CRUISE REPORT: S04P
(Updated APR 2011)

HIGHLIGHTS

CRUISE SUMMARY INFORMATION

Section Designation

S04P

Expedition designation (ExpoCodes)

320620110219

Chief Scientist

Dr. James H. Swift

Co-Chief Scientist

Dr. Alejandro Orsi

Dates

19 FEB 2011 - 23 APR 2011

Ship

R/V Nathaniel B. Palmer

Ports of call

McMurdo Station, Ross Island, Antarctica -
Punta Arenas, Chile

66° 12.62'S
Geographic Boundaries | 168° 37.59' E 72°54.55' W
77°20.94'S
Stations | 140
Floats and drifters deployed | O

Moorings deployed or recovered

1 mooring deployed; 2 ESR moorings and 1
biophysical mooring recovered

Dr. James H. Swift
University of California, San Diego * Scripps Institution of Oceanography
9500 Gilman Drive e MS 0214 « La Jolla CA 92093-0214
Tel: 858-534-3387 e Fax: 858-534-7383 ¢ Email: jswift@ucsd.edu

Dr. Alejandro Orsi
Texas A&M University ® O&M Building, Room 616 « MS 3146 « College Station, TX 77843
Tel: 979.845.4014 » Fax: 979.847.8879 * Email: aorsi@tamu.edu



LINKS TO SELECT TOPICS

Shaded sections are not relevant to this cruise or were not available when this report was

compiled
Cruise Summary Information Hydrographic Measurements
Description of Scientific Program CTD Data:
Geographic Boundaries Acquisition
Cruise Track (Figure): PI Processing
Description of Stations Calibration
Description of Parameters Sampled Temperature Pressure
Bottle Depth Distributions (Figure) Salinities Oxygens
Floats and Drifters Deployed Bottle Data
Moorings Deployed or Recovered Salinity
Oxygen
Principal Investigators Nutrients
Cruise Participants Carbon System Parameters
CFCs
Problems and Goals Not Achieved Helium / Tritium
Other Incidents of Note Radiocarbon
Underway Data Information References
Navigation Bathymetry DOC/TDN
Acoustic Doppler Current Profiler (ADCP) pH
Thermosalinograph Carbon System Parameters
C14
Trace Metal
Atmospheric Chemistry Data

Data Processing Notes Acknowledgments




US Global Ocean Carbon and Repeat Hydrograph y Program Section S04P
Nathaniel B. Palmer Cruise NBP-1102 (RPSC event O-287-N)
19 February 2011 - 23 April 2011 UTC
McMurdo Station, Ross Island, Antar ctica - Punta Arenas, Chile
Chief Scientist: Dr . James H. Swift

Scripps Institution of Oceanography
Co-Chief Scientist: Dr . Alejandr o Orsi
Texas A&M University

Cruise Report
23 April 2011



Narrative

NBP-1102 was scheduled for a 60-70 day voyage, beginning at the US Antarctic Program McMurdo base
and ending at Punta Arenas, Chile. The cruise was unique for the US Global Ocean Carbon and Repeat
Hydrography Program in that it was carried out on a ship operated by a commercial operator, Edison-
Chouest Offshore (ECO) (under charter to the US National Science Foundation), with pre-cruise planning,
shipping, logistics, and on-board science support from a second company, Raytheon Polar Services
Corporation (RPSC) (via contract with the US National Science Foundation).

The science team assembled in Christchurch, New Zealand, where they attended a pre-ice-flight briefing
and cold weather clothing issue on 13 February, and then on 14 February flew to the ice sheet runway
near Ross Island via a US Air Force C-17 transport. Although cancelled flights and "boomerangs” (flights
turned back by weather or equipment problems) are frequent, this flight went without incident, and ended
with an extraordinarily smooth landing. The science team was impressed with the view from the landing
site and excited to be in Antarctica. After a ride to the McMurdo base, the team was briefed on McMurdo
basics, issued room keys and linens, and told where to eat.

The flight had been scheduled ahead of the Nathaniel B. Palmer’s arrival at McMurdo in order to allow for
cancelled or "boomeranged" flights, and, after the team was at the McMurdo base, the base operators
decided to fuel the ship as soon as it arrived (instead of after loading equipment as is usually done). Thus
the science team had more than two days to enjoy the unique amenities, scenery, and recreational
opportunities at the base, including a guided tour to Robert F. Scott’s 1902 "Discovery Hut" at Hut Point
on Ross Island.

During a routine visit on 15 February to the base site where the RPSC McMurdo staff had set most of the
S04P cargo it was immediately apparent that RPSC personnel had allowed much of the S04P "do not
freeze" cargo to sit outdoors in sub-freezing conditions, despite well-in-advance-of-shipping notice
provided to RPSC (Denver) using their guidelines and forms, and despite proper and copious labeling of
these cargo items as "do not freeze". The reasons for this incredible blunder remain unknown. In the
end, the chief scientific damage was to the Argo float program, which was cancelled with all 17 floats
shipped back to the USA. By what appears to be a blind stroke of good fortune, the one "do not freeze"
cargo container kept above freezing contained the salinity and carbon seawater standards - with the loss
of either the expedition would have been cancelled.

The other primary cargo damage incident was equally inexplicable: During unpacking it was discovered
that some of the SIO ODF boxes which had been packed by SIO personnel inside an SIO-owned 20-foot
standard cargo container (in excellent condition), had become wet at some point. Some of the contents
of those boxes molded, and then froze. Two of the boxes had 4 and 6+ inches of water in them, frozen
solid. The chief losses (after thawing and clean-up) were computer manuals, office supplies, a back-up
hard drive, and some of the Chief Scientist’s sea clothes. There was no evidence of leaks in the van until
the steam to port. A pin-hole amount of light was recognized in the container. Inspection on the top of
the container revealed that there was in fact a patch which was easily taken off revealing improper repairs
to the cargo container’s roof, presumably done by SIO personnel at some point prior to shipping - had left
a route for water on the container’s roof to drain into the container’s interior.

The science team was brought to the ship at 1300 on 17 February and after a short safety briefing and
ship tour, immediately set to unloading scientific cargo from the 5 20-foot container vans and setting up
the CO2 lab van (a trace metal lab van was already at the ship from the previous leg). All RPSC staff on
the ship (staff from the previous cruise plus staff from the SO4P cruise) plus all ECO personnel were
extremely helpful. The basic unloading of container vans was completed before dinner on the 17th,
though as usual additional cargo was loaded over the next two days. Lab set-up for science and seas
went very well, again with RPSC and ECO personnel efficiently providing assistance.

Because fueling the ship was done before it was possible to set up the labs (which is usually done while
fueling), it was necessary to make that up by delaying the ship’s departure one day.

RVIB Nathaniel B. Palmer departed McMurdo Base at noon local time on 20 February 2011 in good
weather, into Sound waters wider open (more nearly free of sea ice) than at any other time in recent
memory. The planned transit to the first station was estimated to be approximately two days. On the 21st
the science team held two test/training rosette casts with the large 36-place rosette. The altimeter was



not working properly (so was later replaced) and there were a few leaking bottles, easily repaired. The
only potentially serious operational problem was that due to specifics of the way that SIO ODF sets up its
CTD system, the CTD winch operator was not able to see the CTD pressure information (referred to as
"CTD depth" by the ship) on his winch display, as he usually can when RPSC CTD equipment is being
used. This problem was rectified in a few days by RPSC and ODF personnel.

The evening of the 21st the trace metal team carried out a trace metal cast of opportunity, making up a
station from the previous cruise lost to weather.

During the 22nd, as the ship neared the location of the first SO4P station, off Cape Adare, winds rose well
past 30 knots during the day, into the low 40s, with a second storm forecast immediately following the first.
It was thus necessary to wait until 1000 local time on 23 February to begin the SO4P transect stations.

The S04P transect began nearly flawlessly - when the weather permitted stations. Three storms
interrupted work, forcing 105 hours in time lost to weather between stations 001 and 024. But after the
storm of 03-05 March abated, there was a long stretch of weather mostly suitable for work.

Unusual problems surfaced with the bottle data at two stations: evidence of bottles closing at depths other
than the intended level, almost always two at one level with an adjacent skipped level. The most likely
culprit was lanyard errors when cocking the rosette (both episodes were traced to the same watch), and
so lanyard-carousel positional information was strengthened, as was pre-cast inspection, and this seemed
to solve the problem.

One of the two Lowered Acoustic Doppler Current Profiler (LADCP) instruments on the rosette - the
downward facing unit - increasingly ceased to function correctly during stations 50-52. It was swapped
out with the upward-facing unit (there were no spares).

