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1. Overview:

This leg of the Indian Ocean WHP study focussed on the southwest region of this ocean,
where the southward directed Agulhas Current is born, and where dense waters that filter
through fractures in the Southwest Indian Ridge form a northward directed deep boundary
current east of Madagascar. Both represent major circulation features of the Indian
Ocean; the Agulhas, one of the 3 or 4 largest currents on the globe, being the western
boundary current of the southern hemisphere subtropical gyre, the DWBC being
responsible for renewing the bottom waters of the Madagascar, Mascarene and Somali
Basins to the north.

The 14-5W-7C cruise was planned in coordination with the preceding and following legs of
the expedition, in light of previous hydrographic sampling in the region. The 14 leg across
the Mozambique Channel extended the I3 section work (from Australia to Madagascar) to
the African shelf. A meridional segment along Long. 54 30" between 33 30' and 19 S joins
a French section running south to the Antarctic continent (I7S) to the U.S. line 17
beginning NW of Mauritius and extending to the Arabian Peninsula. Quasi-zonal section
work along approximately 32S across the Agulhas Current, a reoccupation of the western
end of a 1987 pre-WOCE section, was aligned with a British moored current meter array



that is midway in it's deployment. Lastly, together with the western segment of the I3
section west of Long. 54 30E, our sampling program defined a closed box of
hydrographic casts, suitable for applying conservation statements to aid in deducing the
absolute circulation.

A total of 134 full-water-column CTD/O2 stations were occupied on the track shown in
Figure 1.1, with water samples collected at up to 36 levels during the up-casts. Samples
were analyzed aboard for salinity, dissolved oxygen, silica, nitrate, nitrite, phosphate,
CFC-11 and -12, total carbon and alkalinity, and chlorophyll. Samples were drawn (and in
some cases extracted) for shore-side analysis of 3 He, 3 H, 14 C and barium. A Lowered
Acoustic Doppler Current Profiling (LADCP) system was mounted aboard the underwater
package and returned full-depth profiles of direct velocity measurements. Five-minute
vector averaged upper ocean velocity data was acquired with a hull-mounted ADCP, and
intake temperature, salinity and surface meteorology was logged at 1-minute interval by
the Knorr's underway system. Lastly, due to the efforts of Prof. W.Krauss (I.f.M. Kiel) and
R.Peterson, a suite of 40 surface drifters was made available for deployment along our
cruise track. These instruments were drogued at 100-m with a 'holey sock' type drag
element.
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Figure 1.1. Station positions and cruise track for Indian Ocean WHP Leg 14-5W-7C

The scientific party consisted of 27 technicians and scientists, representing 10 laboratories
and 4 countries.



Table 1.1.  Scientific party aboard Knorr cruise 145-9: WHP line 14-5W-7C with major
responsibility and home institution.

Emidio Andre P watch stander
Marie-Claude Beaupre | SIO/ODF nutrient analyst

Scot Birdwhistell WHOI tritium/shallow helium
Steve Covey Uuw CFC analyst

Frank Delahoyde SIO/ODF technician in charge
Albert Fischer MIT/WHOI ADCP/LADCP

Scott Hiller SIO/ODF electronics technician/salts
Alistair Hobday SIO/UCSD watch stander

Jules Hummon SOEST/UH | ADCP/LADCP
Rhonda Kelly SIO/ODF nutrient analyst
Tonalee Key Princeton 14 C, underway CO2
Ernie Lewis BNL CO2

Leonard Lopez SIO/ODF oxygen analyst

Jean Maharavo CNRO watch stander

Kevin Maillet RSMAS/U.M | CFC analyst

Joanna Muench WHOI watch stander

David Muus SIO/ODF watch leader/bottle data
Ron Patrick SIO/ODF oxygen analyst

Ray Peterson SIO co-PI

Linda Pikanowski BNL/SHML CO2

Noasy Tovo

Razakafoniaino CNRO watch stander
Michael Thatcher WHOI SSSG technician
John Toole WHOI chief scientist

Jim Wells SIO/ODF watch leader/salts
Ralf Weppernig LDEO deep helium

Rick Wilke BNL CO2

Michelle Zotz BNL CO2

WHOI: Woods Hole Oceanographic Institution

SIO: Scripps Institution of Oceanography

ODF: Oceanographic Data Facility

lP: Instituto de Investigacao Pesqueira, Mozambique
UW: University of Washington

MIT: Massachusetts Institute of Technology

UCSD: University of California at San Diego

SOEST: School of Ocean and Earth Science and Technology
UH: University of Hawaii

Princeton: Princeton University



BNL: Brookhaven National Laboratory

CNRO: Centre National de Recherches Oceanograpiques, Madagascar
RSMAS: Rosenstiel School of Marine and Atmospheric Sciences

UM: University of Miami

SHML: Sandy Hook Marine Laboratory

2. Cruise Summary:

The 14-5W-7C leg was staged from Port Louis, Mauritius. Little in the way of cruise set-up
in port was required since the same principal technical groups that supported the
preceding 13 leg would also man ours (excepting the CFC analysis group). Chief concern
for the leg lay with the state of the two conducting cables aboard, used to support the
CTD/rosette work. One wire was very rusty and had a broken strand at approximately
4000 m along its length. However this cable had three functional conductors. (Normal
SIO/ODF operations utilize all three: two to power the CTD instrumentation and acquire
data, one to communicate and power the rosette.) The second, newer, wire had only two
functional conductors (as reported by the I3 investigators.) Provision had been made by
the WHOI Port Office to ship a third wire and drum to Durban, South Africa and for us to
stop enroute between the 14 and I5W legs and pick it up. Operations began with the
underwater instrumentation mounted on the older wire. A disappointment prior to sailing
was the failure of a P-Code key for the GPS receiver to initiate full-accuracy positioning
information. The cruise began with dithered navigation data as the chief source of
navigation information.

The vessel departed on schedule at 0900 local on June 11 (GMT+4). Our first work
consisted of a station (574) at 20S 54 30'E, a (near) reoccupation of a station from the
previous leg (and site of one of the last stations to be occupied on our leg. Repeated
stations were done to document short-term variability.) At the suggestion of the I3
investigators, a short section along 25S at the SW tip of Madagascar was added to the
sampling plan to investigate the meridional extent of a curious thermocline velocity
structure they observed at 20S. The vessel transited to 25S 50E, arriving June 13 05002,
and we proceeded to occupy a 10-station full-depth section into the Madagascar coast
(stations 575-584 with end station in 95 m of water). Along the section surface drifters
and ALACE's were deployed. From there we transited around the southern end of the
island to the start of the 14 line along 24 40'S. Enroute, vessel testing in advance of an
upcoming U.S. Coast Guard inspection was carried out. At the completion of this activity,
the vessel's bow thruster failed to stow correctly. The unit was retracted manually, but
was deemed inoperable and not repairable at sea. Normal hydrographic station keeping
does not require the bow thruster.

The 14 leg was commenced at 2025Z on June 15 with station 575 in 970 m of water within
1 nmi of the Madagascar beach. Stations were worked westward at maximum horizontal
spacing of 30 nmi. Headwinds kicked up mid-way across the Channel making progress
uncomfortable and a bit slower than usual (9 knots versus 11). During station 605 as the



underwater frame was held at the surface in preparation for the lowering, a ship roll
induced a major snap load on the sea cable. On recovery after the station a kink was
discovered in the wire approximately 10 m above the package. The initial plan was to shift
operations to the other cable but it was found to have only one functioning conductor.
(Somehow a conductor failed between when this cable was used on 13 and our attempted
use on |4 as it just sat on the drum!) After a retermination of the older wire, operations
continued without incident. The 14 line was completed at 1800 on June 19 with a station in
100 m of water 2 nmi from the Mozambique coast. The I4 line consists of stations 585 to
610; drifters and ALACE's were also deployed along the section.

The planned stop in Durban, South Africa was the next order of business. We arrived at
the pilot station at 0800 local on June 21 and were secured dockside by 1100. The
replacement drum and wire was installed in place of the cable with failed conductors by
1500. The ship's engineering staff, with the support of field engineers from Lipps, worked
to attempt repair of the bow thruster. In the end they were not successful but as noted
above, this had no effect on subsequent science operations. After a night in Durban, the
vessel returned to sea at 0800 local on June 22, and proceeded south to the start of the
I5W line. Just prior to sailing, a replacement GPS unit arrived and was installed. This unit
reported full P-Code position information.

Enroute to station 611, the ship was diverted west of the rhumb line to deploy surface
drifters upstream of the I5W line. The coastal station site was reached at 1500 on June
22 whereupon station work was resumed. As noted above, this segment of the cruise
reoccupied stations collected in 1987. A subset of these stations were also occupied by
the Baldridge (A.Ffield, chief scientist) in March of this year. The I5W WHP station line
was shifted approximately 1 nmi southwest of the 1987 section to avoid fouling current
meter moorings deployed by H.Bryden (Rennell Centre, Southampton) in an array across
the Agulhas Current. During station 619 communication between the underwater rosette
pylon and the laboratory became intermittent. In this state triggering of water samples
was impossible and the up-cast was terminated. This time the problem was ultimately
narrowed to the wiring harness connecting the underwater instrumentation to the sea
cable (i.e. not the cable itself). Cast 2 (with full suite of water samples on upcast) was run
on the back-up wire while the new wire was reterminated. Operations then shifted back to
the new wire for the balance of the cruise.

