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A. HIGHLIGHTS 

A.1. CRUISE SUMMARY INFORMATION 

WOCE section designation P18 
Expedition designation (ExpoCodes) 33RO20071215 

Chief Scientists Dr. John L. Bullister / PMEL Leg 1  
Dr. Gregory C. Johnson / PMEL Leg 2 

Co-Chief Scientists Dr. Dong-Ha Min / UT Leg 1  
Dr. Alejandro Orsi / TAMU Leg 2 

Dates 15 DEC 2007 to 18 JAN 2008 Leg 1 
21 JAN 2008 to 23 FEB 2008 Leg 2 

Ship R/V RONALD H. BROWN 
Ports of call San Diego, CA - Easter Island, Chile Leg 1  

Easter Island - Punta Arenas, Chile Leg 2 

Station geographic boundaries 
24° 27.56" N 

112° 54.39" W                           102° 32.47" W 
69° 26.63" S 

Stations 174 
Floats and drifters deployed 24 ARGO floats, 17 SVP drifters deployed 

Moorings deployed or recovered 8 TAO Buoy Sites Visited 
 







0

0

0

0

0

0

10
00

1000

10
00

10
00

1000

1000

2000

20
00

2000

2000
2000

20
00

2000

2000

2000

3000

3000

3000

3000

3000

30
00

3000

3000

3000

3000

3000

3000

3000

4000

40
00

40
00 4000

4000

4000

4000 40
00

4000
4000

40
00

4000

4000

4000

5000

5000

60
00

120˚W

120˚W

110˚W

110˚W

100˚W

100˚W

90˚W

90˚W

80˚W

80˚W

70˚W

70˚W

30˚S 30˚S

20˚S 20˚S

10˚S 10˚S

0˚ 0˚

10˚N 10˚N

20˚N 20˚N

30˚N 30˚N
San Diego

Easter Island

998
001004
006
008
010
012
014
016
018
020
022
024
026
028
030
032
034
036
038
040
042
044046
048
050
052
054
056

997
059

061
063

065
067
069
071
073
075
077
079
081
083
085
087
089
091
093
095
097996
099
101

0

10
00

20
0030

00

3000

30
00

3000

40
00

4000

40
00

4000

40
00

40
00

4000

5000

5000

5000

120˚
W

120˚W

100˚W

100˚W

80˚W

80˚W

70˚S
70˚S

60˚S
60˚S

50˚S
50˚S

40˚S 40˚S

30˚S 30˚S

Easter Island

Punta Arenas

093
095
097996
099
101
103
105
107
109
111
113
115
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
154
157
160
163
166
169
172

173
174



Summary

A hydrographic survey (CLIVAR/Carbon P18) was carried out on the NOAA Ship Ronald H. Brown from
December 2007 through February 2008 in the eastern Pacific. Mostof the survey work was a repeat of a 1994
occupation of a meridional section nominally along 110 - 103° W (WOCE P18).Tw o stations along a 1992 section
along 67° S west of 103° W (WOCE S4P) were also taken towards the end of the cruise. Operations included
CTD/LADCP/Rosette casts and radiometer casts. Underway data collected included upper-ocean currents from the
shipboard ADCP, surface oceanographic and meteorological parameters from the ship’s underway systems, and
bathymetry data. Ancillary operations included surface drifter deployments, Argo float deployments, and XBT
drops. NDBCTA O buoy servicing was also performed during the first leg of the cruise.
After an 8-day delay, NOAA Ship Ronald H. Brown departed San Diego, CA on 15 December 2007 at 0215 UTC.
The ship anchored off Easter Island, Chile from 18-21 January 2008 for a personnel change and short break between
leg 1 and leg 2. CLIVAR/Carbon P18 ended in Punta Arenas, Chile on 23 February 2008.
A total of 174 stations and 7 TAO Buoy sites were occupied during P18. 179 CTD/LADCP/Rosette casts (including
2 Test casts, 2 TAO calibration casts and 2 casts at station 98: the first to end leg 1 and the second to start leg 2) plus
54 radiometer casts were made. 24 ARGO floats were deployed, 17 SVP drifters were deployed, and approximately
82 XBTs were dropped. CTD data, LADCP data and water samples (up to 36) were collected on most Rosette casts,
in most cases to within 10-20 meters of the bottom.
Salinity, dissolved oxygen and nutrient samples were analyzed for up to 36 water samples from each cast of the
principal CTD/LADCP/Rosette program.Water samples were also measured for CFCs, pCO2, Total CO2 (DIC),
Total Alkalinity, pH, CDOM and Chlorophyll a. Additional samples were collected for3He, Tritium, 13C/ 14C, 32Si,
Millero Density, ONAR, DOC, DON, POC, and CDOM2C/CDOM3C.