Work along the S04P line proper stopped at 150°W on 11 March when the ship headed south along
150°W - part of the original "top priority" cruise plan in order to box in the Ross Sea as well as to
complete the Antarctic end of WOCE/CLIVAR line P16 for the first time. This work went very well, with
only one minor weather interruption. The 2011 work overlapped with stations from the 2005 P16S cruise
from 67-71°S. Comparisons showed some water mass changes, but also general agreement where
reasonable, except that the nitrate data were low, before being readjusted to the international reference
standards (not available in 2005).

During the work south, email (via INMARSAT) became increasing sporadic. At the south end of P16s, the
final five stations were in increasingly heavy ice, with young ice running the gamut from grease ice to new
pancakes to larger, consolidated pancakes. There was also some leftover first year ice from the previous
season and older ice, plus impressively thick slabs of ice that must have broken off thinning ends of ice
sheets. There were also numerous icebergs, some of which were huge. Navigation to the stations was
not seriously impeded by ice. The intent then was to head closer to the Continent, where ice maps
obtained by the co-chief scientist seemed to show easier going, possibly where ice had been pushed
offshore by the winds. Access to new ice maps was hindered by the INMARSAT problems, and so it was
not yet known that the latest ice maps showed the area near the continent had closed in. Thankfully this
was realized - in effect - by heavy ice conditions which severely slowed progress. Hence the ship turned
to the NW to head out of the ice. The ensuing transit around the ice to the site of the "Mooring A"
recovery turned into one of the scenic highlights of the voyage, because weather was excellent and there
was abundant ice in many forms and wildlife.

As the ship worked near the Mooring A site, weather was deteriorating. Acoustic contact with the release
was marginal at first. Via triangulation it was learned that the mooring had moved more than one mile
from its February 2010 position. It became too dark to recover the mooring, and so a line of CTD
stations, in the ice, was completed overnight. By morning (19 March), conditions had worsened to the
point where recovery would not be feasible, and so the ship moved to the Mooring B site in an attempt to
located the mooring. Winds in the 50+ knot range and worsening seas made it impossible to contact the
mooring. The ship took a "comfort" course until winds subsided. Mooring A was recovered on the
morning of March 20th, the only incident being accidental severing of the mooring line by the ship. But
both parts had floatation and were recovered along with all instruments. At the Mooring B site it was
discovered that the mooring had been moved more than 2 miles from its deployment site. It was
recovered without incident. During the lines of CTD stations at each mooring site water at several



hundred meters depth was observed that was colder than the freezing point at the sea surface. This can
take place when cold water circulates and is cooled under floating, very deep reaching Antarctic ice
shelves.

Next was a ca. 300 mile steam to the start of the next line of CTD stations. During this day and a half
transit the students and other helpers dropped XBTs every 30 minutes.

As the central Ross Sea cross-shelf section was being carried out, cruise plan adjustments were
discussed. On the plus side, the station work had been going well and much less time was spent in the
ice than estimated when the cruise was planned. On the minus side, more than 7 days had been lost to
bad weather. The cruise to that point had included work of such high scientific priority that it was carried
out as planned, without reduction, with the ship waiting out bad weather. To manage time for the
remainder of the cruise, it was decided to allot specific amounts of time to each remaining segment of the
cruise except for required elements, such as deployment of the Yuan/Sprintall mooring. The Captain
worked in a somewhat similarly: within proper maritime limits he allocated fuel in a cruise-segment
manner roughly similar to our allocation of time.

It was thus decided to attempt the south-to-north line of stations along 170°W by allocating sufficient time
to do 8 stations with average 43-mile spacing (but positioned to hit the deeper channels), and to then
complete as much of it as the weather permits. The section across the Ross Sea slope just NW of the
major shelf channels had captured cold, fresh, high-oxygen bottom waters of shelf origin on the slope.
The 170°W stations would then potentially tr ack this water into the deep interior of the Ross Sea. As it
turned out there were no weather delays on the 170°W line, which was completed over 6 hours ahead of
the timeline. And, indeed, a broad near-bottom core of the cold, low-salinity, high-oxygen water was
sampled via the section. At the final station (095) a group of four Humpback whales swam around the ship
at close range for more than two hours.

The ship then steamed eastward to a point on the S04P line (67°S) 40 nautical miles be yond the last
station done on the line before turning south on P16S (150°W). Weather was worsening during the
transit, and all the time gained on the 170°W line, and then some, was lost. The first station on the
resumed line was moved to 45 nautical miles from the previous one, and 45-mile spacing was retained
until the mooring site. Another storm blew in meanwhile, causing at least a 9-hour additional delay.
Beginning at station 100 (67°S and ca. 140°W), there w as a strong shift in water properties to a warmer
temperature maximum, deeper and more extreme salinity maximum, and an accompanying significant
shift in the isopycnals.

The only significant analytic problem on the cruise arose at station 101: the alkalinity measurements
suddenly no longer met quality standards except when run by only one of the two analysts. An exhaustive
search for clues and solutions was undertaken without avail. The analysts could alternate samples, with
both of them watching carefully every step of the procedure, and, completely inexplicably, the results from
only one of them met standards. A third analyst was trained, and that analyst had no success either.
Every feasible (and not so feasible) avenue was approached, without success. In the end, it was
necessary to continue to limit the number of alkalinity samples analyzed per day to those that could be
run by the one analyst. Advice was provided on what samples to skip with least damage to the overall
program.

After Station 102, the ship proceeded to the site of a mooring deployment for Xiaojun Yuan (LDEO) and
Janet Sprintall (SIO). The specifications called for the top float of the mooring to be 100 meters below the
sea surface - in ca. 4500 meters of water - plus the mooring needed to be in an area where the bottom
was flat, and had to be deployed in reasonably good weather. The Palmer's multi-beam bathymetric
mapping system (managed by Chris Linden, RPSC) was used to map the ocean floor. By the time the
bathymetric survey was well in progress, weather was deteriorating. In addition to winds >40 knots, there
was considerable mixed swell, such that even after the wind subsided, seas were too high for CTD work,
let alone mooring deployment. When winds and seas eased, a CTD cast was completed at the chosen
mooring deployment spot to measure the water characteristics and verify the bottom depth. There were
also XBT casts and one more CTD cast associated with the mooring science program. The anchor-last
deployment itself began the morning of 05 April, and went well, with the anchor ending up only about 130
meters from the desired location. The total time lost to weather during this activity was approximately 24
hours, because in ideal conditions the mooring could have been deployed one full day earlier.



The principal CTD program resumed with station 105, at 45-mile spacing from 102, though spacing was
increased to 60 miles, where it stayed for the SO4P (67°S) portions of the cruise until the eastern
boundary stations.

After Station 117, near 104°W, the Palmer steamed south to the ice edge near the location of the
southern end of the P18 (2007) line. Significant sea ice was encountered beginning ca. 69° 30’S . Initially
it was possible to make good way through the ice, but increasingly large floes and especially a heavy
snow cover greatly slowed progress, and penetration reached to only about 69° 50’'S before the ship’s
officers stopped the ship. [Obviously, it was also impossible to attempt recovery of any of Stan Jacobs’
moorings in the area.] (The goal had been the 500-meter isobath near 71°S.) A brief "ice party", i.e., an
opportunity for the shipboard party to go out onto the ice, was held in the morning after the ship stopped,
and one station was occupied after that. Because that station did not show any promising differences
from the nearest P18 (2007) stations - other than what appeared to be the same CTD calibration offset
seen in comparing 2007 and 2011 data at 67°S - it was decided to cut losses and head back to the SO4P
line so that the line could be completed with a small weather allowance.

The completion of the eastern end of the 67°S (S04P) line was remar kable in terms of ambient winds,
which were very low the entire time and in fact all but one day to port. The final 8 days of sampling went
very smoothly, with only some light to moderate swell and nearly no local waves. At 05:25 local time on
Tuesday, 19 April 2011, the rosette from station 140, the easternmost station planned, and the last one on
CLIVAR S04P, was brought into the Baltic Room. This completed the over-the-side work for the cruise,
though it took a day to analyze the samples that were backlogged as the expedition crossed the eastern
boundary of the study area. The ship arrived at the eastern end a little earlier than expected due to the
unprecedented (for this cruise) eight day string of days with light winds, plus the equipment worked nearly
flawlessly.

