CRUISE REPORT
R/V Seward Johnson Cruise No. SJ-08-03

RAPID/MOCHA Program
April 4-30, 2008
Ft. Pierce to Ft. Pierce, Florida, USA

1. Introduction and Objectives

The RAPID/MOCHA program is a joint research effdoetween the National
Oceanography Centre (Southampton, U.K.), the Usityeof Miami’'s Rosenstiel School
of Marine and Atmospheric Science (RSMAS), and NGAAtlantic Oceanographic
and Meteorological Laboratory (AOML). The objeeiof this program is to establish a
pre-operational measurement system to continucas$grve the strength and structure
of the Atlantic meridional overturning circulati@cross the basin at 26° N. The U.K.
program is referred to as “RAPID-MOC” and is a parthe U.K. Rapid Climate Change
Program (RAPID) funded by the National Environmé®easearch Council (NERC). The
U.S. program is referred to as “MOCHA” (Meridior@Verturning Circulation and Heat-
flux Array) and is funded by the National Scienaafdation (NSF). NOAA contributes
significantly to the effort through its Western Balary Time Series Program.

The goals of cruise SJ-08-0&re to:

1) Service the *“western boundary array” of the RAPIQE®HA transbasin
observing system, consisting of 8 sites with curmeater/CTD moorings, several
including co-located bottom-pressure moorings;

2) Conduct hydrographic (CTDfp and direct current profiling (lowered-ADCP,
“LADCP”) stations along the 26.5° N mooring sectioit Abaco, Bahamas; and
along sections in the Northwest Providence ChaanélFlorida Current at 27° N,
including continuous shipboard ADCP observatiomst a

3) Retrieve data from 5 bottom pressure/inverted estwnder (PIES) sites via
acoustic telemetry

2. Cruise Synopsis

The cruise was split into two legs to accommodageldarge amount of mooring gear that
had to be carried on the ship. Leg 1 was from FEtrce, FL to Freeport, Bahamas, from
Apr. 4-20. During this leg the CTD work was contpte (except the NW Providence
section, which had to be skipped due to lack ofejimand the U.S moorings were
serviced. Leg 2 was from Freeport to Ft. PieraanfApr. 22-30, during which the U.K.

moorings were serviced. During the intermediate ptop in Freeport, Apr. 20-21, the
U.K mooring gear was loaded and the recovered WoSrimy gear was offloaded for

temporary storage. On leg 2, before returning ttoPkerce, the ship again stopped in



Freeport to offload the U.K. gear for transshipmemd reload the U.S. gear for transit to
Ft. Pierce.

Leg 1 began with occupation of the Florida Curr€éfDO,/LADCP section at 27° N
enroute to Freeport, Bahamas to clear in for rebesgr Bahamian waters. This section
measures the outflow through the Straits of Flowdeere AOML monitors the Florida
Current volume transport via submarine electromagicable.

After departing Freeport, the ship proceeded tpdeater offshore of Abaco where the
26.5° N section was occupied, consisting of 23 CFDADCP stations extending from
Abaco to 72° W. This section sampled the Deep &vedoundary Current and Antilles
Current region east of the Bahamas and is pam aingoing time series of these currents
collected since 1984 by the AOML group. The CTR@DCP stations collected on this
section are also important for calibration of résdtom the western boundary moored
array.

Following completion of the Abaco section, U.S. mong servicing operations were
commenced from east to west across the RAPID/MOGHy. U.S. mooring sites
WB3 and WB5 were successfully serviced, but at ¥itBO the mooring had to be
recovered after deployment due to a malfunctior@ogustic release, and this was later
redeployed on Leg 2. Acoustic telemetry from th@ML PIES sites A, B, and C was
also accomplished. Due to rough weather the PlES&ry at PIES site “D” had to be
postponed to Leg 2, and the PIES at site “E” haetoecovered because it could not be
communicated with (and had also stopped its nopimagling cycle).