An extreme drop in bottom depth between stations 636 and 637 was responsible for the
chief scientist missing a wrap on the echo sounder recording. Station 637 was actually
terminated approximately 750 m above the bottom. Cast 1 of station 638 was also short
by this distance. When the error was discovered, the ship was directed back to the site of
station 638 whereupon cast 2 was taken to within 10 m of the bottom. Stations 637 and
638 were separated by less than 10 nmi, the missed bottom data at 637 was deemed
acceptable.

Westerly winds 25 knots and higher built in during June 30 and in the early evening of the
1st the strong cold front responsible passed over the ship. Sustained winds increased to
over 30 knots with gusts to 40-50 knots. As the winds were behind the vessel on transits,



time between stations was not affected. However, the large seas that built forced slow
winch operations to minimize shock loading the wire. Conditions grew marginal, but
operations were not halted as with time the seas abated. The southeasternmost station,
669, was completed on July 2 shortly after the front passage, and the cruise track turned
northeast (as the wind veered southwest). This marked the point where the present cruise
diverged from the 1987 section.

The vessel track ran northeast to station 680 at 29 30'S 54 30'E, and subsequently turned
due north. Given that no time had been lost to weather on the cruise (the only delay being
the 1 day in Durban), and station times and transit speeds had been fast, it was decided to
increase station resolution across the Madagascar Basin. The Baldridge cruise in March
documented two features warranting closer study: a westward directed jet of bottom water
presumably originating at the Atlantic Il Fracture Zone (Swallow and Pollard, Deep-Sea
Res., 35, 1437-1440, 1988) and a subtropical convergence front; both around 29-24S.
Station spacing was reduced to 20 nmi between 29 and 23 S.

Station 705 at 20S 54 30'E reoccupied station 574, the first station of this cruise. In order
to facilitate linking the I7C section with D.Olson's planned I7N stations, two additional
stations were occupied to the northeast. Station 707 was completed at 1700 on June 10,
and the vessel turned for Port Louis, Mauritius. Arrival was as scheduled on June 11 at
1000. Due to the excellent weather, good condition of the scientific and ship's equipment,
and fast transit times between stations, the contingency time allocated for the cruise
exceeded that needed (the 1 day in Durban). A total of 20 stations beyond that originally
planned were occupied with the available time.



Reports of the individual scientific teams:
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2. Water Sampling Package

Hydrographic (rosette) casts were performed with a rosette system consisting of a 36-bottle rosette frame (ODF), a
36-place plon (General Oceanics 1016) and 36 10-liter PVC bottles (ODIRdervwater electronic components
consisted of an ODF-modified NBIS Mark 1l CTD (ODF #1) and associated sensorgcBeaednsmissometer

(TAMU), RDI LADCP (UofH)

, Benthos altimeter and Benthos ping&€he CTD was mounted horizontally along

with the transmissomat&nsorMedics dissobd oxygen sensor and an FSI

the bottom of the rosette frame,

secondary PRsensor deplged net to the CTD. The LADCP wvas \ertically mounted to the frame inside the bottle



rings. Thealtimeter preided distance-alwe-bottom in the CTD data streanThe pinger vas monitored during a
cast with a precision depth recorder (PDR) in the sh@poratory The rosette systemas suspended from a three-
conductor 0.322" electro-mechanical cabRawer to the CTD andypon was preided through the cable from the
ship. Separateonductors were used for the CTD angop signals. The transmissometedissoled oxygen,
secondary temperature and altimeter were iated with the CTD, and their data were incorporated into the CTD
data streamDeep Sea Rersing Thermometers (DSR) were used occasionally on thig li® monitor for CTD
pressure or temperature drift.

The deck vatch prepared the rosette approximately 45 minutes prior to eachAtlagtlves, \ents and layards
were checkd for proper orientationThe bottles were coekl and all hardere and connections rechedk Time,
position and bottom depth were logged by the console operatorvat anrgation. Therosette vas deplged from

the starboard side of the main dedkach rosette castas lavered to within 5-10 meters of the bottom, unless the
bottom returns from both the pinger and altimeter weteemely poor Stations 637 and 638, casts 1, wengdoed

to a little more than 750m fafhe bottom due to an error in reading the PDR output from a steep aydssetion.

Bottles on the rosette were each identified with a unique serial nutdbeally these numbers corresponded to the
pylon tripping sequence, 1-36, where the first (deepest) bottle trippedattle #1.There were three stations where

the bottles were tripped in a special sequence for freon blank chBok&drip sequences, deepest to shalkt, for

these stations were bottles 18-36, then 1-17, at station 691; and bottles 30-36, then 1-29, at stations 692 and 693.

Averages of CTD data corresponding to the time of bottle closure were associated with the bottle data during a cast.
Pressure, depth, temperature, salinity and density were immedigdihble to fcilitate eamination and quality
control of the bottle data as the sampling and laboratory analyses progressed.

Recwering the package at the end of dgplent vas essentially the verse of the launching with the additional use
of air-tuggers for added stabilizatioiThe rosette &ws mwed into the starboard-side (foard) hangr for sampling.
The bottles and rosette weneaenined before samples weredakand ay extraordinary situations or circumstances
were noted on the sample log for the cast.

Routine CTD maintenance included soaking the condtycnd CTDO, sensors in distilled ater between casts to
maintain sensor stabilityThe rosette w&s stored in the rosette room between casts to insure the @$Dhav
exposed to direct sunlight or wind in order to maintain the internal CTD temperature near ambient air temperature.

Rosette maintenanceaw performed on agalar basis.O-rings were changed as necessary and bottle maintenance
was performed each day to insure proper closure and sealfalyes were inspected for leaks and repaired or
replaced as needed.

The transmissometer winds were cleaned prior to deploent approximatelywery 20 casts.The air readings
were noted in the AMU transmissometer log book after each cleanifitansmissometer data were monitored for
potential problems duringrery cast.

The R/V Knorrs garboard CTD winch as used during stations 574 through 620broken armor strand at about
4000m on this wire as inspected on up-casts deeper than 4000 meters, and re-taped as needed.

New CTD wire had been installed on the port winch at the start of thegl3hle it developed a short in one
conductor during 13.An attempt vas made to use it after station 605, while the starboard wase heing
reterminated, Wt a short had deloped in another conductor in the port wik.new dum/wire were installed on
the port winch during the Durban port stop.

The nev port wire was used for the rest of theylaith one &ception. Acommunication problem with theylon
caused station 619 cast 1 to be abortafter two atempts to restart the cast, ibsvassumed the wire needed
reterminating. Theosette vas switched to the starboard wire, and another cast attaiigat. f Theproblem vas
narraved davn to the rosette harness, and the 5th attempt at stationa&lSuacessful (called cast Z)he rosette
was switched back to the port wire after this cast.

After the last 14/I5W/I7C cast (station 707), the lepistrand starboard wireas paid out to 3800m, then rinsed of
during recoery. Approximately 1500m of wire were cutfpfind this drum/wire were replaced withwnavire
during the lg-end port stop in Port Louislhe old starboard wire & staved in the hold as a spare.
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Figure 7.2 Primary PR Temperature Calibration for ODF CTD #1, December 1994.

——————t—————f————+——+—+—+—+—f—+—+—+—+—+—+—+—+—+F—+—+—+—++order=2
1.876911e-05
5.986728e-04
1.499049e+00

[ r=0.9575637
g p=1.0000000
= d=0.0003675
= n= 157
@
o
o0
g
-1.505F———————
0 10 20 30
ITS-90 PRT1 Temp (deg C)
ODF CTD #1 Sept'95

Figure 7.3 Primary PR Temperature Calibration for ODF CTD #1, September 1995.

These laboratory temperature calibrations were referenced to an I1TS-90 staretaperatures were ceerted to

the IPTS-68 standard during processing in order to calculate other parameters, including salinity anevidiehsity
are currently defined in terms of that standard .oiyal calibrated CTD temperatures were reported using the
ITS-90 standard.

8. CTD Calibration Procedures

This cruise vas the fourth of fig consecutre Indian Ocean \WWCE lggs using ODF CTD #1xelusively. A
redundant PR sensor vas used as a temperature calibration check while at&Ea.conductvity and dissoled O,
were calibrated tm-situ check samples collected during each rosette cast.

Final pressure, temperature, conduittiand oxygen corrections were determined during post-cruise processing.

8.1. CTD#1 Pressue

The pressure sensoraw checkd for shifts during the Mauritius port stop prior to 14/I5W/17&.Paroscientific
DigiQuartz secondary pressure referenes wsed as a pressure calibration transfer standerdhifts in the CTD
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pressure calibration from the pre-cruise laboratory calibration were noted during this check.

There vas a pre- to post-cruise (keover 7.5 months) shift of -2.4 db at shalleand deep pressures in the cold-
bath laboratory calibrations for pressuihe warm-bath pressure correction shifted by -1.8 Half of the closure
between varm/cold calibrations can be accounted for bjed#nt temperatures of the pre-/post-cruise calibrations.
There were no significant slopefdifences between pre- and post-cruise pressure calibrations.

In order to determine when the pressure shift occurred, start-of-cast oatesfpressure and temperature data from
the 5 consecute ODF legs were compared with similar data from the pre- and post-cruise laboratory calibrations
for temperature.The pressure data from the 14/I5W/I7@ lanifted [0.8 db compared to pre-cruise laboratory data

at all temperaturesA -0.8 db ofset was applied to the entire pre-cruise pressure calibrafidrese reised
calibration data, plus the dynamic thermal-response correction, were applied to 14/I5W/I7C CTD #1 pressures.

