4400E+D0 I4400E+00 3 4400E400 :
Roll 25 o 10000E+00  34D85E-02  34085ER 14085502 I54TBE.D0 3547SE4D0 3 S4THE+00 :
EdVin Fi 5] 10000E+00  -25000E-01 -2 5000E-D1 -2 S000E-0M  DOOGOE«<00 0.0000E+0D  O.0000E+00 W
Calibration Data — Do Not Destroy page 2 of 3
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PRR (Mast)

Biospherical Instruments Inec.
Calibration Certificate for PRR Spectroradiometer

Calibration Date: _ 1/2/2004 Job:  RES81
Model Number:  PRR-610
Serial Number: 0808
Operator: TPC
Standard Lamp: 9870045M19/01)

| Cabbration Calibration
Voitage - Calibration Factor - Dry
Gh Tag *{nm) Lamp Output  Dark”  Voltage - Light (i) Max E (Dry}
SURFACE IRRADIANCE CHANNELS Irradiance Units- jiicm nm, E = Iradiance

1 2 412 FETH 0.000778 0.08ES17 -0.034E64 2E5.8
2 2 443 3.835 0.000537 0128277 -0.033850 208 4
302 480 6,380 0000325 0228434 -0.035229 2839
4 2 510 7.5 0.000742 «0. 273080 el ] 2mM.Aa
5 2 655 10,444 0.000210 0, 385555 D.034074 2035
B 2 BE5 16.920 0000442 -0. 588681 H0a4T08 2881
T 2 PARY Qs 0.000502 -0,238060 15,7 19604 [
B 2 Gad™ 0.000428  \Wolts

Calibration Factors; DRY = {Light - Dark)Lamg Dutput

NOMINAL TO ACTUAL VOLTAGE CONVERSION FACTORS (For use with external sensors, only, ses manual)

Irv. Array
Scale 1.06T455
Offsat 000802
Full Scale Voltags 59,3681
FIRMWARE VERSION

Tag 2

Surtace ROM
Nobas:

1, Annual cabbraton (8 recommended.

2. Calibralions were made 3l approsamately 20 b 30 °C.

3) Dark velues regresent 3 Blocking of the calbrason sourcs, These values should not be used as e oltsel’ when
enbaring vahes inlo e calibration fie. Usa the lolaly dark sensor values cblained al the temperabure where the
inestrurment will be used,

4) PAR srediance units are pEinsleins/em’ sec.

51 NominalTypical valueds).

PRA-G10 010396
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PRR (Underwater)

Biospherical Instruments Inc.
Calibration Cartificate for PRR Spectroradiometer

Calibration Date: _ 1/2/2004 Job: _ RESE0
Model Number:  PRRE-600
Sarial Humber: 9685
Operator: TRC

Standard Lamp: SETO0{S/18/01)

Lamg Immersian Callbration Callbration  Calibration
i Coelfici Woltage - Factor - Dry Factor - Wet
Ch Tag * (nm} 50 cm {Typs P6-2) Voliage -Dark™  Light m (Vi) Max E (Dry)
DOWHWELLING IRRADIANCE CHANNELS Iradiamce Units: ‘am, E = lrradlance
T @ 412 2487 nETT 000038 .077HE 0081054 0029022 3219
2 0 &3 3.835 0682 0DCOOST <. 115412 L.031152 0021243 ma
3 o &8 &.380 0BR0 0000034 {1 20310 L0353 02673 J4
4 @ &l T8 .68 [ DOCO0E 423380 D030TM D020E 340
L ] 10881 0.7 000055 0336024 D018 0022574 Al
& 0 BES RS a.ram ~0.000038 0578613 0004184 D0HEZE fra R
7 0 PARY 1518 2.7 0000232 AHO0E0  -TLESTSIE . TOOET4 0722 JEinstension? sec
a0 Gnd" D.000048  Volks
Galbration Factar. WET = ([Light - Dark) « Immars. Coaft, Flamp Outgat
[ORY = [Light - DarkpLarmp Cutput
Lamp Immarsion PFlaque Callbraban  CAlbBraion  Casbration  Calbrasion
wradiance i@ Coefficlent Reflectivity Vaoltage -  Voltage - Voltage - Factor - Wet
ChTag a(nml  S0cm (BT window) 2389512  Radisncs® Duarks Biocked” Light (VW] WA L (wat)
UPWELLING RAIMANCE CHANNELS Radi Units: pWiem™ nmeas, L = Radiance
2 9 a1 2.487 1747 [T 0.032 D000 <000027E 0038552 L H1TETE 5
21 a8 3835 1742 0291 003 000002 0000005 04882 0 BEATE 1.5
L | &0 5.380 1735 ik ) 0.068 0000124 0000085 40, 109067 -1 0BB4ET 8.2
5 1 810 7881 LTR oaat 0.08% 00020 000027 40134537 -1.127518 B9
81 545 10.441 (-] ik 1 0,054 [0.0001 47 [.000115 <0.240297 =1.472111 6.8
¥ 4 865 16.820 1781 0842 0153 L0000 000154 <1, 136543 -1, 1BBS3) B.4
8 1 Ged 0000027 Volis