Introduction

A sea-going science team gathered from multiple oceanographic institutions participated on the cruise. Several
other science programs were supported with no dedicated cruise participant.The science team and their
responsibilities are listed below.



Principal Programs of CLIVAR/Carbon P18 
 

Analysis Institution Principal Investigator email 
CTDO/Salinity NOAA/PMEL Gregory C. Johnson Gregory.C.Johnson@noaa.gov 
 NOAA/AOML Molly Baringer Molly.Baringer@noaa.gov 
Data Management UCSD/SIO James H. Swift jswift@ucsd.edu 
Chlorofluorocarbons (CFCs) NOAA/PMEL John Bullister John.L.Bullister@noaa.gov 
 UWashington Mark Warner warner@u.washington.edu 
3He/Tritium LDEO Peter Schlosser peters@ldeo.columbia.edu 
O2 NOAA/AOML Chris Langdon clangdon@rsmas.miami.edu 
Total CO2(DIC)/pCO2 NOAA/PMEL Richard Feely Richard.A.Feely@noaa.gov 
 NOAA/AOML Rik Wanninkhof Rik.Wanninkhof@noaa.gov 
Total Alkalinity/pH/Density UMiami Frank Millero fmillero@rsmas.miami.edu 
Nutrients NOAA/PMEL Calvin Mordy Calvin.W.Mordy@noaa.gov 
 NOAA/AOML Jia-Zhong Zhang Jia-Zhong.Zhang@noaa.gov 
CDOM/POC/Chlor.a UCSB Craig Carlson carlson@lifesci.ucsb.edu 
13C/14C WHOI Ann McNichol amcnichol@whoi.edu 
DOC UMiami Dennis Hansell dhansell@rsmas.miami.edu 
DON UMass Mark Altabet maltabet@umassd.edu 
Noble Gases (ONAR) UWashington Steve Emerson emerson@u.washington.edu 
30Si/28Si IGMR/ETH Zurich Ben Reynolds reynolds@erdw.ethz.ch 
Transmissometer TAMU Wilf Gardner wgardner@ocean.tamu.edu 
Lowered ADCP LDEO Andreas Thurnherr ant@ldeo.columbia.edu 
Shipboard ADCP UHawaii Eric Firing efiring@hawaii.edu 
TAO Servicing NOAA/NDBC Lex LeBlanc Lex.LeBlanc@noaa.gov 
Argo Float deployments & XBT drops NOAA/PMEL Gregory C. Johnson Gregory.C.Johnson@noaa.gov 
Drifter Deployment NOAA/AOML Shaun Dolk Shaun.Dolk@noaa.gov 
Underway surface ocean, NOAA Ship personnel  
meteorological and bathymetry data    
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Scientific Personnel CLIVAR/Carbon P18