Down-cast suiice pressures were automatically adjusted to 0 db as the CTD enteregtdheaw difference
between this alue and the calibrationalue was automatically adjusted during the top 50 decib&ssidual
pressure déets at the end of each up-cast (théed#hce between the last corrected pressureatermand O db)
aveaged 0.75 db, thus indicating no problems with the final pressure corredtignse 8.1.0 shwes the ofset pre-
cruise laboratory calibration used to correct 14/I5W/I7C CTD #1 pressure data.

ODF CTD #1 Dec'94 with -0.8 db offset

DWT-CTD (db)

H— T T T T T T
0 1000 2000 3000 4000 5000 6000
Pressure (db)
+= -142 x = 3041

Figure 81.014/15W/17C Pressure correction for ODF CTD #1: December 1994 calibrafiest &fy -0.8 db

The entire 10-month pre- to post-cruise laboratory calibration shift for the pressure sensor on GEI€gk than
half the magnitude of the ®CE accurag specification of 3 db 14/I5W/I7C CTD pressures should be well within
the desired standards.

8.2. CTD#1 Temperature

An FSI PR sensor (PR2) was deplged as a second temperature channel and compared with the prinfary PR
channel (PR1) on all casts to monitor for driffThe response times of the primary and secondalys€efsors were

matched, then preliminary corrected temperatures were compared for a series of standard depths from each CTD
down-cast.

The FSI PR used during the last half of I9Nas deplged as the secondary PRhroughout the ne 3 legs,
including 14/I5W/I7C. The diferences between the CTD #1 primaryTP&d the FSI PR drifted slonvly during
I9N, then stabilized at about -0@ by the end of that first ¢ Thenon-zero diference vas attrituted to drift in
the FSI PR sensor since a stable conduetty correction indicated no shift in the primary PRThere vas no
appreciable drift noted in the PR-PRI2 differences during 14/I5W/17C or either of theavprevious lags; the
differences remained stable, within 0.00Xf the diferences obseed at the end of I9NFigure 8.2.0 summarizes
the comparison between the primary and secondafyt&Rperatures.
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710

The primary temperature sensor laboratory calibrations indicated a >0.84itt at 0°C, a -0.0006C hift at mid-
range temperatures, and a -0.0@ 4hift at 32C from pre- to post-cruiseThe pre- and post-cruise temperature
calibrations were equally weighted and combined to generatesgaga temperature correction, whiclsvapplied

to all CTD casts done during the H$ebetween calibrationgzigure 8.2.1 summarizes theesage of the pre-/post-
cruise laboratory temperature calibrations for CTD #1.
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Figure 82.1 WOCE95 Primary temperature correction for ODF CTD #1, Dec.94/Sept.95 equally weighrtsgka

The 10-month pre- to post-cruise laboratory calibration shift for the primary temperature sensor on Ca® #1 w
about half the magnitude of theQE accurag standard of 0.00C. Sincean aerage of the tw calibrations vas
applied to the data, 14/I5W/I7C CTD temperatures should be well within DERVaccurag specifications.

The secondary FSI temperature sensors eitikedfor drifted during I9N, the firstdeof the 5 consecute CDF

legs, far more than the primary sensor drifted during the 10 months between laboratory calibiidt®fsS] PR
sensors seemed to monitor thewnodrift better than that of the primary temperature sensor mounted permanently
on CTD #1. Any comparison of their pre- and post-cruise calibratioas deemed pointless.
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8.3. CTD#1 Conductvity

The corrected CTD rosette trip pressure and temperature were used with the bottle salinity to calculate a bottle
conductvity. Differences between the bottle and CTD condgiiids were then used to desi a ©nductvity
correction. Thigorrection is normally linear for the 3-cm conduityi cell used in the Mark Il CTD.

Due to small shifting in CTD conduetiy, probably caused by ganic mattey the conductiity sensor vas svabbed

with distilled water prior to 19N/station 269, then remained stable through tketwe legs and the start of
14/I5W/17C. Baginning with station 597, there were problems with intermittent small-scale shifts between casts, up
to -0.002-3 mS/cm in the CTD condwaty signal. The problem increased to a continuous -0.005-6 mS/cm shift
during station 624, from about 2400 db on thevel@ast until the suaice up-castDuring station 625, the shifting

was intermittent: -0.020 mS/cm in multiple 8-46 dlgseents on the daen-cast, and man2-5 db sgments on the
up-cast. ltis assumed the shiftingas agin caused by genic contamination of the sensend that the sensoras
cleaned after station 629.he shifting problems seemed to be resdlvor subsequent casts, and the condititi

offset stabilized near the stargjlealue for the last 80 casts of 14/I5W/17C.

Conductvity differences abee and belav the thermocline were fit to CTD conduwdty for all 5 legs together to
determine the conduetty slope. The conductiity slope gradually increased from stations 148 (I9N) to 800 (I7N),
after which the condudtity sensor vas soakd in an RBS cleaning solution and therabbed with distilled water
Figure 8.3.0 shas the indvidual preliminary conducatity slopes for stations 148-800.
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Figure 83.0CTD #1 prelim. conductity slopes for WOCE95 stations 148(19N) through 800(I7N).

The conductiity slopes for stations 148-800 were fit to station numbéth outlying \alues (4,2 standard

deviations) rejected.Conductvity slopes were calculated from the first-order fit and applied to each 14/I5W/I7C
cast.

Once the condudtity slopes were applied, residual CTD conduityi offset \alues were calculated for each cast
using bottle conduactities deeper than 1400 dirigure 8.3.1 illustrates the 14/I5W/17C preliminary condvityi
offset residual alues.
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Figure 83.114/15W/17C CTD #1 preliminary condudfity offsets by station numher

Casts were grouped together based on drift and/ovkr@TD conductiity shifts to determine\erage ofsets.

This also smoothed thefett of ary cast-to-cast bottle salinityaviation, typically on the order af0.001 PSU.20

casts were omitted from the groups becausg were shallaver than 1400 db, or had tooMdottles deeper than
1400 db to calculate a usabldsef. 7other casts were omitted because ofvkmdCTD shifts or bottle salinity
problems. Smoothedffsets were applied to each cast, then sorfeetsf were manually adjusted to account for
discontinuous shifts in the condwdty transducer response or bottle salinities, or to maintain deep theta-salinity
consisteng from cast to castThere was no apparentfetct on conductity offsets caused by CTD idle time during
pre- or mid-cruise port stops or transits betweddGH lines.

After applying the conduatity slopes and d$ets to each cast, itas determined that sade salinity difierences
were [0.008 PSU high compared to intermediate and deégraliices. Aftethe ofset adjustments were made, a
mean second-order condwitly correction vas calculated for stations 148-80Bigure 8.3.2 shas the residual
conductvity differences used for determining this correction.

— order= 2
1.208854e-02
9.100439e-01

p=0.9565819
sd=4.8478759
n=16689

Residual Conductivity ((mS/cm)*1000)

CTD Conductivity
CTD #1, 1095 stas 148-800 residual conductivity slope, after linear corrxn

Figure 83.2CTD #1 residual non-linear condudty slope (WOCE95 stations 148 through 800).

A 4,2-standard deation rejection of the second-order finsvperformed on these féifences, then the remaining
values were fit to condugfity. This non-linear correction, added to the linear corrections for each dastivelfy
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pulled in suréce diferences while hang minimal efect on diferences belw the thermocline/halocline.

The final 14/1I5W/I7C conductity slopes, a combination of the linear dagénts from the preliminary and second-
order fits, are summarized in Figure 8.3Fgure 8.3.4 summarizes the final combined condiigtbffsets by
station number

Conductivity Slope (mS/cm)

570 580 590 600 610 620 630 640 650 660 670 680 690 700 710
Station Number
CTD #1 final conductivity slopes

Figure 83.314/15W/17C CTD #1 conductity slope corrections by station number
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Figure 83.414/15W/17C CTD #1 conductity offsets by station number

14/I5W/17C temperature and condwadty correction codicients are also tatbated in Appendix A.

Summary of Residual Salinity Differences

Figures 8.3.5, 8.3.6 and 8.3.7 summarize the 14/I5W/I7C residéatatites between bottle and CTD salinities after
applying the conduatity corrections. Only CTD and bottle salinities with (final) quality code 2 were used to
generate these figures.
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Figure 83.514/15W/17C Salinity residual dierences vs pressure (after correction).
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Figure 83.614/15W/17C Salinity residual dferences vs station # (after correction).
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Figure 83.714/15W/17C Deep salinity residual dérences vs station # (after correction).
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The CTD conductity calibration represents a best estimate of the condlyctield throughout the ater column.

30 from the mean residual in Figures 8.3.6 and 8.3.£0d0056 PSU for all salinities ari0.0014 PSU for deep
salinities, represents the limit of repeatability of the bottle salinities (Autosal, rosette, operators and sanhders).
limit agrees with stationwerlays of deep theta-salinityWithin most casts (a single salinometer run), the precision
of bottle salinities appears to be better than 0.001 Pi3id.precision of the CTD salinities appears to be better than
0.0005 PSU.

Final calibrated CTD data from @CE95 I3 and 17N lgs were compared with 14/I5W/I7C datBeep theta-salinity
comparisons for 14/I15W/17C stations 574 and 705(tasts done at the same position) and I3 station 548 (within 4
nautical miles (nm) of the twvother casts) shwed excellent agreement, less than 0.001 PSWedihce. [7C
stations 706-707 and 17N station 709, ca®8 nm apart along the same track line, were compared for theta-salinity
continuity; the also agreed well.