An incredible coincidence occurred: five days before the last CTD station was completed, Service Argos
reported that a signal had been received from a long-lost mooring - a 400 meter long biophysical mooring
for Dr. Richard Limeburner (Woods Hole), deployed in 450 meters of water more than ten years ago by
Jim Ryder (the mooring tech on the cruise), but lost in 2001 when it failed to rise to the surface when
triggered to do so. The location was only about 8 hours away. So after the final station the ship moved to
the last reported location and - voila! - there it was! Jim Ryder, the RPSC marine techs, and the students
and other helpers then recovered the entire string of instruments, covered with ten years of marine
growth. Everything was cleaned and was stored to be returned to Dr. Limeburner.

The ship then headed to Punta Arenas, Chile. Underway weather was very good except on April 21 when
winds to 30-40 knots made for a rough ride. On the way to port, on the evening of the 21st, there was a
variety show on the ship, featuring skits and music from the "polliwogs" (those for whom this was their first
Antarctic crossing) plus some of the "red noses". There was a traditional induction for the polliwogs the
morning of the 22nd, and a cruise video night that evening.

During the long steam to port the analytic rigs, sampling equipment, and other laboratory items were
broken down and packed for shipping, and the labs readied for port. The Captain chose speed and
course to get the ship in ahead of schedule, arriving Saturday, April 23, 2011, at about 1800 local time
instead of the planned Monday, April 25, at 0800. Unloading commenced Monday due to the Easter
holiday.

Data quality on this cruise appears to meet very high quality standards. The nutrient data were a
challenge in this ocean system of very low variability. They started out at the "very good" level and
improved. Away from high gradient portions of the water column, the differences between the bottle salts
and oxygens and the CTD values were very small. This requires both top quality bottle salts and
oxygens, and skillful, attentive CTDO data processing. Perhaps the Palmer’s salinometer room - one of
the best set-up salinometer rooms on any research ship - contributed. The F11 and F12 sections show
clean contours with little data noise. (The other parameters, including the ocean carbon data analyzed at
sea, receive final processing ashore.) The data processing bringing this all together was to high standard
from Day 1.

The expedition experienced an extraordinarily small amount of analytic and instrumental problems, the
chief exception being the alkalinity data. There were occasional problems with the SF6 analyses, but that



is a very sensitive analysis which is not yet regarded as a mainstream measurement in most CFC
laboratories. Only a little more than one hour of ship time was lost due to CTD system problems. The
chief cause of down time was weather, with 190 hours (8 days) lost to bad weather. At an average of 4.5

hours per station, this is the equivalent of 42 stations lost to weather.

Time lost

hours  from to reason

24 1200 02/19 1200 02/20  ship fueled before loading cargo (instead of after
loading); science team lost one day of set-up time
usually done during fueling and thus needed an extra
set-up day in port

14 2000 02/22 1000 02/23  weather, then 3-4 hour transit (in good weather) to first
station from sheltered location

55.5 0030 02/25 0800 02/27  weather

0.5 2130 02/27 2200 02/27  failed trace metal cast (electrical problems)

2 1300 02/28 1500 02/28  weather (then found some ice and hid in it to do a cast)

55 2230 02/28 0400 03/01  weather (same storm)

42 0730 03/03 0130 03/05  weather

7.5 1700 03/11 0030 03/12  weather

35 1000 03/19 1900 03/20  weather

55 1415 03/22 1945 03/22  weather (swell, mostly)

3 2300 03/22 0200 03/23  weather

8 2000 03/29 2200 03/29  weather

9 1800 03/31 0300 04/01  weather

24 1400 04/02 1400 04/03 mooring deployment delayed one day due to weather

3 1230 04/05 1530 04/05  weather

5 1100 04/11 1615 04/11  Chief Scientist error: ship had been asked to go further
south the previous night, but Ch. Sci. was unaware the
ship had stopped; could have done Station 118 the night
before

0.5 1750 04/15 1820 04/15  exhaust hole blockage on main CTD; serviced & was OK

Ackno wledgements

This cruise would not have been possible without the continuing advice, encouragement, and support of
our NSF and NOAA program managers. The assistance of NSF in scheduling the cruise is especially
appreciated. We are also grateful for the Edison Chouest Offshore support at sea from RVIB Nathaniel B.
Palmer Captain Maghrabi, his officers, and crew, who contributed a great deal, daily, to the success of the
cruise, and to the technicians from Raytheon Polar Services Corporation who worked every station with
our science team.

This cruise was supported via these grants and the other listed sources:

NSF OCE-0919454  ODF sea work (CTDO, S, 02, nutrients, data)

NSF OCE-0752970 physical oceanography (incl. LADCP) and students
NSF OCE-0752972  NSF-supported parts of the ocean carbon program
NSF OCE-0752980 CFC and He/Tr programs

NSF OCE-0825163 C14/C13 program

NSF OCE-0962393 trace metal program

NSF OCE-0962158 aerosol program

NSF ANT-0839005  Orsi mooring program

NSF ANT-0632282  Jacobs’ mooring and snow counter

NSF ANT-1043669 Yuan mooring program



The NOAA-sponsored portions of the ocean carbon program were supported by the NOAA Climate
Program Office, Climate Observation Division.

The TAMU transmissometer program was supported by TAMU Account 51007340000 - Cook
Professorship.

The NASA bio-optics program was supported by NASA NNX09AN94G, NASA Ocean Biology and
Biogeochemistry (OBB) Calibration and Validation Office (CVO) Director Support.

Hydrographic/CTD Data, Salinity , Oxygen and Nutrients

Oceanographic Data Facility and Research Technicians
Shipboard Technical Support/Scripps Institution of Oceanography
La Jolla, CA 92093-0214

The Southern Ocean S04P repeat hydrographic line was reoccupied for the US Global Ocean Carbon
and Repeat Hydrography Program (sometimes referred to as "CLIVAR/CO2") during February-April 2011
from RVIB Nathaniel B. Palmer via a survey consisting of CTD/rosette/LADCP stations, trace-metal
stations, and a variety of underway measurements. The ship departed McMurdo, Antarctica, on 19
February 2011 and arrived Punta Arenas, Chile, on 23 April 2011 (UTC dates).

A total of 140 stations were occupied with one CTD/rosette/LADCP cast completed at each. The
expedition included in addition to the SO4P transect reoccupations of segments of lines P16S and P15S,
and one station overlapping with P18S (NBP-1102 stations 46-66, 77-96 and 118, respectively). CTDO
profiles were collected with minimal water sampling in the vicinity of three mooring sites (stations 67-76
and 103-104). CTDO data and water samples were collected on each CTD/rosette/LADCP cast, usually
to within 10 meters of the bottom. Water samples were measured on board for salinity, dissolved oxygen,
nutrients, DIC, pH, total alkalinity, and CFCs. Additional water samples were collected and stored for
shore analyses of helium, tritium, O-18, DOC/DON, 13C/14C, chromophoric dissolved organic matter
(CDOM), phytoplankton pigments, particulate absorption and image cytoplankton, and density.

A sea-going science team gathered from 12 oceanographic institutions participated on the cruise. The
programs and Pls, and the shipboard science team and their responsibilities, are listed below.



Principal Programs of CLIVAR S04P

Program Affiliation Principal Investigator  email
CTI_DQ/Rosette, Nutrients, O, UCSD/SIO James H. Swift jswift@ucsd.edu
Salinity, Data Processing
ADCP/LADCP LDEO Eric Firing efiring@soest.hawaii.edu
CFCs LDEO Bill Smethie bsmeth@Ideo.columbia.edu
SFg UH David Ho ho@hawaii.edu
CO,-DIC/Underway pCO, NOAA/PMEL  Chris Sabine chris.sabine@noaa.gov
Total Alkalinity SIO Andrew Dickson adickson@ucsd.edu
D|ssolv_ed Orgamg Carbon / UM/RSMAS Dennis Hansell dhansell@rsmas.miami.edu
Total Dissolved Nitrogen
34,3
1;406 H LDEO Peter Schlosser schlosser@Ildeo.columbia.edu
pH UM/RSMAS Frank Millero fmillero@rsmas.miami.edu
Underway pCO, with underway T&S NOAA/AOML  Rik Wanninkhof Rik.Wanninkhof@noaa.gov
Underway Discrete pCO, LDEO Taro Takahashi taka@ldeo.columbia.edu
WHOI Ann McNichol amcnichol@whoi.edu
Carbon/Oxygen Isotopes 13C/14C Princeton Robert Key key@Princeton.EDU
Trace Metals UH Chris Measures chrism@soest.hawaii.edu
FSU Bill Landing landing@ocean.fsu.edu