P18 Leg 1 Scientific Personnel

Duties Name Affiliation email

Chief Scientist John L. Bullister PMEL John.L.Bullister@noaa.gov
Co-Chief Scientist Dong-Ha Min UTexas min@utmsi.utexas.edu
Grad Student Christian Brisen˜o LSU cbrise1@lsu.edu
Grad Student Hristina Hristova MIT/WHOI hhristova@whoi.edu
Grad Student Lindsey Visser TAMU lvisser@ocean.tamu.edu
TA O Mooring JamesRauch NDBC James.Rauch@noaa.gov
TA O Mooring William Thompson NDBC William.Thompson@noaa.gov
Chief Survey Tech. Jonathan Shannahoff NOAA
Deck/Salinity CarlosFonseca AOML Carlos.Fonseca@noaa.gov
ET/LADCP/Salinity Pedro Pen˜a AOML Pedro.Pena@noaa.gov
CTD Kristy McTaggart PMEL Kristene.E.Mctaggart@noaa.gov
LADCP ChengHo LDEO ho@ldeo.columbia.edu
Data Manager Mary C. Johnson SIO/STS/ODF mary@odf.ucsd.edu
CFC David Wisegarver PMEL David.Wisegarver@noaa.gov
CFC RobertLetscher UMiami rletscher@rsmas.miami.edu
3He/Tritium Kevin Cahill WHOI kcahill@whoi.edu
Oxygen George Berberian AOML George.Berberian@noaa.gov
Oxygen CharlesFeatherstone AOML Charles.Featherstone@noaa.gov
pCO2 Bob Castle AOML Robert.Castle@noaa.gov
DIC SimoneAlin PMEL Simone.R.Alin@noaa.gov
DIC Dana Greeley PMEL Dana.Greeley@noaa.gov
Alkalinity Nancy Williams UMiami n.williams6@umiami.edu
Alkalinity GabrieleLando UMiami g.lando@tin.it
pH RemyOkazaki UMiami rokazaki@rsmas.miami.edu
pH AndresSuarez UNAL afsuareze@unal.edu.co
DOC/15N/ 18O Stacy Brown UMiami mcstacmcspace@yahoo.com
Nutrients CharlesFischer AOML Charles.Fischer@noaa.gov
Nutrients ErikQuiroz TAMU erik@gerg.tamu.edu
CDOM/POC/Chl.a Mary-Margaret Murphy UCSB mmkm03220@yahoo.com
CDOM/POC/Chl.a SamSchick UCSB samtschick@gmail.com
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P18 Leg 2 Scientific Personnel

Duties Name Affiliation email

Chief Scientist Gregory C. Johnson NOAA/PMEL Gregory.C.Johnson@noaa.gov
Co-Chief Scientist Alejandro Orsi TAMU aorsi@neo.tamu.edu
Grad Student Chrissy Wiederwohl TAMU chrissy@ocean.tamu.edu
Grad Student Amoreena MacFadyen UWash amoreena@u.washington.edu
Chief Survey Tech. Jonathan Shannahoff NOAA
Deck/Salinity Andrew Stefanick NOAA/AOML Andrew.Stefanick@noaa.gov
ET/LADCP/Salinity Kyle Seaton NOAA/AOML Kyle.Seaton@noaa.gov
CTD Kristene McTaggart NOAA/PMEL Kristene.E.McTaggart@noaa.gov
CTD Sarah Purkey NOAA/PMEL Sarah.Purkey@noaa.gov
LADCP ChristofThurnherr LDEO cthurnherr@mydiax.ch
Data Manager Mary C. Johnson SIO/STS/ODF mary@odf.ucsd.edu
CFC NathanielNutter UWash nnutter@u.washington.edu
CFC NicholasBeaird UWash nlbeaird@u.washington.edu
3He/Tritium Anthony Dachille LDEO dachille@ldeo.columbia.edu
Oxygen George Berberian NOAA/AOML George.Berberian@noaa.gov
Oxygen ChrisLangdon UMiami clangdon@rsmas.miami.edu
ONAR/ 14C/ 13C Laurie Juranek UWash juranek@ocean.washington.edu
pCO2 Christopher Kuchinke UMiami kuchinke@server.physics.miami.edu
DIC David Wisegarver NOAA/PMEL David.Wisegarver@noaa.gov
DIC Sylvia Musielewicz NOAA/PMEL Sylvia.Musielewicz@noaa.gov
Alkalinity CynthiaA. Moore UMiami cmoore@rsmas.miami.edu
Alkalinity RyanJ. Woosley UMiami rwoosley@rsmas.miami.edu
pH Mareva Chanson UMiami mchanson@rsmas.miami.edu
pH JasonF. Waters UMiami jwaters@rsmas.miami.edu
DOC/15N/ 18O Charles Farmer UMiami cfarmer@rsmas.miami.edu
Nutrients CalvinMordy GenwestSystems Calvin.W.Mordy@noaa.gov
Nutrients NatchanonAmornthammarong NOAA/AOML Natchanon.Amornthammarong@noaa.gov
CDOM/POC/Chl.a David Menzies UCSB davem@icess.ucsb.edu
CDOM/POC/Chl.a Mary-Margaret Murphy UCSB mmkm03220@yahoo.com
Observer/Chile NadinRamirez nadinc@gmail.com