GEOSECS station 426as compared with 17C station 707, castetak nm (and 17.5 years) apafhhe GEOSECS
data were +0.002 to +0.003 PSU compared to I7W data, the sdererdie seen on multiple casts comparing
GEOSECS to data from 3 mieus WOCE Indian Ocean ¢gs. Theaveage diference becomes close to 0 when
corrections are applied for Standard \Bater batch diferences for GEOSECS (P-63) [Mant87] andD@E95
(P-126) [Culk98].

8.4. CTDDissoled Oxygen

An oxygen sensor also used on 13, during either the first 11 casts or the last 117 amsisedvfor most of
14/I5W/17C. Thisfirst sensor (A) ws switched out for a mesensor (B) for stations 670-697, during which there
were &tensve poblems with CTDO, cut-outs, noise and fskts. Wthin one second after the sensor entered the
water, the rav CTD O, values dropped dramaticallthen rose shly to "normal” \alues during the top100 db
After the first fev casts, the na values dropped to O and stayed there longer each cast before risityg telo
"normal” values. Theaw CTD O, values rose sharply within a second ootdter exiting the water at the end of
each cast, often gging-out at the maximum reading (4512) before droppirgnag "normal” alues. Thecut-out
problems, signal noise and apparent problems with sensor response in deepé@ncreased with each successi
use of this replacement sensdhe sensor as finally put out of its misery after station 697: the original oxygen
sensor (A) vas re-installed prior to station 698, andswised for the remainder of the 18.le

There are a number of problems with the response characteristics of the Sensotiylsditsor used in the NBIS
Mark Il CTD, the major ones being a secondary thermal response and asiggnsifrofiling velocity. Stopping
the rosette for as little as half a minute, omsétg dowvn for a bottom approach, can cause shifts in the ©JD
profile as oxygen becomes depleted atev near the sensoBuch shifts could usually be corrected bfsefting the
raw oxygen data from the stop or sledowvn area until some time after the sensor has beerinm@again,
occasionally until the bottom of the casinusually aggresee dtempts were made to imp® the drop-out areas
for station 670-697, mentioned in the abgmaragraph, becausanous lags cause sade data to he a srong
impact on the fit for the entire casAll offset sections, winch stops or wiaowns that dected CTD oxygen data
are documented in Appendix C.

Because of these same stopdstitoinn problems, up-cast CTD, data cannot be optimally calibrated@g check
samples. Insteadown-cast CTDO, data are devied by matching the up-cast rosette trips along ysogl surbces.
When devn-casts were deemed to be unusable (see Appendix C), up-casd,CGiEia were processed despite the
signal drop-dk typically seen at bottle stop3he diferences between CTD, data modeled from these dexd
values and check samples are then minimized using a non-linear least-squares fitting procedure.

Figures 8.4.0 and 8.4.1 shehe residual dierences between the corrected COPand the bottl®, (ml/l) for each
station. Thestandard ddations for stations 670-697 tkfences were nearly 30% dgr for all bottles, and nearly 3
times lager for deep bottles, compared to the other 14/I5W/I7C casdter quality codes hae been applied to the
worst CTDO, sections for stations 670-697, thefeliences are comparable to the rest of the cruise.
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Figure 84.014/15W/17C O, residual diferences vs station # (after correction).
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Figure 84.114/15W/17C DeepO, residual diferences vs station # (after correction).

The standard deations of 0.099 ml/l for all oxygens and 0.038 ml/l for deep oxygens are only intended as
indicators of hw well the CTD and bottl®, values match up.ODF males no claims gerding the precision or
accurag of CTD dissohedO, data.

The general form of the OD®, corversion equation folls Brovn and Morrison [Brav78] and Millard [Mill82],
[Owen85]. ODFdoes not use a digitized, sensor temperature to model the secondary thermal respgriastbad
models membrane and sensor temperatures Wwypéss filtering the PR temperature.In-situ pressure and
temperature are filtered to match the sensor respofisee-constants for the pressure respongeand two
temperature responseg and z; are fitting parametersThe O, gradient,dO./dt, is gproximated by la-pass
filtering 1st-ordelO, differences. Thigradient term attempts to correct for reduction of species otheOghatrthe
cathode. Théime-constant for this filtgt,,, is a fiting parameterOxygen partial-pressure is then calculated:
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do
Opp = [€10¢ +C,] Dfea(S, T, P) L @FreaTresTs e ) (8.4.0)

where:

Opp = Dissolved O, partial-pressure in atmospheres (atm);

O, = Sensor currentgamps);

f(S,T,P) =0, saturation partial-pressure at FTatm);

S = Salinity atO, response-time (PSUSs);

T = Temperature ab, response-time°C);

P = Pressure aD, response-time (decibars);

P, = Low-pass filtered pressure (decibars);

T = Fast lav-pass filtered temperature);

T, = Slow low-pass filtered temperaturtg);

% = Sensor current gradientdmps/secs).

14/I5W/17C CTD O, correction codicients ¢, throughcg) are tatlulated in Appendix B.

9. Bottle Sampling
At the end of each rosette deytoent water samples were dva from the bottles in the folleing order:

e CFCs;

*  He

* Oy

e TotalCO,;
o Alkalinity;
« AMS ¥c;
e Tritium;

* Nutrients;
o Salinity;

e Barium;

*  Chloroptyll.

The correspondence between uidiial sample containers and the rosette bottle from which the sarapldrayn
was recorded on the sample log for the caBhis log also included gncomments or anomalous conditions noted
about the rosette and bottle@ne member of the sampling teanasvdesignated theample copwhose sole
responsibility vas to maintain this log and insure that sampling progressed in the progigigdoeder

Normal sampling practice included opening the draiwesand then the airent on the bottle, indicating an air leak

if water escapedThis obseration together with other diagnostic comments (e.g.ydethcaught in lid", "alve left
open") that might later pve wseful in determining sample ingety were routinely noted on the sample log.

Drawing oxygen samples alsovisived taking the sample dvatemperature from the bottlefhe temperature as
noted on the sample log anésvsometimes useful in determining leaking or mis-tripped bottles.

Once indvidual samples had been draand properly prepared, thevere distriluted to their respee® laboratories
for analysis. Oxygen, nutrients and salinity analyses were performed on conrgasisted (PC) analytical
equipment netarked to Sun SRRCstations for centralized data analysithe analysts for each specific property
were responsible for insuring that their results were updated into the cruise database.

10. BottleData Processing

Bottle data processing ¢ with sample draing, and continued until the data were considered to be fad of
the most important pieces of information, the sample log sheet,filed out during the drang of the maw
different sampleslt was useful both as a sampleentory and as a guide for the technicians in carrying out their
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Cast Problem/Comment Solution/Action
648/01 | DI/-0.0160p 6db NA
OL/ctdoxy -0.15 ml/l compared to sta 649, no btl | O3/8-28db, drop also seen on up, although drop
this area starts at bottle stop; dm ctdoxy werlays pre&ious
cast here - may be OK?
OF/ctdoxy +0.20 ml/l compared to btl/upcast NA/270-340db, DU: up ctdS/oxy both drop hetg b
down does not
649/01 | OS/OL/-0.05 ml/l compared to btl/preus cast DO/RO +25/0-44db, O3/0-20db, yoctdoxy at start,
still low after despile, although matches xtecast
OF/-0.10 to +0.15 ml/l compared to btls, not NA/140-320db, GD/15db, DU
comparable to nearby casts
650/01 | BQ/surface btl + bottom btl EB/4db+ 4334db
OS/OL/-0.05 ml/l compared to nearby casts DO/RO +15/2-36db, 03/0-16db, Woctdoxy at start
and no btloxy here, still i@ after despile, although
matches pngous cast
651/01 | DI/-0.017%op 6db NA
OL/max.-0.20 ml/l compared to btls/nearby casts | 03/24-48db, double ctdoxy drop also seen wpt 0
half as may pressure interals; deeper up-drop
could be caused by btl stopytmo slavdown/stop
on davn here - may be OK?
BQ/used these btloxys for fit despite quality code |3NA/100-1800db, ctdoxy looks OK compared to
nearby casts
OF/max.+0.02-0.03 ml/l compared to bottom btl/ | O3/4200-4340db/btm
nearby casts
652/01 | ON DO/whole cast, as needed dar spiles/drops only
OS/ON/OH/only 74 secs. between ctayeson/in- | DO/RO -185 to -30/2-98db in 6 steps, 03/0-64db;
water: not enough arm-up for ctdoxy sensor large ofset/despik goplied to top 100db, uncertain
of true shape through this area with the biggest
changes; may be OK w@ same shape as upcast ar
overlays well with nearby casts
OF/-0.05 to +0.20 ml/l compared to btls NA/90-180db: GD/20db, compares well with nearb
casts, although noisy
653/01 | OS/OL/ON/lav and noisy ravoxy near surdce DO/RO +60 to +50/2-50db in 2 steps, OK after

OL/max.-0.20 ml/l compared to btl/nearby casts

OF/max.+0.15 ml/l compared to btls

offset/despik

NA/24-30db, OK? drop also seen sta 651 and on
upcast; up-drop could be caused by btl stop no
slovdown/stop on dan here