Dy Radance = [Lamo Cwipul « Plague Refleciivity x Lamp Distance Facioriin
Lamg Distance Facte = (50 am|i296.2 cm)’

Calbration Facior. WET = {Light - DarkV(Dvy Radiance » Coatficent)
% 0 TEMPERATURE"" Ti re = [Volage - (ifsetdScale
Scale QA0
Offeat 00103
10 0 FRESSUREDEPTH"" bars ar meters) = (a x Voltage'| » [b & Valtags] = &
Seals Factor "a* 08122 Fraliler
Scale Fatior "b" 64,8815 Scale
Offsat “c” 24,4882 Cift st -0 365680
WOMINAL T ACTUAL VOLTAGE CONVERSION FAGTORS (Far tse wilh oxtormal sensars, only, see manisl]
i Amey  Rad Avay
Scale Factor 1.088754 1.087465
Oftsst 0600047 0.000139
Full Seabe Vobage 93742 51857
FIRMWARE VERSIOM{S}
Tag & Tag 1
Undsrwatsenion [ Zrasm ] mes ]
Motas

1. Annual calwation |5 recommerded.

2 Gakbralions wens parformed of appradmatsly 20 16 30 °C,

3] "Dak" iradiancs and "Biocked” moance values represant a Blocaing of e calbration sourca, These values should nof be used
A% i Dites” whan snierng valkss inlo Ma caibraton Slo. Use e lolaly dark sersor vakess oblained 21 the emparatuna whern
tha instrurment wil be wmed.

4] PAR iradianca units are pEnsleinsiomse:.

5} Norminal Typical valueds),

B Far conyersion of area o solid angle, & 1080 ididsar) of Pis incorporaled.

T Wisitar lemparaburg Sensor

51 A changs n deph of § matar in seawatar comesponds o appraimalaly & 1 dbar charga in pressura.

9)This channelisansa was nol cakbraind during this senvice period.

PRA-500 D10aa8
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TSG CALIBRATION FILES

Underway Conductivity

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phome: [425) 643 - 9866 Fax (425) 643 - 5854 Email: seabirdi@seabird com

SENSOR SERIAL NMUMBER: 3198
CALIBRATION DATE: 01-Feb-D5

SBEX CONDUCTIVITY CALIBRATION DATA
PSS 1978 Cr35,15,00 = 4.2914 Seimens/meter

GHU COEFFICIENTS ABCDM COEFFICIENTS
g = =4, 26982501e+00 a = 1,B4605226a-006
b= 5.0445122%e-001 B o= 5§ 025806%Es-001
i = =5 14E40226e~004 o = —-4.26144824e+000
5.0151614Be~-005% d = -A.885382%2e-005
-8.5700e-008 |(nominal] m = 5.0
Ole=1 ineminal) IPodr = =59.5700e=-008 {nominall

BATH SAL  BATH COND

INSTFREQ  INST COND RESIDUAL

(PSLIY (Siemens'm) {kHz}) {Siemens/m) {Siemens/m)

D_ooon 0, ooood 2.91244 3, aneoa G. 00000

34,7963 2:97441 B-21830 2.87443 0. 0nGo:

34.7 3,2p129 B.58001 3.2B127 =0. 00001

34,7 4,26238 9. 644585 4.26236 —-.00003

30,728 4,60729 9.93140 4. 60728 —0. 00001

34,7124 2.16487 10.52745 B.16452 0.0000s

23 J 34,7074 3. 6B649 11.00453 368847 =11, D]
12 5001 34,1057 &.0584808 11.33265 6. 05HBE =0. 00001

Condcrivity = (g W+ i Ijl'IHHJ[| + 8 + gp) Sitmensmeder

Conductivily = (af™ + B + ¢4 d) S TR0 {0 Sep) Siemensimeter
t = temperature{*C]|; p = pressurefdecibars], & = CTeor: € = CPeor;
Residual = (instrument conductivity - bath conductivity) using g, b, §, j coefficients

0002
0.001 .
P - 8 B

£ ; B
1)
® 0.0003 ~ - S SIS NSRS
8
8
o

-0.001 I

0,003 A l Ll L L T e e 1 IJ.!II II.I_. |

0 1 2 3 4 5 &

Conductivity (Siemensim)

Late, Slope Correction

® | 10-Dec-03 050598423
& | 01-Feb-05 1.0000000

POST CRUISE
CALIBRATION
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Underway Temperature Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: (425) 543 - BBGE Fax (425) B43 - D954 Email- seabird@seabird. com

SENSOR SERIAL NUMBER: 3108 SBE2] TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 01-Feb-05 ITS-90 TEMPRATURE SCALE
ITS-90 COEFFICIENTS ITS-608 COEFFICIENTS
=] 4,27 238a-003 a = 3 84763575e=003
B. 484e=-004 b = :3.33164358e-004
= 1,B783R196e-005 co= 1.57386%90-005
| = 1,08050211e-006 d = 1.,08194%01e=-006&
£ = 1000.0 f0 = 2588.337
BATH TEMF IMSTRUMENT FRED IMNST TEMP RESIDUAL
{1T5-50) {Hz) {ITS-90) (I TS50}
2568.337 00958 0, 00a02
2775.111 4.49%3 -0.00004
3467 ,500 15,0000 0.p00n2
AT23.427 18. 5000 Q. 00a00
11527232 240000 0, Goo0s
4571.184 20, D099 =0, 0000%
4BAL. 480 32.5001 0. 00005

Tesmperature [TS-90 = | g + h[in(E /0] + i{fa i /0] + 0w’ (£ 01} - 27315 °C)
Temperature [TS-68 = 1/{a + I:li.l'.lrl_f"fl'j] B I:I.I'.'rz[fn-'ﬂl + d[n'n"ﬂ'"-'ﬂ]: = 21315 (%C)
Following the recommendation of IPOTS: -I.H is assumed fo be 100024 * T {-2 40 35 °C)
Residual = instrument iemperature - bath temperature

Date, Offset{mdeg C}

0L o @ | 10-Dec-03 -0.19
01-Feb-05 0.00
0.0
)
]
8
g
O 0.00 4 £ L | — -~k
B a -
m
3
=
E
-0.01
_U._D?Illl||||__|L_J_.|__||||||I|LIl"||||'J||
-5 o 5 10 15 20 25 3o 35

Temperature, Degraas C
POST CRUISE
CALIBRATION
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Underway Remote Temperature Sensor

SEA-BIRD ELECTRONICS, INC.

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

SEMSOR SERIAL NUMBER: 1267 SBE3 TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 27-Jan-05 ITS-20 TEMPRATURE SCALE
ITS-80 COEFFICIENTS IT5-68 COEFFICIENTS
g 4, TE6E34Z62e-N03 A= 1.68121281e-003
b = 1670508e=004 b= 5. 8954273 7e-004
158 534e—005 ¢-= '1.47371122e-005
2,601 2684 e-008 d = 4.8dlol04B8e-000
f0 = 1000.0 £ = 5787.057
BATH TEMP INSTRUMENT FRED INST TEMP RESIDUAL
{ITS-90 {Hz) (1TSS} (TS50
. 4960 5707.057 -1.5000 14

B042.071 1.0003
6534. 710 4.5004
10564658 g.0002
1605,713 11.5001
BlES.648 15,0061
4708, 166 18. 5001
9437,953 220002
1011682 e, a2
10817, 954 28,0004
11557.311 32,5000

Temperature ITS-9%0= 1/ {g = h{jn] J'U-'l‘ju] t ilf-'-'!ifh-"ﬁl + j||’rJ|Il'Lr-'!‘,lj} - 27315 (°C)
Temperature IT5-68 = 1/ 4 b[.’ult’:lit}l + E{l'n'lfl'".'ﬂ]* d[.l'n'.'[Fo.'f]]] « 2115 (°C)
Following the recommendation of JPOTS IGB is assumed (o be 100024 = T:-u (-2 3350
Residual = instrument temperature - bath temperature