Transmissometer TAMU Wilf Gardner wgardner@tamu.edu

. . . NASA/GSFC Charles R. McClain charles.r.mcclain@nasa.gov
Chromographic. Dissolved Organic Matter UCSB Norm Nelson norm@icess.ucsbh.edu
Aerosols FSU Bill Landing landing@ocean.fsu.edu
Mercury USGS David Krabbenhoft dpkrabbe@usgs.gov
Blogeochem, Plgmgnts and NASA/GSFC Charles R. McClain charles.r.mcclain@nasa.gov
Particulate Absorption
Imaging Cyto-Plankton counts WHOI Sam Laney slaney@whoi.edu
Mooring Recovery TAMU Alex Orsi aorsi@tamu.edu
Moorina Deplovments LDEO Xiaojun Yuan xyuan@|deo.columbia.edu

g beploy SIO Janet Sprintall jsprintall@ucsd.edu




Shipboar d Scientific Personnel on CLIVAR S04P

Name Affiliation Shipboard Duties Shore Emalil

James H. Swift SIO Chief Scientist jswift@ucsd.edu

Alex Orsi TAMU Co-Chief Scientist aorsi@tamu.edu

Jessica Anderson uw CTD Watchstander jessea2@u.washington.edu
Sam Billheimer SIO CTD Watch shillhei@ucsd.edu

Eric Mortenson FSU CTD Watch eam09j@fsu.edu

Stuart Pearce TAMU CTD Watch spearce@ocean.tamu.edu
Kristin Sanborn SIO/STS/ODF Data, Group Leader ksanborn@ucsd.edu

Mary Carol Johnson  SIO/STS/ODF Data, CTD mcj@ucsd.edu
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Description of Measurement Techniques

1. CTD/Hydrographic Measurements Program
A total of 140 CTD/rosette/LADCP casts were made at 140 stations. Most casts were lowered to within

10m of the bottom.
Hydrographic measurements consisted of salinity, dissolved oxygen and nutrient water samples taken

from each rosette cast. Pressure, temperature, conductivity/salinity, dissolved oxygen, transmissometer
and fluorometer data were recorded from CTD profiles. Current velocities were measured by the RDI

workhorse ADCP. The distribution of samples are shown in the following figures.
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Figure 1.0 S04P Sample distribution, stations 2-45 96-102 105-140 with P18S Station 118.
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Figure 1.1 S04P Sample distribution on the southern extension of P15s, stations 77-95.
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Figure 1.2 S04P Sample distribution on the southern extension of P16S, stations 45-66.

1.1. Water Sampling Pac kage

CTD/rosette/LADCP casts were performed with a package consisting of a 36-bottle rosette frame
(SIO/STS), a 36-place carousel (SBE32) and 36 10.0L Bullister bottles (SIO/STS) with an absolute
volume of 10.4L. Underwater electronic components consisted of a Sea-Bird Electronics SBE9plus CTD
with dual pumps (SBE5), dual temperature (SBE3plus), reference temperature (SBE35RT) dual
conductivity (SBE4C), dissolved oxygen (SBE43), transmissometer (Wetlabs), fluorometer (Wetlabs),
altimeter (Benthos) and LADCP (RDI).

The CTD was mounted vertically in an SBE CTD cage attached to the bottom of the rosette frame and
located to one side of the carousel. The SBE4C conductivity, SBE3plus temperature and SBE43
dissolved oxygen sensors and their respective pumps and tubing were mounted vertically in the CTD
cage, as recommended by SBE. Pump exhausts were attached to the CTD cage on the side opposite
from the sensors and directed downward. The transmissometer was mounted horizontally, and the
fluorometer was mounted vertically near the bottom of the rosette frame. The altimeter was mounted on
the inside of the bottom frame ring. The 300 KHz bi-directional Broadband LADCP (RDI) was mounted
vertically on the top and bottom sides of the frame. Its battery pack was located opposite the flourometer,
also mounted on the bottom of the frame. Table 1.1.0 shows height of the sensors referenced to the
bottom of the frame.

Instrument Height incm
Temperature/Conductivity Inlet 9
SBE35 9
Altimeter 2
Transmissometer 5
Chlorophyll Fluorometer 15
Pressure Sensor, inlet to capillary tube 17
Inner bottle midline 109
Outer bottle midline 113
ADCP face midline (bottom) 7
ADCP face midline (top): 183
Zero tape 266

Table 1.1.0 Heights referenced to bottom of rosette frame

The rosette system was suspended from a UNOLS-standard three-conductor 0.322" electro-mechanical
sea cable. The sea cable was terminated at the beginning of SO4P. A electrical retermination was
performed during the 2-day run to station 24. A full re-termination (preventatively, electrical and
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mechanical) was performed after station 95, during the 2-day run to Station 96. The RVIB Nathaniel B.
Palmer’s DESH-5 winch was used for all casts.

The deck watch prepared the rosette 10-30 minutes prior to each cast. The bottles were cocked and all
valves, vents and lanyards were checked for proper orientation. Once stopped on station, the ship’s crew
and Marine Technician would check the sea state prior to cast and decide if conditions were acceptable
for deployment. All decisions and policies on board the NBP were respected, benefiting both parties
interests. Overall the deployment and recovery of the CTD rosette on board the RVIB Nathaniel B.
Palmer (NBP) went very well and were accomplished without incident. The typical procedure was as
follows:

1) Remove securing straps from rosette

2) Open hydraulically locked Baltic Room bulkhead door

3) Pay in wire to pull rosette towards door on sliding track

4) Once rosette is centered under the squirt boom block, the rosette is lifted off the deck

5) Simultaneous extension of squirt boom while paying out wire kept the rosette level and in

position to fit through the limited clearance allowed by the width and height of the Baltic Room
door. (Approximately 4" on either side of 36 place rosette, and approximately 1’ clearance from
bottom of door to base of rosette.)

6) Continue to extend boom and level rosette until full extension is reached.
7) Time the lowering of the rosette with the sea conditions.

Due to the confined space and limited scope of wire available to adjust rosette height (approximately 8-16
inches from cable grip to block) the procedure required precise handling of winch controls, especially in
the timing of the extension and wire payout. All winch operators were extremely proficient and paid very
careful attention to this aspect of CTD operations. Once the boom had reached full extension, the Marine
Technician (MT) directed the winch operator in the timing of lowering the rosette into the water, as at this
point the winch operator no longer has visual contact with the CTD package.

Most rosette casts were lowered to within 10 meters of the bottom, using the altimeter, winch wire-out,
CTD depth and multibeam depth.

For each up-cast, the winch operator was directed to stop the winch at up to 36 predetermined sampling
depths. These standard depths were staggered every station using 3 sampling schemes. The CTD
console operator waited 30 seconds prior to tripping sample bottles, to ensure package shed wake had
dissipated. An additional 10 seconds elapsed before moving to the next consecutive trip depth, which
allowed for the SBE35RT to record bottle trip temperature.

Recovering the package at the end of the deployment was essentially the reverse of launching. The
RPSC marine technician and winch operator guided the rosette back through the open water tight door
and used lines to secure the package to the Baltic Room floor.

The rosette, CTD and carousel were rinsed with fresh water frequently. CTD maintenance included
rinsing de-ionized water through both plumbed sensor lines between casts. On average, once every 20
stations, 1% Triton-x solution was also rinsed through both conductivity sensors. The rosette was
routinely examined for valves and o-rings leaks, which were maintained as needed.

Each bottle on the rosette had a unique serial number, independent of the bottle position on the rosette.
Sampling for specific programs was outlined on sample log sheets prior to cast recovery or at the time of
collection. The bottles and rosette were examined before samples were drawn. Any abnormalities were
noted on the sample log.

Specific difficulties encountered when deploying on the NBP included:

1) Slow deployment time due to tight fit of rosette through door, and limited adjustment of wire
scope.
2) Risk of taking a wave through the open Baltic Room door and flooding the room, (specific risk to

electronic winch controls). Waves can often reach chest height.
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3) Wave hitting rosette while passing through doorway or while lowering rosette into water leading
to potential shock loading. A high strength bungee system was employed to help counter act

shock loading.

1.2. Underwater Electronics

The SBE9plus CTD supplied a standard SBE-format data stream at a data rate of 24 frames/second.