NA/52-120db, compares well with nearby casts,
GD/10db

d
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Cast Problem/Comment Solution/Action
654/01 | ON DO/whole cast, as needed,dar spiles/drops only
OS/OH/rav ctdoxy high at sugce DO/RO -30 to -10/0-14db in 2 steps, OK after
offset/despik
OL/max.-0.20 ml/l compared to nearby casts (no ptD3/34-56db, no such feature visible on up either
655/01 | OS/ON/OH/rav ctdoxy somehat high at sugce RO -30/0-10db, DO/0-18db, OK afterfeét/despik
656/01 | OF/high compared to btls, not comparable to neartiyA/140-200db, GD/15+db, DU
casts
660/01 | OS/OH/rav ctdoxy high at sudce DO/RO -30/0-28db, OK after despk
661/01 | OS/OH/rav ctdoxy slightly high at sudfce DO/RO -10/0-32db, OK after despk
OF/max.-0.30 ml/l compared to btls, nearby castg NA/76-120db: GS/20db, DU
OF/max+0.10 ml/l compared to btls NA/122-330db, DU; btloxys leer than nearby casts
also, lut match sta 660 btl/ctdoxys from 230-320db
then matches méfew casts at deeper pressures
662/01 | OS RO -10/2-16db
664/01 | ON DO/0-1300db
665/01 | OF/max.+0.20 ml/l compared to btls NA/100-180db, GD/10db, DU: ctdoxy compares
well to nearby casts
666/01 | OL/max.-0.10 ml/l compared to btls: ctdoxy matchdd$A/30-70db, may be OK: dmward-shift in ctdoxy
667 btls/ctd, btloxy matches 665 btls/ctd top 60db, stas 665 to 667: sta 666 rightdahe
middle; DU 15db from 60-110db
667/01 | OF/max+0.20 ml/l compared to btls NA/70-250db, GD/20+db, DU; ctdoxy similar only
to sta 668
668/01 | Wind at 40+ knots, awvein inner wet lab NA/see noise/yyo problems stas 668-672
0OS/OL/max.-0.10 ml/l compared to btls/nearby cadEO/RO +70/2-34db, O3/0-44db
after ofset/despik
OF/max.+0.10 ml/l compared to btls NA/85-150db, GD/10db, similar only to sta 667 in
an area of change
OF/max.+0.30 ml/l compared to btls NA/220-400db, GD/50db, DU
SR/5x5db ygos at 324db, 536db, 802db, 1228db, DO/O3/800-804db, ctdoxy signal shifts
1414db
BQ EB/4224db
669/01 | OL/max.-0.30 ml/l compared to btls/nearby casts| RO +20/6-28db, O3/0-104db

SR/4x5-9db ygos at 180db, 186db, 232db, 550dhb

OB

DO/03/182-188db, 03/230-232db; ctdoxy signal
shifts

RO -1/4202-4206db/btm
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Cast

Problem/Comment

Solution/Action

670-697

New/replacement ctdoxy sensor used for these castanseratively coded maw levds O3/orO4, much

Whenever ctdoxy sensor entered theater big drop
in rawoxy values within(l second, then rose sidy
during top[1100+db After the first fev casts,
rawoxy value dropped to 0 and stayed there longe
each cast,wentually rising agin to "normal” alues
during the tod1.00db When &iting water rawaky
values rose sharply within a second oofwften
pegging out at maximum veoxy value (4512)
before dropping agjn to "normal” @alues. Ower
time, surce ravoxy values dropped by150, not
counting the drops to 0 on first entering thetay
The ravoxy values at 1000db and the bottom
dropped by B0OO between stas 670-69The
1000-db ravoxy drop may be normal - that much
change is seen between 669-698 (old sensor).
Bottom calibrated ctdoxys for 698-70Veday well,
but continually dropping for 670-697 xeept when
it's goparent that someone attempted to fix the
problem near the end of that sensase

higher averall noise leel and nearly triple standard
deviation (btloxy vs ctdoxybefore O3/04/coded
levels remwed) compared to other casts thig le

=

670/01

OL/ON/OF/ctdoxy -0.60 ml/l compared to sack
btl: very lowv rawaxy at start of cast

ON/OFAhery noisy especially top 700db; SRer
25x5-10db ygos/stops/ctdoxy signal shifts in top
1180db; -0.30 ml/l ctdoxy drop at 1012-1036db n
seen upcast/nearby casts

SR/2x7db ygos at 1374-1378db, 2x6-8dbyas at
2168-2180db; ctdoxy signal shifts

DO/04/0-100db, still fits hav after extensie
despiking

DO/03/102-1180db

Dt

DO/OK after despi&

671/01

ON/very noisy especially top 750db
OP; OL/ON/OF/max.-0.25 ml/l compared to btls
SR/4x5-7db ygos at 496db, 504db

OBJ/SR/2x5-7db ygos at 4286db, 4290db/btm;
ctdoxy signal shifts

DO/wholecast, as needed
DO/RO +240 to +50/2-100db in 4 steps; 04/0-102d
03/504-510db, ctdoxy signal shifts
RO -3/4286-4290db/btm

672/01

ON/especialltop 1000db
OP; OL/ON/OF/max.-0.30 ml/l compared to btls

SR/9x5-8db ygos at 228db, 518db, 698db, 772db
802db, 890db, 1010db, 1016db, 1030db

OF/max.+0.25 ml/l compared to btl, 30-second/8-
yoyo 518-510db causes higher spik 520-522db

DO/whole cast, as needed
DO/RO +220 to +20/2-70db in 3 steps; 0O4/0-90db
, DO as needed/OKxeept as noted beko

d©3/498-538db




-13-

Cast Problem/Comment Solution/Action
673/01 | ON/especialliop 900db DO/whole cast, as needed
OP; OL/ON/OF/max.-0.20 ml/l compared to btls | DO/RO +310 to +50/2-104db in 3 steps; 04/0-118(
OB RO -2/4224-4236db/btm
674/01 | ON/deeper sections OK compared to nearby casts DO/0-700db
OP; OL/ON/OF/max.-0.25 ml/l compared to btls | DO/RO +250 to +20/2-82db in 4 steps; O4/0-76db
SR/2x5-7db ygos at 400db, 404db; ctdoxy signal | DO/398-410db, OK after despmk
shifts
675/01 | ON/especially top 1100db, increasesiagieep DO/wholecast, as needed
OP; OL/ON/OF/max.-0.15 ml/l compared to btls | DO/RO +210 to +20/2-62db in 4 steps; 04/0-62db
OB RO +3/4890-4902db/btm
Hard landing on deck at end of cast NA/no apparent &ct on data
676/01 | DI/-0.02%op 6db NA
ON/especially top 400db; entire cast sarhat DO/whole cast, as needed
noisy, better than nearby casts
OP; OL/ON/OF/max.-0.10 ml/l compared to btls | DO/RO +270 to +30/0-24db in 5 steps; O4/0-42db
677/01 | ON/entireast \ery noisy DO/whole cast, as needed
OP; OL/ON/OF/max:0.10 ml/l compared to btls | DO/RO +110 to +80/2-56db in 2 steps; 0O4/0-54db
OB RO -1/5136-5140db/btm
678/01 | ON/especially top 1400db, increasesiagoelav DO/wholeast, as needed
4100db
OP; OL/ON/OF/max.-0.30 ml/l compared to btls,
slow top 154db
679/01 | ON/especialliop 700db DO/whole cast, as needed
OP; OL/ON/OF/OK compared to btlsutbodd shape DO/RO +80 to +20/2-12db in 2 steps; O4/0-56db
in between
680/01 | DI/-0.0180p 6db NA

ON/especially top 1250db, deeper sections better
than nearby casts

OP; OL/ON/OF/max.-0.35 ml/l compared to btls
OL/ON/OF/max.-0.10 ml/l compared to btls

DO/0-2500db

DO/RO +205 to +40/2-92db in 6 steps; 04/0-102dh
DO/03/104-170db
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Cast Problem/Comment Solution/Action
681/01 | DI/-0.0190p 6db NA
ON/especially top 1000db, then 1450db to bottom DO/whole cast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.15 ml/l compared to btls | DO/RO +200 to +30/2-68db in 4 steps; O4/0-70db
OL/ON/OF/max.-0.25 ml/l compared to btls, drop| DO/O3/110-132db
not seen on upcast
OF/max+0.05 ml/l compared to btls DO/03/1700-2500db, 03/2950-4070db
682/01 | DI/-0.0220p 6db NA
ON/especially top 1100db, then 3800db to bottom DO/whole cast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.40 ml/l compared to btls | DO/RO +230 to +40/2-18db in 3 steps; 04/0-118dh
OF/max.+0.10 ml/l compared to btls DO/03/2600-3500db
683/01 | DI/-0.02Gop 6db NA
ON/especially top 1100db; deeper sections better DO/0-2500db
than nearby casts
OP; OL/ON/OF/ok compared to btls DO/RO +270 to +40/2-50db in 5 steps; O4/0-50db
OF/max.+0.05 ml/l compared to btls 03/2649-3150db
OF/drifts to +0.06 ml/l compared to bottom btl DO/03/5110-5242db/btm
684/01 | DI/-0.0280p 6db NA
ON/especially top 800db, then 2700db to bottom | DO/whole cast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.25 ml/l compared to btls | DO/RO +300 to +20/0-40db in 6 steps; O4/0-90db
OF/max+0.10+ ml/l compared to btls DO/03/1600-3850db
Large, 2-second drop inwectdoxy, did not hit DO/5246-5248db/btm
bottom, no gplanation
685/01 | OP; OL/ON/OF/max.-0.15+ ml/l compared to btls| DO/RO +235 to +30/0-34db in 4 steps; O4/0-84db
OF/max.-0.14 ml/l compared to btls DO/03/1250-2550db
ON/progressiely noisier as approach bottom DO/2000-5186db/btm
686/01 | ON/especially top 600db, then 1400db to bottom | DO/wholeast, as needed

progressiely noisier

OP; OL/ON/OF/max.-0.30 ml/l compared to btls
OF/max.-0.25 ml/l compared to btls

OB

DO/RO +230 to +25/2-42db in 5 steps; 04/0-82db
DO/03/1350-2678db
RO +1/5308-5314db/btm