Drate, Oftset{mdep C)

o | . ® | 21-Mov-03 021
A | 2T-Jan-05 -0.00
0o | |
L
o
['E]
=
g |
S 000 -
=
=
o
o
i
& g4 | |
B 1 oo N e S A !I-'I._I'I!I!I!.III...!'.I!!
-5 ] 5 10 15 20 25 30 a5

Termperature, Degrees C
POST CRUISE

CALIBRATION
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Underway Transmissometer

PO Box 518 f (541} 5295650
820 Applegate 51 i L b Fax (541) 0295277
Philamath, OR 87370 WET k j; a s wiwrw wetlabs com
P
C-Star Calibration
Date  Apnl 7 2008 Customer Raythecn Polar Senice Co Work order D05
Job# 0201020 SN CST-557DR Pathlength 25 cm
Analog meter
Vy 0.080 V
Vi 4851V
Viou 4732V

Temperature of calibration water
Ambient temperature during calibration

200 %G
234 °C

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

To determine beam transmittance: Tr = (W = Ve { (Ve - Vaaad
To determine beam attenuation coefficient c= -1 * In (Tr)
Vy Meter output with the beam blocked, This is the affsat.

Var  Meter output in air with a clear beam path.
Ve  Meter output with chean water in the path

Temperature of calibration water, temperaiure of clean water used to obtain V4

Ambient temperature: meter temperature in air during the calibratian,
Ve  Measured signal cutput of meter

cetarwkbkf1 s Fevision F

11 70E
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CTD SENSORS

CTD Fish Sensor

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: (425) 643 - 9886 Fax (425) B43 - 9954 Emall’ seabird@seabird.com

SENSOR SERIAL NUMBER: 0328

CALIBRATION DATE: 1E-Ape-03

DIGIQUARTE COEFFICIENTS:
=5.8470022+004
C2 = 69103908~ 001
C3 = 1.753360e=-002

Dl = 4. 241600e-002
L2 = 0. 000000e+000
Tl = 3.026040e+00L
T2 = S3ERINa-004

T3 = 4.3301%0e=-006
T4 = s

020250a-000
TG = 0.000000=22000
PRESSLRE INST
{PSIAY OUTPUT{Hz)
14,762 33053.28
2014939 33613.14
4014 .919 14162.20
014,986 34701.04
a014,992 35230.18
10015.554 35749.98
BO14,BROD 37230.20
G014 .E18 34701.08
4014.B1E 34162.23
2014.828 33613.16
14, T&] 13053, 25
Regidual

SBE%nlus PRESSURE CALIBRATION DATA
10000 psia /N 53980

AD5HM, AD5%0R, SLOPE AND OFFSET:

AD590M = 1,13300e=002

ADSO0B = -8.47592a+000

Slops = 1.00004

Offset = =-D.7426 (dbars}
[MST INST CORRECTED INST RESIDUAL
TEMPCY OUTPUT (PSIA)Y OUTPUT (PSIA) (PEIAY
22.0 15,752 14.675 -0. 087
23.1 2014 . BHB -0.083
23.1 1014 .878 -0.041
23.2 014,946 -0.000
23.2 8015.085
23.2 1001%. 0808
23.3 8015%.117
2353 6013, 030
23.:3 4014, %46
23,3 2014.923
23.4 3. 657 14.580

= corrected instrument prassure - reference pressurs

Date, RAvg Offset(psia)
o o T [#] 18-Apr-05  0.00
|
54 | |
=z
|
= 09 . | L
35
= |
o
] |
) |
Ht — LE—
| |
_tuill..!.ill.llIIII_:iII.Il.i'...I.II.l...IIIIII|=.|||||I.IIIJII|
(4] 1000 2000 3000 4000 65000 6000 7000 @000 9000 10000 11000

Pressure {(P51A)
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CTD Fish Pressure

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: (425) 643 - 9886 Fax (425) 843 - 9954 Email seabird@seabird.com

SENSOR SERIAL NUMBER: 0328
CALIBRATION DATE: |B-Apr-05

DIGIQUARTS COEFFICIENTS:

SBE%olus PRESSURE CALIBRATION DATA
10000 psia SN 53980

ADSHM, ADSHR, SLOPE ARD OFFSET:

Cl = =5 847002a+004 BD590M = 1.13300e=002
g2 = 6. 910390e-001 ADS90B = =-8.47592e+000
C3 = 1.753360=a~-002 Slopa = 1.00004
bl = 4.241600a-002 OFffser = =0,7426 (dbars)
L2 = 0. Go0000a+000
Tl = 3.026040e+001
T2 = -1.933ER30a-004
T3 = 4_3301902=006
T4 = 2.020250a-000
TG = 0.000000a+000
PRESSURE INST [NST INST CORRECTED INST RESIDUAL
{PSIA)Y OUTPUT{HZ) TEMP{CY OUTPUT (PSLA) OUTPUT (PSIA) (PEIA]
14,762 33053.20 22.0 15,752 14.675 =0.087
2014,939 33613.14 23.1 2015.BEH 2014. 886 -0.053
4014,91%9 14162.20 23.1 4015.804 4014 .6878 =0.041
G014.986 34701.08 23.2 6015.837 6014, 946 -0.000
BO14,992 35230.1E 23.2 BD15. 861 8015.085 ,083
10015, 554 35749.845 23.2 10015, 800 10015080 -B.455
BO14,BRO 33Z30.240 £3.3 E015.894 8015.117 Q.27
a014.818 34T01.08 23.3 6015.881 6015, 030 G.212
41014.B1& 34le2.23 23.3 4015.823 4014, 996 0. LED
2014,.828 33613.16 23.3 2015.0825 2014.923 0.085
14,761 33053, 25 23.4 15,657 14,580 -0.181
Fesidual = corrected instrument pressure - refersnce pressure
Date, Avg Dfiset(psia)
Wr—T1— [ @] 18-Apr08 000
5 -
|
=
oy
B
= 0- ! * ] ] = - ==t
3
=
oy
[}
o
51 . I il
|
.1[|.11.|...J_I.J_LI..I__J.I (| IJ (1 T O 6 S A R I|
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Pressure (PSIA)
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CTD Temperature (Primary)

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: [425) 643 - 9866 Fax (425) B43 - 9954 Ermail: seabird@seabird com

SENSOR SERIAL NUMBER: 1541 SBEY TEMPERATURE CALIBRATION DATA
CALIBRATION DATE: 20-Jan-05 ITS-90 TEMPRATURE SCALE
ITS-90 COEFFICIENTS | T5-68 COEFFICIENTS

g = 4.B2560% a= 2.68 GG8a- 00

2.41045 P
1..8334 4 -
] 1000, 0 £0 =
BATH TEMP INSTRUMENT FRED INST TEMP RESIIMIAL
(ITS-20) {Hz) (ITS-%0) (FTS-90)
&186.150 =1.4994 (L
65448957 1,0002

4.5001

Temperature ITS-90 = |42 + h{in(T (1)} + iYL 0]l (0]} - 27315 (°C)
Temperature TTS-68 = 1/{a * blint{ /)] + clin (F/] + dlin'(f, D)) - 273,15 (°C)
Following the recommendation of JPOTS: T_is assumed ta be 10024 * T (-21035°C)
Residual = instrument temperature - bath temperaturs

Date, Offsetimdes ©)

0.2 I I » | 16-Dec-03 057
| | [ 20-Jan-0x5 .00
.0
F
-4
8 000 gle o g ‘o _¢_9 9o 8 212
®
<
i
= 501
.n[}zlllll.ll'll.|!|||IIII|.|.|IIII.|.
-5 [} 5 10 15 20 a5 ﬂ‘i‘q-r ('.RU ISE
Ti arature, D 5 G [~ :
emp L Bgred CALIB“ATIUN
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CTD Temperature (Secondary)

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: (425) 643 - 9866 Fax (425) 643 - 5954 Email: seabird@seabird.com

SENSOR SERIAL NUMBER: B64%
CALIBRATION DATE: 20-Jan-05

ITS-% COEFFICIENTS
9 = 4,B0540802a-003

- 10000

BATH TEMP INSTRUMENT FREQ
(ITS-540) (Hz)
=1.449498 958,116
¥ ~598
13, hda

I'-]4."‘].
11144,

11894,

SBE3 TEMPERATURE CALIBRATION DATA
ITS-90 TEMPRATURE SCALE

IT5-68 COEFFICIENTS

FO = 5958116

INST TEMP RESIDUIAL
{ITS-900 (ITS5Hy)
=1.4384 0. 00041

0.aa87
4,4089

Temperature [TS-00 = 1/ + hiinlf /0] + ifin'(£ /0] + il (£ /)3 - 273,15 (°C)
Temperature [TS-68 = 1/{a + bl £ 14 c[.fn!if',‘."ﬂ] + 'd”'l".lli F“-'ﬂll -273.01507C)