Serial A/D Stations
Instrument/Sensor Mfr./Model Number Channel  Used
Carousel 36-pl Sampler  Sea-Bird SBE32 3216715-0187 Test,2-140
Reference Temperature Sea-Bird SBE35 35-0011 Test,2-140
CTD Sea-Bird SBE9plus SIO 831 Test,2-140
Pressure Paroscientific Digiquartz 99677 Test,2-140
Primary Temperature Sea-Bird SBE3plus 03P-4943 Test,2-10
Primary Temperature Sea-Bird SBE3plus 03P-5046 11-140
Primary Conductivity Sea-Bird SBE4C 04-3057 Test,2-10
Primary Conductivity Sea-Bird SBE4C 04-2593 11-140
Dissolved Oxygen Sea-Bird SBE43 43-1136 Aux4/V6  Test,2-140
Primary Pump Sea-Bird SBE5ST 05-3334 Test,2-140
Secondary Temperature  Sea-Bird SBE3plus 03P-5046 Test,2-10
Secondary Temperature  Sea-Bird SBE3plus 03P-4943 11-140
Secondary Conductivity ~ Sea-Bird SBE4C 04-3176 Test
Secondary Conductivity ~ Sea-Bird SBE4C 04-2593 2-10
Secondary Conductivity ~ Sea-Bird SBE4C 04-3399 11-140
Secondary Pump Sea-Bird SBE5T 05-3376 Test,2-140
Transmissometer WETLabs C-STAR CST-327DR Aux3/V4  Test,2-140
Fluorometer WETLabs SCF2743 Aux1/VO  Test,2-140
Altimeter (500m) Simrad 1007 90107 Aux2/V2  Test
Altimeter (100m) Benthos PSA-916D 45531 Aux2/V2  2-124
Altimeter (100m) Benthos PSA-916D 47042 Aux2/V2  125-140
LADCP Down RDI Workhorse 300kHz 12734 Test,2-52
LADCP Up RDI Workhorse 300kHz 13330 Test,2-52
LADCP Down RDI Workhorse 300kHz 13330 53-140
Deck Unit Sea-Bird SBE11 11P47914-0768 Test,2-140

Table 1.2.0 CLIVAR S04P Rosette Underwater Electronics.
Transmissometer provided by TAMU; Altimeter 47042 and Deck-Unit provided by USAP; LADCP
provided and operated by UH. All other sensors belong to SIO/STS/ODF.

An SBE35RT reference temperature sensor was connected to the SBE32 carousel and recorded a
temperature for each bottle closure. These temperatures were used as additional CTD calibration checks.
The SBE35RT was utilized per the manufacturer’s specifications and instructions, as described on their
website, www.seabirdelectronics.com.

The SBE9plus CTD was connected to the SBE32 36-place carousel providing for single-conductor sea
cable operation. The sea cable armor was used for ground. Power to the SBE9plus CTD, sensors,
SBE32 carousel was provided through the sea cable from the SBE11plus deck unit in the main lab.

1.3. Navigation and Bath ymetry Data Acquisition

Navigation data were acquired at 1-second intervals from the ship’s Kongsberg Seatex Seapath GPS 200
(receiver "1") by a Linux system beginning 19 February 2011.

Centerbeam bathymetric data from the Kongsberg Simrad EM-120 multibeam echosounder system were
fed realtime into the STS acquisition system and merged with navigation data. Depth data displayed by



-13-

the ship were 7m deeper than the feed to STS; a 7m hull depth offset was added later to STS depth data
for all events stored in the hydrographic database.

Bottom depths associated with rosette casts were also recorded on the Console Logs during
deployments. The Kongsberg Simrad EM-120 centerbeam depths were typically used. In addition,
uncorrected (1500 m/sec) LF/3.5 kHz data from a Knudsen 320 (LF/3.5 kHz) system were also displayed
for comparison or as an alternate source for bottom depth when the multibeam signal was out of range or
unavailable.

CTD Depth plus Distance Above Bottom (DAB) are reported in STS/ODF bottle and CTD data files for
ocean-bottom depth whenever both of these data values were available; otherwise, centerbeam bottom
depths are reported. Corrected multibeam center depths are reported for each cast event in the WOCE
90-1 format ".sum" file.

1.4. CTD Data Acquisition and Rosette Operation

The CTD data acquisition system consisted of an SBE-11plus (V2) deck unit and three networked generic
PC workstations running CentOS-5.5 Linux. Each PC workstation was configured with a color graphics
display, keyboard, trackball and DVD+RW drive. One system had a Comtrol Rocketport PCI multiple port
serial controller providing 8 additional RS-232 ports. The systems were interconnected through the ship’s
network. These systems were available for real-time operational and CTD data displays, and provided for
CTD and hydrographic data management.

One of the workstations was designated the CTD console and was connected to the CTD deck unit via
RS-232. The CTD console provided an interface and operational displays for controlling and monitoring a
CTD deployment and closing bottles on the rosette. Another of the workstations was designated the
website and database server and maintained the hydrographic database for SO4P. Redundant backups
were managed automatically.

CTD deployments were initiated by the console watch after the ship had stopped on station. The
acquisition program was started and the deck unit turned on at least 3 minutes prior to package
deployment. The watch maintained a console operations log containing a description of each deployment,
a record of every attempt to close a bottle and any relevant comments. The deployment and acquisition
software presented a short dialog instructing the operator to turn on the deck unit, to examine the on-
screen CTD data displays and to notify the deck watch that this was accomplished.

Once the deck watch had deployed the rosette, the winch operator lowered it to 10 meters, deeper in
heavier seas. The CTD sensor pumps were configured with a 5-second start-up delay after detecting
seawater conductivities. The console operator checked the CTD data for proper sensor operation and
waited for sensors to stabilize, then instructed the winch operator to bring the package to the surface and
descend to a specified target depth, based on CTD pressure available on the winch display. The profiling
rate was at most 30m/min to 100m and 60m/min deeper than 100m, depending on sea cable tension and
sea state.

The progress of the deployment and CTD data quality were monitored through interactive graphics and
operational displays. Bottle trip locations were transcribed onto the console and sample logs. The sample
log was used later as an inventory of samples drawn from the bottles. The altimeter channel, CTD depth,
winch wire-out and bathymetric depth were all monitored to determine the distance of the package from
the bottom, allowing a safe approach to 8-10 meters.

Bottles were closed on the up-cast by operating an on-screen control. The expected CTD pressure was
reported to the winch operator for every bottle trip. Bottles were tripped 30-40 seconds after the package
stopped to allow the rosette wake to dissipate and the bottles to flush. The winch operator was instructed
to proceed to the next bottle stop at least 10 seconds after closing bottles to ensure that stable CTD data
were associated with the trip and to allow the SBE35RT temperature sensor to measure bottle trip
temperature.

It was necessary at some stations in higher sea states to close shallower bottles (normally only the
shallowest bottle) on the fly due to the need to keep tension on the CTD cable. At those closures - always
noted on the CTD Console Log Sheet - the SBE35RT temperature is not usable.
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After the last bottle was closed, the package was brought on deck. Once the rosette was on deck, the
console operator terminated the data acquisition, turned off the deck unit and assisted with rosette
sampling.

1.5. CTD Data Processing

Shipboard CTD data processing was performed automatically during and after each deployment using
SIO/STS CTD processing software v.5.1.6-1.

During acquisition, the raw CTD data were converted to engineering units, filtered, response-corrected,
calibrated and decimated to a more manageable 0.5-second time series. Pre-cruise laboratory
calibrations for pressure, temperature and conductivity were also applied at this time. The 0.5-second
time series data were used for real-time graphics during deployments, and were the source for CTD
pressure and temperature data associated with each rosette bottle. Both the raw 24 Hz data and the
0.5-second time series were stored for subsequent processing. During the deployment, the raw data were
backed up to another Linux workstation.

At the completion of a deployment a sequence of processing steps were performed automatically. The
0.5-second time series data were checked for consistency, clean sensor response and calibration shifts. A
2-decibar pressure series was generated from the down cast data. The pressure-series data were used
by the web service for interactive plots, sections and CTD data distribution. Time-series data were also
available for distribution through the website.

CTD data were routinely examined for sensor problems, calibration shifts and deployment or operational
problems. The primary and secondary temperature sensors (SBE3plus) were compared to each other
and to the SBE35 temperature sensor. CTD conductivity sensors (SBE4C) were compared to each other,
then calibrated by examining differences between CTD and check sample conductivity values. CTD
dissolved oxygen sensor data were calibrated to check sample data. Theta-Salinity and theta-O,
comparisons were made between down and up casts as well as between groups of adjacent
deployments.

A total of 140 casts were made using the 36-place CTD/LADCP rosette. Further elaboration of CTD
procedures specific to this cruise are found in the next section.