-15-

Cast Problem/Comment Solution/Action
687/01 | ON/especially top 700db, then 1400db to bottom | DO/wholecast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.06 ml/l compared to btls | DO/RO +430 to +60/2-38db in 6 steps; O4/0-58db
OL/ON/OF/max+0.15 ml/l compared to btls DO/03/1700-4100db
688/01 | ON/especially top 700db, then 2600db to bottom | DO/wholeast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.10 ml/l compared to btls | DO/RO +260 to +60/0-58db in 5 steps; 04/0-58db
OF/max.-0.20 ml/l compared to btls DO/03/1400-2600db
OF/max.+0.05 ml/I compared to btls DO/03/3100-3950db
689/01 | Styrofoam cups [on package] this cast NA/no apparent éfct on data
ON/top 150db sonmwehat noisythen 2000db to DO/whole cast, as needed
bottom progressely noisier
OP; OL/ON/OF/max.-0.15 ml/l compared to btls | DO/RO +260 to +30/0-66db in 5 steps; 0O4/0-60db
OF/max.-0.12 ml/l compared to btls DO/03/1600-2650db
OB/ON/OF/max.+0.05 ml/l compared to bottom btlDO/RO -2/5282-5290db/btm, 03/5236-5290db/btm
after despik
690/01 | DI/-0.0230p 6db NA
ON/especially top 800db, then 1350db to bottom | DO/whole cast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.08 ml/l compared to btls | DO/RO +400 to +15/2-48db in 5 steps; O4/0-54db
OF/max.-0.18 ml/l compared to btls DO/03/1500-2500db
OF/max.+0.08 ml/l compared to btls DO/03/2800-4000db
ON/especially top 500db, then 1300db to bottom | DO/whole cast, as needed
progressiely noisier
691/01 | OP; OL/ON/OF/max.-0.06 ml/l compared to btls | DO/RO +280 to +25/2-38db in 5 steps; O4/0-38db
OL/ON/OF/max.+0.25 ml/l compared to btls DO/03/40-176db
OF/max.-0.25 ml/l compared to btls DO/03/1350-2750db
OF/max.-0.05 ml/l compared to btls DO/03/4236-4820db
692/01 | OP; OL/ON/OF/max.-0.23 ml/l compared to btls | DO/RO +620 to +30/2-90db in 9 steps; 04/0-90db

OF/max.+0.10 ml/l compared to btls
ON/progressiely noisier as approach bottom
OF/max.-0.25 ml/l compared to btls

OF/max.-0.14 ml/l compared to btls, despioes
not help

DO/03/114-240db
DO/1150-5094db/btm
DO/03/1182-2500db
DO/04/4886-5094db/btm




-16-

Cast Problem/Comment Solution/Action
693/01 | "Kink in cable about shea" when rosette at NA/no apparent &ct on data
surface: no strands out of place
DI/-0.023 top 6db NA
ON/especially top 1000db, then 1200db to bottom DO/whole cast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.12 ml/l compared to btls | DO/RO +820 to +60/2-46db in 10 steps; 04/0-46dh
ON/OF/max+0.20 ml/l compared to btls DO/03/48-280db
OF/max+0.20 ml/l compared to btls DO/03/1450-4000db
OF/max.-0.05 ml/l compared to btls DO/03/4250-4650db
694/01 | Kinkin cable unchanged NA/no apparent é&ct on data
DI/-0.017 top 10db NA
ON/especially top 750db, then 1000db to bottom | DO/whole cast, as needed
progressiely noisier, very noisy at bottom
OP; OL/ON/OF/max.-0.20 ml/l compared to btls | DO/RO +960 to +40/2-44db in 8 steps; O4/0-70db
ON/OFAery noisy fits to+0.20 ml/l compared to | DO/O3/1500-4206db/btm
btls
695/01 | OP/WS/1 min. at 10-14db, ctdoxy signal shifts; | DO/RO +740 to +100/2-52db in 8 steps; 04/0-90dh
OL/ON/OF/max.-0.20 ml/l compared to btls
ON/OF/fits to+0.15 ml/l compared to btls DO/03/1400-4222db
ON/progressiely noisier as approach bottom DO/1250-4866db/btm
696/01 | ON/especially top 700db, then 1250db to bottom | DO/wholecast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.22 ml/l compared to btls | DO/RO +580 to +30/0-48db in 7 steps; O4/0-50db
ON/OF/fits to+0.13 ml/l compared to btls DO/03/1450-3500db
OB RO +2/3878-4000db/btm
697/01 | ON/especially top 850db, then 1200db to bottom | DO/wholeast, as needed
progressiely noisier
OP; OL/ON/OF/max.-0.40+ ml/l compared to btls| DO/RO +600 to +60/2-52db in 8 steps; 04/0-96db
ON/OF/fits to+0.15 ml/l compared to btls DO/03/1386-4208db/btm
0os RO +4/4200-4206db
698/01 | Back to old ctdoxy sensor p@ning this cast M\/signal much impreed

ON/OS; OL/max.-0.05 ml/l compared to btl/nearb
cast, gen ater offset/despik

OB

y DO/0-700db; DO/® +50 to +80/0-50db in 3 steps,
03/0-50db

RO -2/4292-4300db/btm




-17-

Cast Problem/Comment Solution/Action
699/01 | OS DO/RO +20 to +90/0-32db in 4 steps, still noisy
after ofsets
700/01 | DI/-0.0160p 6db NA
ON/OS; OL/max.-0.15 ml/l compared to btls/nearbypO/0-700db; DO/® +20 to +160/2-66db in 5 steps
casts, een dter offset/despike 03/0-70db
OF/max.+0.10 ml/l compared to btls NA/120-410db, GD/10-15db, DU
OB RO -1/4354-4362db/btm
701/01 | ON/OS; OL/ON/rav ctdoxy low near suréce DO/0-700db; DO/® +20 to +60/0-44db in 3 steps,
OK after despik
702/01 | DI/-0.0180p 6db NA
ON DO/0-700db
OF/max.-0.10 ml/l from 4104db btl to nelaottom, | NA/4106-4246db, may be OK, ctdoxy fit looks the
compared to nearby ctd casts same een if bottom btl not used for fit
Bottom 2 levels rise 0.06 ml/l to meet up with btl, | 03/4248-4250db, probably caused by bottom stop
looks suspicious not seen on upcast
703/01 | DI/-0.01%op 6db NA
704/01 | ON/OL/jagged and noisy signal throughout aggf | O3/0-122db
area, upcast does not shany such ctdoxy structure
odd ctdoxy structure near bottom DO/4400-4468db/btm, OK - shape unaltered by
despiking, within 0.02 ml/I of btlalue
705/01 | OF/max+0.15 ml/l compared to btls NA/100-400db, GD/10-20db, DU
OF/-0.05 ml/l compared to trend of nearbyds 03/4540-4558db, no such feature on upcast
within same cast; not comparable to nearby casts
706/01 | OF/max+0.10 ml/l compared to nearest btls NA/0-80db, upcast ctdoxy has similar features
between btls
OF/max+0.20 ml/l compared to btls NA/80-380+db, GD/10-20db, DU
OB RO -1/4818-4832db/btm
OF/+0.03 ml/l compared to bottom btl, not 03/4814-4832db, probably caused by bottom
comparable to nearby casts slowdown, not seen on upcast
707/01 | DI/-0.0130p 6db NA

OF/OL/max.-0.20 ml/l compared to nearest btls

OF/max.+0.10 ml/l compared to btls

03/0-34db, no such feature on upcagi/36-56db,
upcast ctdoxy has similar feature

NA/50-410db, GS/10-20db, DU




Appendix D
WOCE95-14/I5W/17C: Bottle Quality Comments

Remarks for deleted samples, missing samples, Pl data comments,O®E ¥édes other than 2 fromQICE

14/I5W/17C KN-145.9. Investigation of data may include comparison of bottle salinity and oxygen data with CTD
data, reiew of data plots of the station profile and adjoining stations, and rereading of charts (i.e., nutrients).

Comments from the Sample Logs and the results of ©Di#stigations are included in this repottinits stated in
these comments aregtees Celsius for temperature, Practical Salinity Units for salamtyunless otherwise noted,
milliliters per liter for oxygen and micromoles per liter for Silicate, Nitrate, Nitrite, and Phosphaefirst number
before the comment is the cast number (CASTNO) times 100 plus the bottle number (BTLNBR).

Station 574

122

116
115
108-109
103
101-109

Station 575
130

122

105

102

101

Station 576
101
Station 577
110
101
Station 578
126
124
120

Sampldog: "Leaking from bottom end cap" (before agnt opened; O-ring out of greg). No
samples dnan.

Delta-Sat 1614db is -0.0046Autosal run ok. No notes-ootnote salinity questionable.
Delta-Sat 1715db is -0.0037Autosal run ok. No notes-ootnote salinity questionable.
Delta-3s approx. -0.0025Autosal run ok. No noteg-ootnote salinity questionable.