The ship returned to Freeport on April"2fb load mooring equipment from the U.K.
mooring team, and departed Freeport again on A2mild. U.K. mooring sites WBA,
WB1, WB2, and WB4 were successfully serviced, andadditional mooring was
deployed at site WBH2. U.S. mooring WB0O was alstepdoyed on this leg, and data
telemetry from PIES site “D” was successfully acptished. A number of “cal-dip”
CTD casts were also performed on this leg (as agbn leg 1) to provide high —quality
calibrations for the moored T-S recorders (SeaBidro-cats) used on the moorings.
The ship returned to Freeport on April'2® offload all U.K. gear and reload U.S. gear
for the return transit to Ft. Pierce, and clear @uthe Bahamas. On the return trip to
Florida the ship steamed across the 27° N Floridae@t section while sampling the
cm&qent with shipboard ADCP and XBT profiles. Caudisembarked in Ft. Pierce April
30"



3. Scientific Personnel

Leg 1 (April 4-20, 2008):

Name Position Organization

Bill Johns Ch. Sci. RSMAS/ U. Miami
Lisa Beal Scientist RSMAS/ U. Miami
Jonathan Molina Scientist RSMAS/ U. Miami
Robert Jones Technician RSMAS/ U. Miami
Mark Graham Technician RSMAS/ U. Miami
Ben Shaw Student RSMAS/ U. Miami
Rafael Schiller Student RSMAS/ U. Miami
Wilson Mendoza Student RSMAS/ U.Miami
Chris Meinen Scientist NOAA/ AOML
Carlos Fonseca Scientist NOAA/ AOML
Ulises Rivero Technician NOAA/ AOML
Andy Stefanick Technician  NOAA/ AOML

Leg 2 (April 22-30, 2008):

Name Position Organization

Bill Johns Ch. Sci. RSMAS/ U. Miami
Jonathan Molina Scientist RSMAS/ U. Miami
Mark Graham Technician  RSMAS/ U. Miami
Carlos Fonseca Scientist NOAA/ AOML
Andy Stefanick Technician  NOAA/ AOML
Stuart Cunningham  Scientist NOC Southampton
Torsten Kanzow Scientist NOC Southampton
Craig Wallace Scientist NOC Southampton
Daniel Klocke Scientist IFM Hamburg
Robert McLachlan  Technician  NOC Southampton
Christian Crowe Technician  NOC Southampton
Dave Childs Technician  NOC Southampton
Colin Hutton Technician  NOC Southampton
Peter Lazarevich Scientist FSU

Eric Howarth Technician FSU



3. Cruise Operations
3.1 Mooring Operations

Mooring Recoveries

Seven taut-line subsurface moorings were succéssetovered from the locations
listed in Table 1 and shown in Figure la. Thesenngs contained a mixture of
current meters, Acoustic Doppler Current Profiles®CPs), and temperature/salinity
recorders. Additionally, two bottom lander moorin@$K sites WBL3 and WBL4),
containing only high-precision bottom pressure sexiswere successfully recovered.
The University of Miami moorings (sites WB0, WB3chWB5 in Table 1) had been
deployed previously in September 2006 aboard thé ward Johnson, while the
NOC moorings (sites WBA, WB1, WB2, and WB4) had rbeleployed previously on
the NOAA R/V Ronald Brown in March 2007. All mong recoveries went smoothly
and without incident, except for WB4, which hadtlgs near-surface flotation during
deployment period and took several hours to comthéosurface with the remaining
buoyancy. Also, there were more than usual diliiesi in communicating with some of
the acoustic releases on both the U.S. and U.Krimgs but eventually all the taut-
wire moorings were successfully released from tbom. A bottom lander mooring
previously deployed at U.S. site WB3 could not éleased from the bottom, after many
attempts, and is presumed lost.