Description of Measurement Techniques

1. CTD/Hydrographic Measurements Program

The basic CTD/hydrographic measurements consisted of salinity, dissolved oxygen, and nutrient measurements
made from water samples taken on rosette casts; plus pressure, temperature, salinity, dissolved oxygen,
transmissometer, and fluorometer profiles collected from the CTD.A total of 179 CTD/rosette casts were made,
usually to within 10-20m of the bottom. Problems encountered are described later in this documentation. The
distribution of samples is illustrated in figures 1.0-1.3.
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Figure 1.0 Sample distribution, stations 1-54.
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Figure 1.1 Sample distribution, stations 54-98/1.
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Figure 1.2 Sample distribution, stations 98/2-137.
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Figure 1.3 Sample distribution, stations 137-185.
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1.1. Navigation and Bathymetry Data Acquisition

Navigation data were acquired at 2-second intervals from the ship’s P-Code GPS receiver by a  Linux system
beginning December 15.
Bathymetric data were logged from the ship’s 3.5kHz ODEC Bathy 2000 echosounder beginning 22 December 2007
at 2030 UTC. The echosounder was turned off during casts, and cast pinger-return data was recorded instead of
bottom depth. It was usually turned back on between casts.
Raw Seabeam data were also logged from 22 December, but not otherwise processed. Seabeam centerbeam depths
were displayed continuously, and data were manually recorded at cast start/bottom/end on CTD Cast Logs.
Both the Seabeam and Bathy 2000 transducers were located on the hull of the ship, at approximately 5.8m depth.
Ship’s Seabeam data recorded during CTD casts were already corrected for transducer depth, but used 1500m/sec
sound velocity to determine depth. The manually recorded Seabeam depths were Carter-table corrected via software
using actual latitude and longitude before reporting in data files.
Etopo2 bathymetry data were merged with navigation time-series data after each cast and used for bottle sections
shown earlier in this report.

1.2. UnderwaterElectronics Packages

The SBE9plusCTDs were connected to SBE32 carousels (24-place for CTD 209, 36-place for CTD 315), providing
for single-conductor sea cable operation.Within the 0.322 sea cable, two conducting wires were soldered together
as positive and the third conducting wire was used as negative. The sea cable armor was not used for ground
(return). Power to the CTDs and sensors, carousels and altimeters was provided through the sea cable from the
SBE11plusdeck unit in the main lab.
CTD data were collected with a Sea-Bird Electronics SBE9plusCTD (PMEL #209 or #315). The CTDs supplied a
standard SBE-format data stream at a data rate of 24 Hz. These instruments provided pressure, dual temperature
(SBE3plus), dual conductivity (SBE4), dissolved oxygen (SBE43), load cell (PMEL) and altimeter (Benthos or
Simrad 807) channels. The 36-place system (CTD 315) also provided fluorometer (Wetlabs CDOM) and
transmissometer (Wetlabs CStar) channels. An LADCP (RDI) was mounted on the rosette frames and collected data
independently.
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Table 1.2.0P18 24-Place Rosette/CTD #209 Configuration.

Manufacturer/Model SerialNo. Stations Used
Sea-Bird SBE32 24-place Carousel

Water Sampler 471

Sea-Bird SBE11plusDeck Unit 367
998, 1-14, 19-21, 29/1,
30-31, 51-53, 134-143, 154-174Sea-Bird SBE9plusCTD PMEL #209

Paroscientific Digiquartz Pressure Sensor209-53586
Primary Sea-Bird Sensors:

SBE3plusTemperature Sensor (T1) 03P-4211
SBE4C Conductivity Sensor (C1) 04-2887
SBE43 Dissolved Oxygen Sensor 43-0315
SBE5 Pump 3438 998, 1-14
SBE5 Pump 819 19-21,29/1, 30-31, 51
SBE5 Pump 1114(RB) 52-53,134-143, 154-174