Delta-Sat 4151db is -0.0036Autosal run ok. No notes-ootnote salinity questionable.

Silicateshigher by "3uM than adjacent (703-706) stations; No corresponding feature in other

parameters. Peaksd calcs OK; footnote SIO3 questionable.

Sampldog: "Leaking from bottom afterenting - no O2 dman." Saltand nutrient samples look
ok. Oxygemmistalenly not dravn.

Sampldog: "Leak at bottom o-ring - no CO2 or O2Drew nutrient lut no water for salt or
oxygen. O-ringout. Replaced end cap and o-ring beforet isgation. PO4, NO3, SiO3 appear
low but inversion on CTD S & O2 this {&l. Next station has similar feature thissé Footnote
bottle leaking, salinity and oxygen not draand nutrients questionable.

Delta-Sat 4151db is -0.0034Salinity value lav compared to CTD and adjaceralwes. Botnote
salinity questionable.

Sampldog: "Small air lubble from MnCI2" O2 agrees well with CTIXY and adjacent stations
at 4767db

CTDProcessor: "ctdoxy max. +0.03 ml/l compared to bottle at bottdiootnote 4850-4994 db
CTDOXY questionable.

Delta-Sat 4792db is 0.0063Four Autosal runs to get agreemeiiootnote salinity bad.

Sampléog: "Leak in upper airent o-ring." Water samples look ok.
Nosamples per Nutrient data sheet.\Bmaok per Sample logApparent draving error

Sampléog: Bottom o-ring leak Water samples look ok.
Sampléog: "Top lid knocled on recweery." Water samples look ok.

CTDProcessor: "Bottle O2 +.10 (or more) high compared to dnCTD; feature is 70maginallo
than bottle on up, so bottle doetsmatch upcast CTD eithér No notes of ap analytical
problems; assume questionabkootnote O2 questionable.



Station 579
126

122

116

Station 580
Cast 1

105-130
104

101

101-103
Station 581
Cast 1

131

131-101
123
122

120

111

Station 582
121
118-119
116

105

Station 583
106

105
Station 584
104

101

Sampléog: "Bottom o-ring not seated Data are acceptable.
Sampléog: "Top o-ring not seated.Data are acceptable.
Delta-Sat 1210db is -0.0035Salt sample analysis ok, sample from minor gradient area.

Nutrient data sheet:"Bad sil mdlyDeep \alues about 2 uM/L l@. Corrected prior Station 582.
Footnote SiO3 bad on this station and station 581.

Se€ast 1 SiO3 comment, footnote SiO3 bad.

Sampldog: "Bottle did not close."No samples dran. Trip level also not confirmed by CTD
acquisition.

Delta-Sat 3501db is -0.0026Bottom five kottles a little lov compared to CTD salinity This
bottle is the only one thaikeeeds standarddNo notes and analysis appears OBn overlays
with station 579, &lues agreeFootnote salinity questionable.

Se€ast 1 SiO3 comment, footnote SiO3 bad.

Nutrient data sheet:"Bad sil mdlyDeepvalues about 2uM/L . Corrected prior to ne station.

CTD Processor: "ctdoxy max. -0.07 ml/l compared to bottle/nearby caBtathote 0-20 db
CTDOXY questionable.

Se€ast 1 SiO3 comment, footnote SiO3 bad.
Sampléog: "Dripping from bottom."Water samples look ok.

Sampldog: "Water flav from spigot before enting (air leak)." Water samples look okSalt
Log: Chipped neck on salt bottle.

Samplelog: "Top end cap codd during receery ~ 10s (or less){dripping at spigot before
venting}." (Top end cap knoad open briefly by tag line.$alt, nutrients, and oxygen look good.
CO2 also sampled.

Sampléog: "Dripping from bottom."Water samples look ok.

Sampléog: "BTLs 16, 18, 19, & 21 tripped for Alistair only(chloroph - no other sampling.
Sampléog: "BTLs 16, 18, 19, & 21 tripped for Alistair only (chloroph - no other sampling.
Sampléog: "BTLs 16, 18, 19, & 21 tripped for Alistair only (chloroph - no other sampling.
Sampléog: "Dripping @ bottom afteranting. Reseated.Water samples look ok.

Salt_og: Wrong suppressiorSamples ok.
Salt_og: Wrong suppressiorSamples ok.

CTD Processor: "ctdoxy max. -0.05 ml/l compared to bottle/nearby c&sbtnote 0-30 db
CTDOXY questionable.

Delta-Sat 97db is -0.026High delta-S, bt in area of steep salinity gradier8alinity value OK.



Station 585
119

Station 586
108
Station 587
129
126
122
109
Station 588
126
Station 589
126
125

122
Station 590
131

129-127

104

Station 591
133
133-132

Station 592
135-133

126
101-136

Station 593
130-101

122

CTD Processor: "Bottle O2 (and CTD fit) +.10 compared tg aearby cast.No analytical
problems noted; flag O2 questionab@TD Processor: "ctdoxy max. +0.10+ ml/l compared to
nearby cast."Footnote 0-4 db CTDRY questionable.

Sampléog: "Bottle lealed.” Water samples look ok.

Delta-Sat 54db is -0.0348In area of steep salinity gradient, salinigiue OK.
Sampléog: "Leak bottom end cap afteenting.” Water samples look ok.
Sampléog: "Leak bottom end cap afteenting.” Water samples look ok.
Sampléog: "Upper end cap not set, legkw/\ent opening."Water samples look ok.

Sampldog: "Bottom end cap not sealed, ledkw/ient opening”.Water samples look ok.

Delta-Sat 85db is -0.0273Salt analysis ok. Sample from gradient area.

Samplelog: "Dripping @ bottom" (after air ent opened?).Delta-S 0.016 high at 104db
Nutrient, 02 & salinity features correspond to CTD O & &iision. Looks ok.

Sampléog: "Spigot open beforeenting" (air leak?)Water samples look ok.

Sampléog: "Leaking from bottom afterenting, reseated, ok \Water samples look okOxygen:
"air bubble." LooksOK vs other parameters & adjacent stations.

CTDProcessor: "ctdoxy max. +0.15 ml/l compared to bottlé=dtnote 40-98 db CTDRY
questionable.

Delta-Sat 3030db is 0.0098Six Autosal runs to get agreement. Otheatev samples ok.
Probable salt crystal contaminatioRootnote salinity bad.

Sampléog:"Dripping out @ base" @ter samples look ok.

CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles/nearby cdstethote 8-56 db
CTDOXY questionable.

CTDProcessor: "ctdoxy -0.20 to +0.10 ml/l compared to bottles/nearby c&sstriote 8-70 db
CTDOXY questionable.

Sampléog: "Bottom leaking after seal openedilater samples look ok.

Deepheta-S plot of dan/up shavs upcast CTD data okkFootnote CTD salinity acceptable.
Bottle salinity \alues are >0.0025 Wwer than CTD salinity &lues on most of this cast. Bottle
values laver in \alue to adjacent stations also, especially in deeper bottles. No anatyss,
Autosal log looks OK. There may hee been some unkmm, systematic error in Autosal
readings. Botnote all salinities questionable.

CTDProcessor: "bottle salty@0.0015 lav compared to CTD cast & nearby staglag all salts
questionable - no analytical problems noted.

Sampldog: "Top o-ring not seateddlve lealed when opened.Nutrients and oxygen samples
look ok. See 130-101 salinity comment.



Station 594
133
132
119
113

Station 595
133

122

Station 596
134

133
130
126
103

Station 597
Cast 1l

132

131

128

126

122
120

118

112
108

106

Sampléog: "Dripping from bottom."Water samples look ok, near sack.
Sampléog: "Vent not closed tightly"Water samples look ok, in med layer
Sampléog: "O2 bottle 643 hasubbles." Bottlen2 agrees well with CTDXRY at 658db

Delta-Sat 1362db is -0.0226Autosal run ok. High gradient, CTD Tversion. Salinityis
acceptable.

Sampldog: "Leaking from bottom end cap afteenting, (profusely!)." \ter samples look ok
for surface sample.

Sampléog: "Flowed from spigot prior toenting." Water samples look okAverage gradient for
this level.

CTDProcessor: "ctdoxy max. -0.12 ml/l compared to bottles/nearby cdstethote 18-40 db
CTDOXY questionable.

Sampléog: "Drip after \enting at base plug.Water samples look ok for stce.

Delta-Sat 105db is -0.0281High delta-S, bt in a high salinity gradient. Salinityalue OK.
Sampléog: "Has a drip from bottom plug.Water samples look ok.

Delta-Ss -0.0022 at 3236dbSalinity a little lov compared to CTD alue and adjacent stations.
Footnote salinity questionable.

Multiple CTD conductrity dropouts during upcast. Bottle salinityagszcompared to CTD salinity
at trip time and appropriate codasvassigned to questionabdues.

CTDprocessor notes CTD signal dropout at trip tilkeotnote CTD salinity questionabléNo
CTDOKXY reported because CTD salinity coded questionable.

CTD Processor: "ctdoxy max. -0.05 ml/l compared to bottldsobdtnote 12-40 db CTDRY
questionable.

CTDprocessor notes CTD signal dropout at trip tilkeotnote CTD salinity questionabléNo
CTDOKXY reported because CTD salinity coded questionable.

Sampldog: "Bottom o-ring" High Delta-S at 129diutosal run ok. Other ater samples ok.
High gradient and irersion on CTD S.