1.6. CTD Acquisition and Data Processing Details

During the run to the Eastern Ross Sea mooring sites, routine Theta-Salinity overlays of deep pressure-
series (downcast) data showed that primary sensors were not overlaying the bottle data. Closer
examination showed that downcast salinity data were routinely 0.001 to 0.002 PSU lower than upcast
salinity data. This was not an issue for the secondary sensors. It was decided to use the secondary
sensors for reporting data wherever possible, and only use the primary sensors where the secondary
sensors were not usable. This did not seem to have any effect on oxygen data, which was connected into
to the primary ducting.

Another problem also surfaced while examining time-series data in more detail on both Theta-Salinity
plots and property-property plots near density inversions. The data for both sensors was unusually noisy,
more than could be attributed to shiproll. The SBE11 deck unit settings were checked, and both sensors
had the standard 0.073-second "advance". Various tests were performed, which showed that both sensor
pairs required additional lags to match the TC data for the least noisy salinity data. T1C1 required an
0.06-second lag, and T2C2 required an additional 0.05-second lag.

Various reasons were proposed for this unusual extra lag, directly related to the low water temperatures -
rarely outside +2°C. It is suspected that this either slowed down the pump rates, or the conductivity
Sensor responses.

All CTD data were re-averaged through station 96 using the additional lags, and noise was greatly
reduced for both sensor pairs. The lags were used for initial processing for the remainder of the casts.

Altimeter 90107 (500m range) was replaced by Altimeter 45531 (100m range) after the second Test cast
because it was reading 50m too far off the bottom. C2/3176 was replaced by C2/2593 at the same time
because it was anywhere from 0.02 to 0.06 mS/cm lower than C1, with a notable drift between its own
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down and up casts. The deck unit alarm went off when the first test cast went into the water; perhaps this
is related to the bad conductivity sensor values.

C1/3057 was replaced by C2/3399 after station 10 due to excessive drift from cast to cast in the first 10
stations. The secondary TC sensors were shifted into the primary ducting, and the previous primary T
was shifted into the secondary ducting with the new conductivity sensor. The original secondary TC
sensors were used for reporting data for stations 2-10.

The secondary TC sensors were used for all data reported for stations 11-140, except where those
sensors were not usable. The following stations used the primary sensors for reporting data:

042/01 spiking/offsets/noise on C2: high late downcast, low all of upcast.
043/02 spiking/offsets (high) on C2 downcast until just above 2900db; upcast still noisy.

076/01 problems with C2 stabilizing at start of cast, T2 also intermittently flaky. lowering to 20-30db did
not help. Appeared to clear itself around 40-60db.

077/01 similar problem to station 76: unstable at surface, stabilized deeper in cast.

Secondary pump 05-3376 was replaced with 05-4377 after station 77 and resolved the stabilization
problems. A bench test showed no problem with the original pump.

Altimeter 45531 flooded during station 124, and was replaced by Altimeter 47042, with the same
make/model/range.
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The following table reflects other misc. problems noted during specific casts:

station/
cast
3/1
11/1
16/1

17/1

22/1

23/2

45/1
53/1

59/2
62/1

69/1
78/1

82/1
85/1

95/1

96/1
98/1

109/1
126/2

Comment

inflection at surface in all parameters mirrors upcast - ok.

blockage in tubing or frozen at top of cast, start pressure-sequencing at 10db
Conductivity sensors not stable until 14db down, oxygen not stable until much deeper.
Probable freezing issue in pump tubes: upcast shows a big mixed layer. Top 28db of raw
CTDO data despiked to same value as 28db (after it stabilized), before fitting. Coded
CTDO as questionable because so much was extrapolated.

unusually noisy data: vertically mounted CTD was vibrating significantly within its cage. 3
of the 4 cage mounting bolts were completely loose. They were cranked down with a
socket.

Noisy, possible biological contamination on first descent to 35m; used second yoyo/start-
down to start pressure-sequencing

CTD alarm went off near bottom of cast, 31 "sync" errors during cast. Mechanical
retermination done during 2-day run to station 24.

Stop at 3908m down cast to work on wire.

Downward-looking ADCP (12734) removed from rosette between stations 52 and 53.
Upward-looking ADCP (13330) was moved to the downward-looking ADCP position.

Prior to deployment, cleaned air bleed hole and rinsed/flushed system with Triton-X.

first cast attempt aborted after launch due to reported bubbles coming up from rosette
when sitting at 10m. No problem found, re-used same cast number.

carousel froze: No bottles closed.

Down to 20m for equilibration then up to 15m weather/seas issue. Conductivity response
much better this cast.

Did not bring to surface before downcast: cast begins at 8db.

offset in all sensors on upcast at “1350db. Post cast: found “2-inch long weird fish in tube,
looked like a combination between a dark brown slug and an earwig, with little fins.

full preventative re-termination (electrical and mechanical) after sta. 95, during 2-day run
to sta.96.

downcast started at 8db.

Altimeter did not give a reading (true value) until "35m above the bottom, it has 'kicked in’
at “70m.

Start downcast at 20db due to heavy roll (no yoyo back to surface).

Cast stopped at 100m due to odd CTD data, brought back on deck; visual inspection
showed no apparent blockage or loose connectors. Sucked out pumps w/syringe, flushed
w/DI slight pooling of water above exhaust hole (primary) cleaned exhaust holes on both
tubing section. Flushed with DI, suctioned water w/syringe re-deployed as cast 3.
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1.7. CTD Sensor Laborator y Calibrations

Laboratory calibrations of the CTD pressure, temperature, conductivity and dissolved oxygen sensors
were performed prior to CLIVAR S04P. The calibration dates are listed in table 1.7.0.

Sensor SIN Date Calib. Facility = Stations Used
Paroscientific Digiquartz Pressure 99677 01 Nov 2010  SIO/STS Test,2-140
Sea-Bird SBE3plus T1 Temperature 03P-4943 09 Nov 2010 SIO/STS Test,2-10
Sea-Bird SBE3plus T1 Temperature 03P-5046 09 Nov 2010 SIO/STS 11-140
Sea-Bird SBE3plus T2 Temperature 03P-5046 09 Nov 2010 SIO/STS Test,2-10
Sea-Bird SBE3plus T2 Temperature 03P-4943 09 Nov 2010 SIO/STS 11-140
Sea-Bird SBE4C C1 Conductivity 04-3057 28 Oct 2010 SBE Test,2-10
Sea-Bird SBE4AC C1 Conductivity 04-2593 28 0ct 2010 SBE 11-140
Sea-Bird SBE4C C2 Conductivity 04-3176 20 Aug 2010 SBE Test
Sea-Bird SBE4AC C2 Conductivity 04-2593 28 Oct 2010 SBE 2-10
Sea-Bird SBE4AC C2 Conductivity 04-3399 11 Nov 2010 SBE 11-140
Sea-Bird SBE43 Dissolved Oxygen 43-1136 20 Sep 2010 SBE Test,2-140
Sea-Bird SBE35 Reference Temperature  35-0011 10 Dec 2010 SBE Test,2-140

Table 1.7.0 CLIVAR S04P CTD sensor laboratory calibrations.

1.8. CTD Shipboar d Calibration Procedures

CTD #831 was used for all CTD/rosette/LADCP casts during SO4P. The CTD was deployed with all
sensors and pumps aligned vertically, as recommended by SBE.

The SBE35RT Digital Reversing Thermometer (S/N 3516590-0011) served as an independent calibration
check for T1 and T2. In situ salinity and dissolved O, check samples collected during each cast were
used to calibrate the conductivity and dissolved O, sensors.

1.8.1. CTD Pressure

The Paroscientific Digiquartz pressure transducer (S/N 831-99677) was calibrated in November 2010 at
the SIO/STS Calibration Facility. The calibration coefficients provided on the report were used to convert
frequencies to pressure. The SIO/STS pressure calibration coefficients already incorporate the slope and
offset term usually provided by Paroscientific.

Pre- and post-cast on-deck/out-of-water pressure offsets varied from -0.28 to +0.47 dbar before the casts,
and -0.26 to +0.43 dbar after the casts. The in/out pressures within a cast were very consistent; most of
the variation can be attributed to lows and highs in atmospheric pressure (including a day or two of more
than 1020mb, and another period over 1010mb). No adjustments were made to calculated pressures.

1.8.2. CTD Temperature

The same two temperature sensors (03P-4943 and 03P-5046) were used during all SO4P casts. 4943
started out in the primary ducting, and 5046 in the secondary. After station 10, the secondary TC pair
was physically shifted to the primary circuit, and the original primary T was shifted to the secondary circuit
with a new conductivity sensor. For the purposes of this report, T1 will refer to sensor 5046, and T2 to
sensor 4943 (referring to where they were ducted for most of the cruise).