Finally, a bottom lander at U.S. site WB5, that tme@dn intended for recovery on this
cruise, was left in the water to continue recorddada, as the PIES at this site had
stopped working and had to be recovered aheadaf pl

Table 1. Mooring Recoveries

Mooring Mooring Latitude Longitude Depth Date of
Site Number (°N) (°w) (m) Recovery
WBA 2007/04 26° 31.48 76° 52.17' 600 04/23/2008
WBO0 M371 26° 30.48 76° 50.52' 1015 04/19/2008
WB1 2007/01 26° 29.90' 78 49.30' 1400 04/23/2008
WB2 2007/02 26° 30.62' 76° 44.66' 3892 04/24/2008
WB3 M372 26° 29.66 76° 29.93' 4840 04/17/2008
WB4 2006/05 26° 32.26' 76° 08.89' 4824 04/27/2008
WB5 M373 26° 30.00 71° 58.30' 5297 04/13/2008
WBL3 2006/08 26° 30.42 76° 44.66' 388( 04/24/2008
WBL4 2006/05 26° 30.02 76° 02.95' 4810 04/27/2008

Mooring Deployments

A total of 12 moorings (8 taut-wire moorings antiettom landers) were deployed at the
locations listed in Table 2 and shown in Figure 14l deployments operations went
smoothly except for U.S. site WBA on the first leghich had to be recovered shortly



after deployment due to a malfunctioning acoustiease.
successfully redeployed on the second leg.

This mooring was

Mooring WB5 contained an experimental surface teleynbuoy intended to provide
near-real time data from all of the instrumentstio® mooring. The instrument data is
relayed via inductive up-wire telemetry to a subeste controller/logger in the main
subsurface flotation unit at 50 m depth, which thmelays the data via conducting S-
tether cable to a surface telemetry buoy. Therotheorings contain only internally
recording instruments whose data is recovered tfeemoorings are retrieved.

WBS5 had to be deployed in relatively rough sea d¢ants (winds 25-35 kts, seas 7-8 ft.)
due to an approaching weather system with conditexpected to worsen over for the
next 2 days. The surface telemetry buoy was appigrdamaged during deployment,
since no data telemetry messages were successkdlgived from the unit after
deployment. Visual inspection of the surface btiayfollowing morning confirmed that
the satellite antenna had been broken, and theréfersurface buoy was recovered from
the top of the mooring and replaced with a dumnogatfl Surveying of the on-bottom
position of all moorings (except for the bottomdars) was successfully completed after
each mooring deployment.

Table 2. Mooring Deployments

Mooring Mooring Latitude Longitude Depth Date of
Site Number (°N) (°w) (m) Deployment
WBA 26° 31.52' 76° 52.12' 598 04/23/2008
WBO0 M381 26° 30.34 76° 50.49' 1001 04/23/2008
WB1 26° 30.00' 76 49.23' 1380 04/25/2008
WB2 26° 30.12' 76° 44.52' 3891 04/26/2008
WBH2 26° 27.90' 76° 39.03' 4737 04/26/2008
WB3 M382 26° 29.53 76° 30.04' 4858 04/18/2008
WB4 26° 24.92' 75° 41.90' 4705 04/28/2008
WB5 M383 26° 30.33 71° 58.23' 5293 04/14/2008
WBL3 26° 30.41' 76° 44.66' 3887 04/24/2008
WBLB 26° 29.93' 76° 29.64' 4887 04/24/2008
WBL4 26° 24.25' 75° 42.59' 4705 04/28/2008
WBL5 M384 26° 30.44' 71° 58.86' 5239 04/14/2008

3.2 Inverted Echo Sounders

NOAA maintains a line of inverted echo soundersSfialong 26 30’ N as part of its
Western Boundary Time Series project. Some of nkguments are also equipped with
bottom pressure sensors (PIES), and one has Hdmtktam pressure sensor and a single



point current meter 50 m above the bottom (C-PIE$). deployment or recovery
operations were planned for this cruise, but orteSHkite E) had to be recovered after it
was determined the instrument was no longer sampdind could not be communicated
with acoustically. Acoustic data telemetry was ssstully conducted at four other PIES
sites. The activities involving inverted echo soensdare summarized in Table 3.