Following the recommendation of 1POTS: T, 18 assumed to be 100024 * T, 21035 °C)

Residual

instrument temperature - bath emperaure

Drate, CMfiet{mdeg C)

e | | | i | @203 D22
| & | 20-Jan-05 000
_ 0ot I
o
W
g
g
2 0.00 . s B A —ip———a|— 1
]
2
w0
Qi
T oot
_U_ﬂg.!l.l.l.ll_lll|II||I:II||||_|_|.|||!|
-5 o 5 0 15 20 25 30 35
Temperature, Degrees C
POST CRUISE
CALIBRATION
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CTD Conductivity (Primary)

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phone: (425) 643 - 0866 Fax (425) 843 - 5954 Email; seabird@seabird com

SENSOR SERIAL NUMBER: 1431 SRE4 CONDUCTIVITY CALIBRATION DATA
CALIBRATION DATE: 20-Jan-05 PS5 1978 C(35,15,0) = 4.2914 Seimens/meter

ARCDM COEFFICIENTS
1.67593103e-005

b= 5.510578280e-001
o= =4 Qa=000
d = -8,13470803e-005
|rominall o= 4.2
[nominall CPoor = =9.5700e=-008 (nominal}

BATH TEMP BATH SAL BATHCOND  INST FRED INST COND RESIDUAL

(1T5-3(H (P51 (Siemensim) (kHz) (Siemens'm) [Siemens/m}
0,0000 0.00000 2. 77RLE n.o0gen ]

2.9095% T.6505%% 2,B0953

2-98126 7.85088 2.98131

4., 27831 §,22087 1,27831

52671 8,55372 4. 6266H

10.52506 5.711234

5.0EETG 10.H3858 €.08571

Conductivity = (g + Wi +iF" + 6171001 + 8t + £p) Siemensimeter
Conductivity = (™ + bE" + ¢ 4 di)/ [10 {1 +ep) Siemens/meter
t = temperature[*CI]; p = pressure{decibars]: § = CTeor; & = CPeor;
Residual = (instrument conductivity - bath sonductivity) using g, h, {, j eoefficients
Drate, Slope Correction

0.002 | @ | 21-Mov-03 1.0000204
[C& | 20-Jan-05 - 1.0000000
0.001
E
u
E 0.000-¥ & - -:——r B
@
[}
o
-0.001-
—U.WE-{-J'--I"-"L-'—-" ll‘-llLIJI!I|III|||III||L
a 1 2 3 & 5 B 7
Conductivity (Siemens/m)
POST CRUISE
CALIERATION
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CTD Conductivity (Secondary)

SEA-BIRD ELECTRONICS, INC.

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

SENSOR SERIAL MUMBER; 2069
CALIBRATION DATE: 20-Jan-05

GHL COEFFICIENTS

g - 1.02737290e+001
h = 1.43384827e+000
] 1, E23A0673%e=-003

131a-004

{momir

fnominal )

BATH SAL  BATH COND
{P5U)
LOnoo

14 .BEEE

34, BASS

34, BHEY

34, @872

1] HAS

BATH TEMP

SBE4 CONDUCTIVITY CALIBRATION DATA
PSS 1978 C(35,15,0) = 4 2914 Seimens meter

ABCDM COEFFICIENTS
1.63893740=-008

a4 =

b= 1,42226692e+000
= = =1.02447 e+001
d = —6.47T55%96282-005
m = d. o

CPear = =9.5700&-008 (neminal)

[NST FREQ  INST COND RESIDUAL
(kHz} [Siemensfn)
2, 6H3099 f.onoed
5.15%15¢ 2.80
5.30651 2.08130
427932
1., 62RRA
5.71230
B.0857TE

Condustivity = {g + hl': it il"r-'!lil“ + Bl + gp) Siemens/meter
Condutivity = {af" 4 BE 4o de) (1001 +ep) Siemens/meter