Calibration coefficients derived from the pre-cruise calibrations, plus shipboard temperature corrections
determined during the cruise, were applied to raw primary and secondary sensor data during each cast.

A single SBE35RT was used as a tertiary temperature check. It was located equidistant between T1 and
T2 with the sensing element aligned in a plane with the T1 and T2 sensing elements. The SBE35RT
Digital Reversing Thermometer is an internally-recording temperature sensor that operates independently
of the CTD. It is triggered by the SBE32 carousel in response to a bottle closure. According to the
manufacturer’s specifications, the typical stability is 0.001°C/year.

Two independent metrics of calibration accuracy were examined. At each bottle closure, the primary and
secondary temperature were compared with each other and with the SBE35RT temperatures.
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A single temperature correction was required for each sensor during CLIVAR S04P. Both primary and
secondary temperature sensors exhibited a linear pressure response compared to the SBE35RT. Offsets
for both temperature sensors remained stable through-out the cruise, and did not warrant any adjustment.

The final corrections for temperature data reported on CLIVAR S04P are summarized in Appendix A. All
corrections made to CTD temperatures had the form:

Tirsgo = T +tpsP +1tg

Residual temperature differences after correction are shown in figures 1.8.2.0 through 1.8.2.8.
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Figure 1.8.2.1 Deep SBE35RT-T1 by station (Pressure >= 2000dbar).
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Figure 1.8.2.3 Deep SBE35RT-T2 by station (Pressure >
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Figure 1.8.2.4 T1-T2 by station (-0.01°C <T 1-T2<0.01°C).
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Figure 1.8.2.8 T1-T2 by pressure (-0.01°C <T1-T 2<0.01°C).

The 95% confidence limits for the mean low-gradient differences are +0.00942°C for SBE35R T-T1,
+0.00782°C for SBE35R T-T2 and +0.01055°C for T1-T2. The 95% confidence limit for deep temperature
residuals (where pressure > 2000db) is £0.00080°C for SBE35R T-T1, +0.00083°C for SBE35R T-T2 and
+0.00064°C for T1-T2.

1.8.3. CTD Conductivity

Two conductivity sensors were rejected for drift issues: secondary sensor 04-3176 was replaced after the
test cast, and primary sensor 04-3057 was replaced after station 10. No data were used from either of
these sensors. After station 10, the secondary TC pair was physically shifted to the primary circuit, and
the original primary T was shifted to the secondary circuit with the new conductivity sensor.

Secondary sensor 04-2593 was used on stations 2-10, then shifted to primary after station 10. It will be
referred to as C1 for the purposes of this report. The new conductivity sensor (04-3399) was placed in
the secondary position from station 11 to the end of the cruise, and will be referred to as C2 in this report.

Calibration coefficients derived from the pre-cruise calibrations were applied to convert raw frequencies to
conductivity. Shipboard conductivity corrections, determined during the cruise, were applied to primary
and secondary conductivity data for each cast.

Corrections for both CTD temperature sensors were finalized before analyzing conductivity differences.
Two independent metrics of calibration accuracy were examined. At each bottle closure, the primary and
secondary conductivity were compared with each other. Each sensor was also compared to conductivity
calculated from check sample salinities using CTD pressure and temperature.

The differences between primary and secondary temperature sensors were used as filtering criteria to
reduce the contamination of conductivity comparisons by package wake. The coherence of this
relationship is shown in figure 1.8.3.0.
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Figure 1.8.3.0 Coherence of conductivity differences as a function of temperature differences.

Uncorrected conductivity comparisons are shown in figures 1.8.3.1 through 1.8.3.3.
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Figure 1.8.3.1 Uncorrected Cgqye —C1 by station (-0.01°C <T 1 -T2<0.01°C).
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Figure 1.8.3.2 Uncorrected Cgqye —C2 by station (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.3 Uncorrected C1-C2 by station (-0.01°C <T 1 -T 2<0.01°C).

Offsets for each C sensor were determined using Cg.ye —Ccrp differences in a deeper pressure range
(500 or more dbars). C1 generally displayed no drift with time, although offsets were adjusted for stations
2-10, while the conductivity sensor was still acclimating at the start of the cruise. C2 offsets had a steady,
slow shift with time; the rate of change flattened about halfway through the cruise. C2 offsets were last
evaluated for stations 11-85; then station 85’'s C2 offset was used for later stations.

After conductivity offsets were applied to all casts, response to pressure and conductivity were examined
for each conductivity sensor. The pressure response was not very linear for C1, so residual differences
were examined against conductivity first. All differences from stations 2-9 were used to determine a linear
correction as a function of conductivity, which held throughout the cruise.

C1 and C2 pressure-dependent corrections were then determined. Only casts deeper than 4000db, and
differences deeper than 500db, were used to determine the coefficients for C1, stations 2-76. Excluding
shallower values corrected deep conductivity data better without skewing the shallow data. All stations,
and all pressure ranges, were used to determine pressure-response coefficients for C2, stations 11-76.

After the pressure dependency was corrected, residual differences were examined against conductivity for
C2. A linear correction as a function of conductivity was determined using stations 11-81, including only
data where (T1-T2) differences were within £0.005°C.

Differences were monitored for both sensors during the rest of the cruise. No further adjustment to the
pressure- or conductivity-dependent coefficients was warranted. Deep Theta-S overlays showed that
deep CTD data overlaid well for the data reported.

The residual conductivity differences after correction are shown in figures 1.8.3.4 through 1.8.3.15.



=0

order=

0.000000000
3.629859839
7.114394563e+00

=4131
cl= 95.00%

1.7934398451e-01
n

2000dbar).

=0
1006
0

9.779094764e-01

0.000000000
0.000000000
0.498942574

8.2335984095e-02

n
-1.7400194742e-02

t-order

TP

T sd
order:

4 r

+

-24-

+

+Fp
++71 sd

T

e

4

+

0.000000000
3.682580552
7.217725262e+00

cl= 95.00%

p
T sd
n

+

+

i

0

+
+
+
+
+

at
+
i
n
Station Number

Station Number

+

#+ oy

+

+
10 20 30 40 50 60 70 80 90 100 110 120 130 140

10 20 30 40 50 60 70 80 90 100 110 120 130 140

+

0

10

(woysoioiw (pa10aliod)) enpisay 1O

"

+
+

+

+

¥
+
il

-10
-10
10

Figure 1.8.3.4 Corrected Cgyye —C1 by station (-0.01°C <T1-T2<0.01°C).

(wo/sosoiw (pa10a1l09)) [enpisay 1D

Figure 1.8.3.5 Deep Corrected Cgqe —C1 by station (Pressure >

(wo/soloiw (Pa19a1i02)) [enpisay 20

FyrIYTVATIET NI

0

+

L T

+

Station Number
Figure 1.8.3.6 Corrected Cgyye —C2 by station (-0.01°C <T1-T2<0.01°C).

+

+

M H R

10 20 30 40 50 60 70 80 90 100 110 120 130 140

-10



order=0

2000dbar).

0

0

95.00%
6.857392493e-01

95.00%
8.867352100e-01

0.452424236
n= 995

cl

0.000000000
0.000000000
0.000000000
1.489298307
2.918971048e+00
0.000000000
0.000000000
0.349873392

-3.5551080550e-01

-1.6831155779e-01

order:

p
sd

-2.8328162291e-01

order:

2000dbar).

-25-

-+ r=0.000000000

4or
TP
T sd
4o
TP
T sd

n

H
s

+

+
#+ +
+

M
+
¥
+
bt
+ T+
+
+
H
+
T+
Bl

HHHHHHTHHHH AT

+
+
e
+
T
+

A
+
+
+ +
+
+
I

Station Number
Station Number

Ht
+
+

R
5o
+

N
M
Lt
+ o+ +
-

10 20 30 40 50 60 70 80 90 100 110 120 130 140
s
+
+
hn

10 20 30 40 50 60 70 80 90 100 110 120 130 140

HHHHHTHH T
+

T
i
+
-

10 20 30 40 50 60 70 80 90 100 110 120 130 140

Station Number

0

10

0
0

-10
10
0
-10
10
0

Figure 1.8.3.8 Corrected C1-C2 by station (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.10 Corrected Cgyye —C1 by pressure (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.11 Corrected Cgyye —C2 by pressure (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.12 Corrected C1-C2 by pressure (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.13 Corrected Cgyye —C1 by conductivity (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.14 Corrected Cgye —C2 by conductivity (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.15 Corrected C1-C2 by conductivity (-0.01°C <T1-T2<0.01°C).
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The final corrections for all conductivity sensors used on CLIVAR S04P are summarized in Appendix A.
Corrections made to all conductivity sensors had the form:

Ceor = C +cpyP2+cpsP +¢,C +¢g

Salinity residuals after applying shipboard P/T/C corrections are summarized in figures 1.8.3.16 through
1.8.3.18. Only CTD and bottle salinity data with "acceptable" quality codes are included in the

differences.
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Figure 1.8.3.16 Salinity residuals by station (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.17 Salinity residuals by pressure (-0.01°C <T1-T2<0.01°C).
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Figure 1.8.3.18 Deep Salinity residuals by station (Pressure >= 2000dbar).