Table 3. PIES Operations

Site Instrument Latitude (°N) | Longitude (°W) | Depth (m) | Activity
type
A PIES 26° 30.9' 76° 50.0' 1092 Telemetry
B PIES 26° 29.5' 76° 28.2' 4804 Telemetry
C PIES 26° 30.1' 76° 05.2' 4761 Telemetry
D CPIES 26° 30.2' 75°42.3' 4690 Telemetry
E PIES 26° 29.9' 72° 00.3' 5233 Recovery

4. CTDO,/LADCP Stations

A total of 45 CTDQ stations were conducted during the cruise (Tableigure 2a and
2b). At each station, profiles of temperature, régli (conductivity), and dissolved
oxygen concentration were collected from the serfaxcwithin approximately 20 m of
the bottom, using a Sea-Bird SBE-911plus CTD systéiater samples for calibration
of the salinity and dissolved oxygen profiles werdlected using a 24-bottle Rosette
system containing 10 liter Niskin bottles. Currg@mbfiles were also measured using a
paired downward-looking 150 kHz Broadband and upwaoking 300 kHz Workhorse
Acoustic Doppler Current Profiling ‘hybrid” systeib ADCP) for all stations on the
Abaco line (stations 13-35), and at one of therimséent calibration stations (station 10,
see below). A second LADCP system consisting ofedaupward and downward
looking 300 kHz ADCPs was used for most of the ri@mg stations, including the
Straits of Florida section (stations 1-9) and calilon casts 36-43. No LADCP data was
collected on calibration casts 11-12 and 44-45tkiass processing of LADCP data was
done using Visbeck version 1X.4 software with naign data only, which requires
manually clipping off the on-deck data using RDWVEINADCP to obtain sensible
profiles. Second pass processing was completddweitsion 1X.4, including processed
CTD station data and on-station shipboard ADCP.data

Some of the CTD@casts were used to perform calibration checks entémperature,
salinity, and pressure measurements obtained franows moored instruments (SBE
Microcats and Aanderaa RCM current meters) aftegir thecovery or prior to
deployment. Acoustic releases were also attachedetdrame and tested on several of
these stations. During these casts, the outerafikskin bottles was removed from the
Rosette to accommodate the moored instrumentshen@TD package was lowered to



3000-4000m with 5 minute bottle stops during thekpge retrieval. These casts were
not part of the regular CTDALADCP hydrographic sampling performed on the @uis
and are indicated by an asterisk (*) in Table 4.

Table 4. CTDGO, Station Locations

Time | Latitude | Longitude | Depth

Station | Date (UTC) | (°N) (°W) (m)

1 04/04/08 1833 27.005 79.933 15
2 04/04/08, 2051 27.002 79.867 29
3 04/04/08 2241 27.002 79.784 38
4 04/05/08, 0010 26.999 79.686 52
5 04/05/08 0152 27.004 79.618 63
6 04/05/08] 0351 27.001 79.503 74
7 04/05/08 0557 27.000 79.380 69
8 04/05/08 0747 27.003 79.284 6]
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04/05/08, 0910 27.002 79.200 47
10* | 04/08/08| 0234 25.952 76.896 347
11* | 04/08/08| 0708 25.943 76.912 341
12* | 04/08/08| 1135 25.933 76.927 110
13 04/08/08 1719 26.523 76.88 51
14 04/08/08 1844 26.516 76.832 112
15 04/08/08 2022 26.500 76.743 383
16 04/09/08 0004 26.500 76.656 4571
17 04/09/08 0526 26.500 76.566 483
18 04/09/08 1022 26.497 76.474 484
19 04/09/08 1535 26.495 76.346 483
20 04/09/08 2022 26.500 76.218 48]
21 04/10/08 0055 26.500 76.086 480
22 04/10/08 0538 26.499 75.900 474
23 04/10/08 1026 26.499 75.703 469
24 04/10/08 1545 26.500 75.499 468
25 04/10/08 2106 26.503 75.304 464
26 04/11/08 0143 26.501 75.083 461
27 04/11/08 0650 26.503 74.800 454
28 04/11/08 1158 26.501 74.517 449
29 04/11/08 1719 26.498 74.239 453
30 04/11/08 2329 26.503 73.871 473
31 04/12/08 0516 26.500 73.501 4971
32 04/12/08 1105 26.500 73.133 504
33 04/12/08 1713 26.500 72.768 514
34 04/12/08 2243 26.500 72.383 519
35 04/13/08 0425 26.501 71.990 529
36* | 04/19/08] 0008 26.473 76.508 341
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37* | 04/19/08| 0427 26.464 76.505 347
38* | 04/19/08| 1722 26.490 76.808 111
39* | 04/22/08| 2212 26.041 76.837 396
40* | 04/23/08| 0329 26.212 76.740 396
41* | 04/25/08| 0040 26.500 76.599 397
42* | 04/24/08| 0541 26.482 76.598 395
43* | 04/25/08| 0155 26.460 76.635 396
44* | 04/27/08] 0304 26.499 76.579 399
45* | 04/28/08| 1546 26.393 75.676 347
* |nstrument calibration casts
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5. Underway Measurements