1= temperature["C)]; p = pressur¢[decibars]; & = CTeor; € = CRear

fesidual = (instrument conductivity - bath conductivity) using g, b, i, j coefficients

Chate, Slope Comestion

0.002- T ® | 21-Now-03 1.0000052
A | 20-Jan-05 1,0000000
0.001
E
2]
T:‘E 0,000 F——f——— e g —
=1
o
o
-0 4 — —— .
_Dnuz__J.J_| | B TS N IO N O ' I I AN I | N | ] B
1] 1 2 3 = 4 5 6 7
Conductivi iemens/m) _
v POST CRUISE
CALIBRATION
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CTD Dissolved Oxygen

SEA-BIRD ELECTRONICS, INC.

1808 136th Place N.E., Bellevue, Washington, 98005 USA
Phane: (425} 643 - 9864 Fax (425) 643 - 9954 Email: saabird@seabird com

SENSOR SERIAL NUMBER: D082 SBE 43 OXYGEN CALIBRATION DATA
CALIBRATION DATE: 11-Feb-035p
COEFFICIENTS TOor = =0, 0006
S00 03238 BCor = 1.350e-04
O 0non
Waffaet =, GOOT
BATHOX BATH TEMP BATH BAL INSTRUMENT INSTRUMENT Rlisﬁlll.'.-\l i
[mlil} ITS-%0 PEL OUTPUT{VOLTS) OXYGEN{mIT) {ml'l}
1,30 12, 00 0.01 1,142 1.31
3 1.072 L.32
1.246 232
1.032 i

. 366
427
il
568

«111
265

185
.BL7
947

P e Gl Cal e B Ll RS RS BT R
—

1,47 2.00n 0.00

oxvgen (ml1) = {Soc * (¥ + Voffset)) * exp{Teor * T)* Oxsat(T,5) * exp{Peor * Py
W = voltage output from SBE43, T = temperature [deg C|, S = salinity [PSU]
Oxsal{T.8) = oxyien saturation (mU1], P = pressure [dbar]

Residual = mstrument oxygen - bath oxygen

[ate, Delta O (/1)

02 r T 1 T | '@ | 11-Feb0sp  0.01
o1 1
1 .
3 001 : ! -
)
[y
<01
P s RO ST R A R e e S Lt bbb
0 1 H Ve € ? a ?  CALIBRATION
wygpen (mblT) AFTER
MODIFICATIONS
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CTD Fluorometer

(541) 929-5650

PO Box 518 3

620 Applegate St WETI I_a bs Fax (541) 928-5277

Philomath OR 87370 hittp-ffwww watlabs com
="

Chloraphyll Fluoremeter Incoming Characterization

Date: 03/21/05

Serial #: AFLT-009

Joh#: [

Tech: K.C

CWO (Vblank) 1.171 volts

CEVY 2.98 volis

SF 8.8999

FSV 5.45 volts

Linearity: 0,999 R® (0-1.5 volts)

0.995 R* (0545 volis)

Motes:

CWO (Vblank) is the clean water offset value and is obtain using pure filtered de-
ionized water.

CEV is the chlorophyll equivalent voltage, This value is the signal output of the
fluorometer when using a fluorescent proxy that has been determined to be approximately

equivalent to 25 pg/l of a Thelassiosira weissflogif phytoplankton culture,

SF is the scale factor used to derive chlorophyll concentration from the signal vollage
output of the fluorometer. The scale factor is determine by using the following equation:
SF = (25) / (CEV - CWO) e.g.25/(2.865 —0,238) = 9.516)

FSV is the maximum signal voltage output that the fluorometer is capable of.

Chiorophyll concentration expressed in pg/| {mg/m”} can be derived by using the following equation: (pg/l)
= (Vmeasured - CWO) * SF

The relationship between fluorescence and chlorophyll-a concentrations in-situ is high variable. The scale
factor listed on this document was determined by using a mono-culiure of phytoplankton ( Thalassionira
waissflogif). The population was assumed o be reasonably healthy and the concentration was determined
by using the absorption method. To accurately determine chlorophyll concentration using a fluorometer
you must perform secondary measurements on the populations of interest. This is typically done using
extraction based measurement technigues on discrete samples. For additional information on determmination
of chlorophyll concentration see | Standard Methods For The Examination OF Water And Wastewater| part
102400 H published jointly by: American Public Health Association, American Water Works Associafion
andd Water Environmeni Federation.
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CTD Transmissometer