Figures 1.8.3.17 and 1.8.3.18 represent estimates of the salinity accuracy of CLIVAR S04P. The 95%
confidence limits are £0.0012 PSU relative to bottle salinities for deep salinities, and +0.0049 PSU relative
to bottle salinities for all salinities, where T1-T2 is within +0.01°C.

1.8.4. CTD Dissolved Oxygen

A single SBE43 dissolved O, sensor (DO/43-1136) was used during CLIVAR S04P. The sensor was
plumbed into the primary T1/C1 pump circuit after C1.

The DO sensor was calibrated to dissolved O, check samples taken at bottle stops by matching the down
cast CTD data to the up cast trip locations on isopycnal surfaces, then calculating CTD dissolved O, using
a DO sensor response model and minimizing the residual differences from the check samples. A non-
linear least-squares fitting procedure was used to minimize the residuals and to determine sensor model
coefficients, and was accomplished in three stages.

The time constants for the lagged terms in the model were first determined for the sensor. These time
constants are sensor-specific but applicable to an entire cruise. Next, casts were fit individually to check
sample data. Consecutive casts were checked on plots of Theta vs O, to check for consistency.

The small CTDO, drop at the surface of most casts seems to be an artifact of a long equilibration time for
this particular sensor. The upcast shows no routine drops, nor is any such drop seen in raw Trace Metal
CTDO, data at the surface on the same stations. On a few stations where a second yoyo was done, it did
not appear at the top of the second yoyo. These low data at the surface are marked as questionable in
the final reported CTD data files.

Standard and blank values for check sample oxygen titration data were smoothed, and the oxygen values
recalculated, after the final fitting of CTD oxygen. However, the changes to bottle oxygen values were
small and would have had little effect on the fits.

CTD dissolved O, residuals are shown in figures 1.8.4.0-1.8.4.2.
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Figure 1.8.4.2 Deep O, residuals by station (Pressure >= 2000dbar).

The standard deviations of 2.83 ymol/kg for all oxygens and 0.42 umol/kg for deep oxygens are only
presented as general indicators of goodness of fit. SIO/STS makes no claims regarding the precision or
accuracy of CTD dissolved O, data.
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The general form of the SIO/STS DO sensor response model equation for Clark cells follows Brown and
Morrison [Brow78], and Millard [Mill82], [Owen85]. SIO/STS models DO sensor secondary responses
with lagged CTD data. In situ pressure and temperature are filtered to match the sensor responses. Time
constants for the pressure response (r,), a slow (rr;) and fast (rs) thermal response, package velocity
(r4p), thermal diffusion (z47) and pressure hysteresis (r,) are fitting parameters. Once determined for a
given sensor, these time constants typically remain constant for a cruise. The thermal diffusion term is
derived by low-pass filtering the difference between the fast response (Ts) and slow response (T))
temperatures. This term is intended to correct non-linearities in sensor response introduced by
inappropriate analog thermal compensation. Package velocity is approximated by low-pass filtering 1st-
order pressure differences, and is intended to correct flow-dependent response. Dissolved O,
concentration is then calculated:

dpP

= do,
0,ml/l = [C1Vpoe“?5000) +C ] ey (T, P) [T HCsT s CrP11Co g Cog +CodT) (1.8.4.0)
where:
Oo,mi/l Dissolved O, concentration in ml/l;
Vo Raw sensor output;
C, Sensor slope
C, Hysteresis response coefficient
C, Sensor offset
fs(T,P) O, saturation at T,P (ml/l);
T in situ temperature (°C);
P in situ pressure (decibars);
Ph Low-pass filtered hysteresis pressure (decibars);
T Long-response low-pass filtered temperature (°C);
Ts Short-response low-pass filtered temperature (°C);
P, Low-pass filtered pressure (decibars);
d;)tC Sensor current gradient (zamps/sec);
%—T Filtered package velocity (db/sec);

dT low-pass filtered thermal diffusion estimate (T - T)).
C,-Cq Response coefficients.

CTD O,ml/l data are converted to gmol/kg units on demand.
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1.9. Bottle Sampling
At the end of each rosette deployment water samples were drawn from the bottles in the following order:

» CFC-11,CFC-12,SF4

*  °He

. 02

» Dissolved Inorganic Carbon (DIC)
° pH

»  Total Alkalinity

« Bcand ¥c

» Dissolved Organic Carbon (DOC) and Total Dissolved Nitrogen (TDN)
o Tritium

. 180

*  Nutrients

»  Chromophoric Dissolved Organic Matter (CDOM)

» Salinity

»  Phytoplankton Pigments (Chlorophyll a, Particulate Organic Carbon)
» Particulate Absorption

*  Phytoplankton-Cytrometry

*  Millero Density

The correspondence between individual sample containers and the rosette bottle position (1-36) from
which the sample was drawn was recorded on the sample log for the cast. This log also included any
comments or anomalous conditions noted about the rosette and bottles. One member of the sampling
team was designated the sample cop, whose sole responsibility was to maintain this log and insure that
sampling progressed in the proper drawing order.

Normal sampling practice included opening the drain valve and then the air vent on the bottle, indicating
an air leak if water escaped. This observation together with other diagnostic comments (e.g., "lanyard
caught in lid", "valve left open") that might later prove useful in determining sample integrity were routinely
noted on the sample log. Drawing oxygen samples also involved taking the sample draw temperature
from the bottle. The temperature was noted on the sample log and was sometimes useful in determining

leaking or mis-tripped bottles.

Once individual samples had been drawn and properly prepared, they were distributed for analysis.
Oxygen, nutrient and salinity analyses were performed on computer-assisted (PC) analytical equipment
networked to the data processing computer for centralized data management.

1.10. Bottle Data Processing

Water samples collected and properties analyzed shipboard were centrally managed in a relational
database (PostgreSQL 8.1.18) running on a Linux system. A web service (OpenACS 5.5.0 and
AOLServer 4.5.1) front-end provided ship-wide access to CTD and water sample data. Web-based
facilities included on-demand arbitrary property-property plots and vertical sections as well as data
uploads and downloads.

The sample log (and any diagnostic comments) was entered into the database once sampling was
completed. Quality flags associated with sampled properties were set to indicate that the property had
been sampled, and sample container identifications were noted where applicable (e.g., oxygen flask
number).

Analytical results were provided on a regular basis by the various analytical groups and incorporated into
the database. These results included a quality code associated with each measured value and followed
the coding scheme developed for the World Ocean Circulation Experiment Hydrographic Programme
(WHP) [Joyc94].
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Table 1.10.0 shows the number of samples drawn and the number of times each WHP sample quality flag
was assigned for each basic hydrographic property:

Rosette Samples Stations -140
Reported WHP Quiality Codes

levels 1 2 3 4 5 7 9
Bottle 4413 0 4358 2 40 0 0 12
CTD Salt 4413 0 4350 38 24 0 0 0
CTD Oxy 4356 0 4253 102 0 0 0 57
Salinity 4372 0 4328 25 18 5 0 36
Oxygen 4350 0 4325 8 16 27 0 36
Silicate 4314 0 4310 2 1 1 0 98
Nitrate 4314 0 4307 2 4 1 0 98
Nitrite 4314 0 4294 18 1 1 0 98
Phosphate 4312 0 4279 1 31 3 0 98

Table 1.10.0 Frequency of WHP quality flag assignments.

Additionally, data investigation comments are presented in Appendix C.

Various consistency checks and detailed examination of the data continued throughout the cruise. Chief
Scientist, James Swift, reviewed the data and compared it with historical data sets.

1.11. Salinity

Equipment and Techniques

A single Guildline Autosal 8400A salinometer (S/N 57-396) located in the Palmer's "Thermo Kool"
temperature controlled room, was us