Thermosalinograph

Values of surface temperature and salinity werdicoausly monitored and logged on
the ship’s computer using a Sea-Bird temperaturehgctivity recorder installed in the
ship’s seawater intake line.

Shipboard Acoustic Doppler Current Profiler

Upper ocean currents were continuously measuredd twib different Acoustic Doppler
Current Profilers (ADCPs) mounted in the ship’sntducer well. One was a 150 kHz
Ocean Surveyor ADCP and the other was a 38 kHz iO8eaveyor ADCP. The depth
range of good velocity data typically extended 20 2n below the vessel for the 150 kHz
ADCP, and 1000 m for the 38 kHz ADCP, depending®ea state conditions. One of the
beams of the 150 kHz ADCP was malfunctioning duthmeyentire cruise, but the 3-beam
solutions obtained from the 3 functioning beamseappd otherwise good. The POSMV
3-D navigation system used for the ADCPS was imgrgpcalibrated during the first
part of leg 1 (for the outbound Florida Straitstset along 27° N), but was properly
calibrated for the remainder of the cruise aftereftd repositioning of one of the
antennas and recalibration of the system. Detdilhe shipboard and lowered ADCP
operations on the cruise are contained in a sepérdaernal) report prepared by Dr. Lisa
Beal, which can be made available on request.

6. Preliminary Results

The LADCP data acquired across the Florida Curféigiure 3) show the typical
surface intensified velocity core of the currenthwmaximum speeds near 2.0 m/s.
However in this section the flow appears atypicalivong over the shallow part of the
section near Florida. Evidence is also found fareak (southward) countercurrent near
the bottom along the Florida continental slope.



The LADCP section east of Abaco (Figure 4) showglence of the Deep Western
Boundary Current (DWBC) at depths below about 180Between Abaco and 75.5° W,
with a nearly uniform vertical structure and witlxmum speeds near 30 cm/s. Atypical
features of the section include the absence offanilfes” Current, which is normally
found flowing northward just offshore of Abaco wahsubsurface core near 400 m, and a
small eddy-like circulation centered near 700 mtkgpst offshore of the Bahamas
escarpment. Farther offshore, a banded structurevefsing currents is found suggestive
of planetary waves or additional eddy featuresajér zonal scale.

7. Release of Project Data

In accordance with the provisions specified in ¢theise prospectus and application for
foreign clearances, the full data results from tgeriment will be provided to the
Commonwealth of the Bahamas according to the faotigugchedule:

Shipboard Measurements

All shipboard measurements, including underway dateords and CTDZLADCP
station data, will be provided within 1 year of tieemination of the cruise (May, 2009).

Moored Instrumentation

Time series data records from the moored instrusneiit be provided within 2 years of
recovery of the instruments (nominally May, 2010).
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Recovered Moorings
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Figure 1a. Moorings recovered on cruise SJ-08-03. Additionabbttom lander" moorings were
recovered at sites WB2 and WB4 (not shown).

Deployed Moorings
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Figure 1b. Moorings deployed on cruise SJ-08-03. Additiah "bottom lander" moorings were
deployed at sites WB2, WB3, WB4 and WB5 (not shown).
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Stations 1-9

30°

27°N

30’
81°W

Figure 2a. CTDO2/LADCP stations 1-9, occupied on April 46, 2008.

Stations 10-45
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Figure 2b. CTDO2/LADCP stations 10-45, occupied on Apri8-28, 2008.
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Figure 3. Gulf Stream at 27°N, stations 1-9, April 4-52008.
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Figure 4. Meridional velocity section offshore of Abaco, conteed from LADCP

velocity profiles at stations 13-35, April 8-13, 2008.

12