Secondary Sea-Bird Sensors:
SBE3_02/F Temperature Sensor (T2) 03-1455
SBE4C Conductivity Sensor (C2) 04-2882
SBE5 Pump 819 998, 1-14
SBE5 Pump 3481 19

20-21, 29/1, 30-31,
51-53, 134-143, 154-174SBE5 Pump 2631

Wetlabs CDOM Fluorometer [V] FLCDRTD-428 154-174
Benthos Altimeter 1034 998, 1-9
Benthos Altimeter 1035 19

20-21, 29/1, 30-31,
51-53, 134-143, 154-174Simrad 807 Altimeter 98110

PMEL Load Cell 8756
7280 1-14,19-21, 29/1, 30-31, 51-53 (Master)

1-14, 19-21, 29/1, 30-31, 51-53 (Slave),
154-174 (Master)754RDI LADCP

Benthos Pinger 1006
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Table 1.2.1P18 36-Place Rosette/CTD #315 Configuration.

Manufacturer/Model SerialNo. Stations Used
Sea-Bird SBE32 36-place Carousel

Water Sampler 431

Sea-Bird SBE11plusDeck Unit 367 allbut sta.49
Sea-Bird SBE11plusDeck Unit 314 sta.49 only

15-18, 22-28, 29/2, 32-50, 54-57,
997, 58-98/1, 996, 98/2-133, 144-153Sea-Bird SBE9plusCTD 0315

Paroscientific Digiquartz Pressure 315-53960
Primary Sea-Bird Sensors:

SBE3plusTemperature (T1) 03P-4341
SBE4C Conductivity (C1) 04-3157
SBE43 Dissolved Oxygen 43-0664
SBE5 Pump 3956

Secondary Sea-Bird Sensors:
SBE3plusTemperature (T2) 03P-4335
SBE4C Conductivity (C2A) 04-3068 through66 + 997
SBE4C Conductivity (C2B) 04-1467 67-133,144-153 + 996
SBE5 Pump 3481 15-16
SBE5 Pump 3438 17-133,144-153 + 996

Wetlabs CDOM Fluorometer [V] FLCDRTD-428
Wetlabs CStar Transmissometer CST-507DR
Simrad 807 Altimeter 98110
Load Cell 1109

15-18, 22-28, 29/2, 32-50, 54-88 (Master);
93-133, 144-153 (Slave)7280

15-18, 22-28, 29/2, 32-50, 54-88 (Master);
89-133, 144-153 (Master)754

150 89-91 (Slave)

RDI LADCP

Benthos Pinger 1134

Table 1.2.2P18 Micro Profile Radiometer Casts

Manufacturer/Model Serial No.
Satlantic Micro-Profiler II 069
WetLabs ECO-FLNTU Chlorophyll Fluorometer 087

Each CTD was outfitted with dual pumps. Primary temperature, conductivity and dissolved oxygen were plumbed
into one pump circuit; and secondary temperature and conductivity into the other. The sensors were deployed
vertically. The primary temperature and conductivity sensors were used for reported CTD temperatures and
salinities on all casts except 30, 31 and 51 (primary pump problems) and 39 (severe bio-fouling of primary sensors).
The secondary temperature and conductivity sensors were used as calibration checks.