PO Box 518 (541) 928-5650
620 Applagste 5t W'E'I'f 1 L b Fae (541) 820-5277
Philomath, OR 67370 )' qaps www wetiahs com
Py
C-Star Calibration
Date  August 8, 2005 Customer Mational Scence Foundalion Work order 001
Job# 0507014 SiN# CS5T-8B9DR Pathlength 25cm
Analog meter
Vy 0,061 V
Vair 4.808 V
Vo 4687 V
Temperature of calibration water 240 °C
Ambient temparature during calibration 262 "C

Reiationship of ransmittance {Tr) to beam attenuation coefficient (c), and pathlength (x); Tr=e™"
To determine beam transmittance. Tr= (Vyy = Vaaa) / (Vror = Vo)

To determine beam attenuaton coeflickent: ¢ = -1/ * In (Tr)

Va4 Meter output with the beam blocked. This is the offset

Ve Meter output in air with a clear beam path

Vo Meter output with clean water in the path.

Temperature of calibration water. temperature of clean water used (o oblain V.
Ambeent temperature meter temperature in air dunng the calibration

Ve  Measured signal output of meter.

chlarwkbil s Rewision F 11705
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CTD PAR
Biospherical Instruments Inc
CALIBRATION CERTIFICATE
UNDERWATER PAR SENSOR WITH LOG AMPLIFIER
Calibration Date: 08/16/05 Job No.: L2099
Model Mumber: Q_ﬁ:}m S — o
Serial Number: 4?17
Operator: __ AMB
Standard Lamp: ggmaunzms!
Operating Voltage Range: 15 VDG [+)

Note: The QSP-200L uses a Iug arnplmer to measure the detector signal current with ' = log | (Amps) | [Ref
To calculate mradiance, use this formula:
rra = n factor * (10*Light Signal Voltage - 10*Dark Voltage) |

\With the appropriate (solar corrected) Irradiance Calibration Factor: u
Dry Calibration Factor:| 2.13E+13 |quanta/om®-sec/"amps"” 1.51E-05 nsieinsicm*sec/"amps”
Wet Calibration Factor:| 3.58E+13 [quanta/cm’-sec/"amps" 5.95E-05|pEinsieins/cm*sec/"amps”

Sensor Test Data and Results”
Sansor Supply Current (Dark]:| 829 |mA
Siipply Violtage: B Voits

Lamp Integrated PAR Iradiance:| 7 80E+15 |quantafcm’ sec 0.01285 |pEinsteinsicm*sec
5C3 Immersion Coefficient| 0.584 Scalar Cormection: 1 PAR Solar Comection:| 1.0000
Measured Estimated Calc Test Irrad.
WNominal Calbrated Sensor Measured Signal Signal  Output Error (quanta/
Filter OD  Trans. ‘Voltage Trans, (Amps)  (Amps)  (Volis)  (Volts) Error (%) om’sec
Mo Fiter | 100.00% | 2.566 100.00% 36BE-08 | 3.88E-08 | 2588 0.002 0.0 T.BOE+15
0.3 36.10% 2.125 35.96% 1.32E-08 | 1.33E-08 | 2128 0.003 04 2.BOE+15
D5 27 50% 2014 27.76% 1.02E-08 | 1.02E-08 | 2.013 -0.001 -0.6 2.18E+15
1 9.237% 1564 8.58% 3.53E-09 | 341E-08 | 1.552 0.012 -3.3 TATE+14
1.11% 0.770 1.18% 4 38E-10 | 4.09E-10 | 0.748 -0.022 4.8 B.3DE+13
3 0.05% 3.259 0.08% 3.01E-11 | 1.87E-11 | 0.233 -0.028 -348 |5.38E+12
Dark Before: 0180 Voits
Light - Mo Fitter Hidr.. — 2,588 Volts lmgr = 1.00E-10 Amps
Dark After - NFH: — 0T8T Volts loa =~ T.H2E-10 Amps
Average Dark  0.1805  Volis 10" = "1'515305 Amps
Mozes:
1. Anmual calbration i recommendad.
2. Thess i@ | insg aeror ‘wth ings: balow zero
3. The collecion should ba f with alcohal,

4) Thig section s for intemal use and for mane advanced analysis.

QSP-200L .xis
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