1.3. Water Sampling Package

CTD 315 rosette casts were performed with a package consisting of a 36-bottle rosette frame (PMEL), a 36-place
carousel (SBE32) and 36 12-liter Bullister bottles (PMEL).The CTD 209 rosette package consisted of a 24-bottle
rosette frame (PMEL), a 24-place carousel (SBE32) and 24 11-liter Bullister bottles (PMEL). Underwater electronic
components are listed in the previous section.
The CTD was mounted vertically in an SBE CTD frame attached to a plate welded in the center of the rosette frame,
under the pylon. The SBE4 conductivity and SBE3plus temperature sensors and their respective pumps were
mounted vertically as recommended by SBE. Pump exhausts were attached to inside corners of the CTD cage and
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directed downward level with the intake ports. Thetransmissometer was mounted horizontally and the fluorometer
vertically, attached to a rigid fiberglass screen that did not impede water flow. The altimeter was mounted on the
interior side of the screen. The RDI LADCP was mounted vertically on one side of the 36-place frame between the
bottles and the CTD. Its battery pack was located on the opposite side of the frame, mounted on the bottom of the
frame.
During leg 1, the LADCP was mounted on the outside of the 24-place frame.On leg 2, the LADCP "outrigger" cage
was removed and the LADCP was not mounted on the 24-place frame during the first series of 10 casts with the
smaller frame (stations 134-143). Beginning with station 154, the fluorometer and LADCP were both mounted
inside the 24-place frame. The LADCP was mounted with only the downward-facing heads installed, in order to
keep all 24 Niskin bottles on the frame.
The NOAA Ship Ronald H. Brown Aft Markey winch was used for stations 1-14 (24-place rosette casts) and all
36-place rosette casts.The Forward Markey winch was used for 24-place rosette casts at stations 19-21, 29/1 and
30-31. The24-place rosette was switched back to the Aft winch for stations 51-53 in order to troubleshoot problems
with the 36-place system. The Forward winch was used again during leg 2 for two series of casts with the 24-place
rosette, from stations 134-143 and again from station 154 to the end of the leg.
The rosette systems were suspended from one of two UNOLS-standard three-conductor 0.322" electro-mechanical
sea cables. Several reterminations were made during the cruise, prior to stations 20 (Fwd), 29/2 (Aft) and 32 (Aft).
The deck watch prepared the rosette 10-20 minutes prior to each cast.The bottles were cocked and all valves, vents
and lanyards were checked for proper orientation. The CTD was powered-up after arriving on station (or 10 min
prior to arriving on southern stations).The data acquisition system in the computer lab started when directed by the
deck watch leader. The rosette was unstrapped from its tiedown location on deck. The pinger was activated and
syringes were removed from the CTD intake ports. Thewinch operator was directed by the deck watch leader to
raise the package, the boom and rosette were extended outboard and the package quickly lowered into the water. The
package was lowered to 10 meters, by which time the sensor pumps had turned on. After 1-2 minutes, the winch
operator was then directed to bring the package back to the surface (0 m. winch wireout) and to begin the descent.
Each rosette cast was lowered to within 10-20 meters of the bottom, using both the pinger and/or altimeter to
determine distance.
The winch operator was directed to stop the winch at each bottle trip depth during the up-cast.The CTD console
operator waited 30 seconds before tripping a bottle to insure the package wake had dissipated and the bottles were
flushed, then an additional 10 seconds after bottle closure to insure that stable CTD comparison data had been
acquired. Oncea bottle had been closed, the winch operator was directed to haul in the package to the next bottle
stop.
Three sampling plans were used in rotation to choose standard sampling depths on each station throughout
CLIVAR/Carbon P18.
Recovering the package at the end of the deployment was essentially the reverse of launching, with the additional
use of poles to grab the rosette. The rosette was secured on deck under the block for sampling, except during a few
stations in the Southern Ocean, when the rosette was brought into the staging bay. The bottles and rosette were
examined before samples were taken, and anything unusual was noted on the sample log.
Each bottle on the rosette had a unique serial number. This bottle identification was maintained independently of the
bottle position on the rosette, which was used for sample identification. No bottles were replaced on this cruise, but
various parts of bottles were occasionally changed or repaired.
Routine CTD maintenance included rinsing the conductivity and DO sensors with a dilute Triton-X solution and
storing it in the conductivity cells (but not in the oxygen sensors) between casts to maintain sensor stability and to
eliminate any accumulating biofilms. Rosette maintenance was performed on a regular basis. O-rings were changed
and lanyards repaired as necessary. Bottle maintenance was performed each day to insure proper closure and sealing.
Valves were inspected for leaks and repaired or replaced as needed.
The 36-place SBE32 carousel had problems releasing some lanyards, causing mis-tripped bottles on multiple casts.
This problem improved as the cruise continued, after several repair attempts and bottle height/lanyard adjustments.
The Forward winch readout was shorter than the maximum cast depths by 1.4-1.6%.The largest difference was
used to apply a sloped correction (raw wireout* 1.0158) to the maximum wireout values reported for each cast on
the Forward winch.The Aft winch readouts were nominally 0.5% larger than maximum cast depths, with a few