Samplédog: "Leaks @ ent \alve" Water samples look ok.

CTDprocessor notes CTD signal dropout at trip tilkeotnote CTD salinity questionabléNo
CTDOKXY reported because CTD salinity coded questionable.

Sampldog: "Leaks @ ent \alve". Delta-S0.0039 high at 707dbBottle oxygen has normal
gradient agreeing with CTOXY but nutrients hee same \alue as 19, at \el above. Possibly
water sample ok it dupe drev on nutrients. Adjacent stations V& rormal gradient for nutrients
also. Fotnote nutrients questionable.

Sampléog: "Leaks thru spigot.'Water samples look ok.

Delta-Sat 2118db is 0.0029Autosal run OK.CTD processor nhotes CTD signal dropout at trip
time. Footnote CTD salinity questionabl®&lo CTDOXY reported because CTD salinity is coded
questionable.

Delta-Sat 2523db is 0.0056Four Autosal runs to get agreemer@areful eamination shas
CTD signal OK at trip time Footnote bottle salinity questionable.



Station 598
134
133
107

Station 599
131
122
116

115
106

Station 600
131
130-128

114

114-108

110
103

Station 601
128-127

122
112

Station 602
126
124-123

Station 603
124-122

117

Sampléog: "Top o-ring not set."Water samples look ok.
Sampléog: "Leaks {through} bottom cap.Water samples look ok.

CTD processor notes CTD signal dropout at trip tinkeotnote CTD salinity questionable.
CTDO not reported because CTD salinity coded questionable.

Delta-Sat 30db is -0.0268Salt analysis ok Surface salt gradient.

Sampléog: "Flow before \enting." Delta-3.005 high at 508di©ther samples also ok.
Delta-Sat 1109db is -0.0153Same walue as 17, alwve, but CTD has high gradient & wersion
this level with 116 salinity ery similar to 117 teel value. Autosalun ok. Other \ater samples
ok. Salinityis acceptable.

Delta-Sat 1209db is 0.0041Salt analysis ok CTS indicates slight gradients at this depth.
Samplelog: "Flow before \enting”. Delta-Sat 2210db is 0.0219Five Autosal runs to get

agreement. Other samples ok at 221@bbably salt crystal contaminatiorizootnote salinity
bad, other parameters OK.

Sampléog: "Tripped before susice.” Used bottle 32 for sade. Nosamples from bottle 31.
CTDProcessor: "ctdoxy -0.10 to +0.15 ml/l compared to bottles/nearby casts; upcasbutoisy
seems to rise through this area alsdbtnote 24-68 db CTDRY questionable.

Oxygenappears lov vs CTDOXY and adjacent stations; no noteSee 114-108 PO4 comment.
Footnote O2 and PO4 questionable.

PO4ppears up to 0.08 uM/L high compared to adjacent stations and p:n ploes &pik09 &
116 chart peaks, otherwise peaks look ok. Analyst sayssspikre air bbbles that were pinched
out in the normal ay. No reagent changes ptieus cast. PO4alues appear a little high from 108
to near bottom it bottom sample back to normal compared to adjacent station andlpes.v
Footnote PO4 questionable.

Delta-.0026 high at 1507dButosal run ok.High CTD S gradient & imersion this leel.

CTD Processor: "ctdoxy max. +0.03 ml/l compared to bottle/upcast/nearby cé&sstriote
2906-2936 db CTDRY questionable.

CTDProcessor: "ctdoxy max. +0.12 ml/l compared to bottlé=dtnote 36-82 db CTDRY
questionable.

Saltsample mistadnly not dravn.

Delta-Sat 1160db is 0.0059Salt sample ok.Sample from area of minor gradientSimilar
structure in surrounding nearshore stations.

Sampléog: Bottle leaks.Surface vater samples look ok.

CTDProcessor: "ctdoxy max. +0.12 ml/l compared to bottlé=dtnote 30-84 db CTDRY
questionable.

CTDProcessor: "ctdoxy max. +0.12 ml/l compared to bottle/nearby cdstethote 50-108 db
CTDOXY questionable.

Oxygendata sheet shes 2 titrations for this sampleAdding both together gées good \alue,
matching CTDXY and adjacent station€xygen is acceptable after adjustment.



116-118
108

Station 604
125-124

Station 605
122-121

Station 606
118-117

114
Station 608
112-111

103

Station 609
111
Station 610
105
Station 612
104
Station 615
104

Station 616
127-126

116

Station 617

124

Station 618

127

118

Nutrientlata sheet: "No sample'ybOk per Sample logAssume sampling error
Sampléog: Top end cap problemWater samples look ok.

CTDProcessor: "ctdoxy max. -0.05 ml/l compared to bottles/nearby cdstethote 4-28 db
CTDOXY questionable.

CTDProcessor: "ctdoxy max. +0.15 ml/l compared to bottles/nearby cdsisthote 34-76 db
CTDOXY questionable.

CTDProcessor: "sugice ctdoxy looks ok after despibffset (surbice ravoxy values 15% higher
than normal, rapidly dropping signal)ytbhuge changever large area - so coded 3Footnote
0-52 db CTDXY questionable.

Delta-Sat 103db is -0.0315. In steep salinity gradient, saliratyer OK.

CTDProcessor: "ctdoxy max. +0.10 ml/l compared to bottles/upcast/nearby cbetdriote
14-50 db CTDQY questionable.

Oxygenmax here corresponds to nutrient minimurat btill higher than CTDRY trace; no
adjacent comparable stations, so code questionable. No analytical prol@&msProcessor:
"ctdoxy max. +0.20 ml/l compared to bottle, not comparable to nearby ¢axigiote 370-450
db CTDOXY and bottle O2 questionable.

Sampléog: "Leaked from bottom afterenting, reseated.Water samples look good at sack.

Sampléog: "Drip from bottom o-ring."Water samples look good at sack.

Sampléog: Tag line hookd on no apparent openinbligh gradient, \ater samples look ok.

Oxygerdata sheet: "Dosimat continued titrating passed end point. Haaver péto gop." O2
sample lost.

CTDProcessor: "ctdoxy max. +0.15 ml/l compared to bottle/nearby castethote 32-68 db
CTDOXY questionable.

Oxygenlooks lov vs ajacent stations and nutrients and CTDO; no notésotnote O2
questionable.

CTDProcessor: "Bottle O2 -0.04 to -0.10 compared to nearest 4 castgestudttles; dnCTD
matches because itaw fit to this bottle."124 Oxy only -.01 ditrent from 123 which should be
similar; no analytical notes - assume OK fowno

Oxygen:"jagged ep." Looks OK vs other parameters & adjacent statioRsotnote bottle
oxygen ok.

Sampléog: "Top o-ring not sealed.Water samples look ok.
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CTDProcessor: "bottle-dnCTD diis (O2 and S) OK; den/up quite diferent/no code."

Delta-Sat 1711db is 0.0045Salt data sheet: "salt crystSix Autosal runs to get agreement.
Other vater samples okFootnote salinity bad.

Delta-Sat 2511db is 0.0069Three Autosal runs to get agreement. No notes. Otladerw
samples ok. Samealue as bottle 2 at Vel below. Possible dupe dwm Footnote salinity
questionable.

Sampléog: "Dripping @ bottom o-ring afteranting.” Water samples look ok, in rmer layer
Oxygen''zig-zag ep."Looks high vs station 618 & CTD trac&ootnote O2 questionable.

Sampléog: "O-ring drip @ base.Water samples look OK at saide.

Samplelog: "O2 hibble during pickling." Bottle oxygen 0.4 ml/l i compared to deon
CTDOKXY trace lut up CTDXXY shows a 0.4 ml/l lav, 10db deep spi & this level. Also CTD
S wp only feature this eel. O2is acceptableCTDO looks high, see CTD Processor comments.

CTDProcessor: "bottle-dnCTD diis (O2 and S) OK: den/up quite diferent/no code.Bottle
127/132db looks especiallyip but large O2/S feature on upCTD and bottle - so OK."

Sampléog: "Dripping @ base, after openingWater samples look ok.

PO4appears 0.03 uM/L to 0.05 uM/L high compared to adjacent stations & n:pBlibble
spike between samples 113 and 112 on AA ché&idotnote PO4 questionable.

Sampléog: "Leak @ bottom o-ring.'Water samples ok at sarte.

CTDProcessor: "lage ctdoxy signal drop this area; imped after offset/despik, tut ctdoxy still
seems odd; noisy sighalFootnote 0-58 db CTDRY questionable.

Sampldog: "May have tripped early based on tempDelta-S at 210db is -0.7901All water
samples appear to be from around 3000&intnote bottle did not trip correctlgil samples bad.

CTDProcessor: "ctdoxy (+-0.10 to 0.30 ml/l compared to bottles, (+-0.10 ml/l compared to
nearby casts; dm-up ctdoxy generally resemble each otteed stas 620-623 similar near
surface; lut ctdoxy \ery noisy hard to identify true signal here Footnote 0-148 db CTDRY
questionable.

Sampléog: "Leaks from the Bottom"Water samples look ok, in med layer

Samplédog: "Lower end cap leak afteenting, sealed with a twist.Delta-S at 1259db is 0.0067.
High gradient. Autosal run okOther water samples ok, oxygen minimum matches CTC3alt
consistent with u/c TS.

Delta-Sat 3600db is 0.0026Autosal run ok. TS not consisterfootnote salinity questionable.

CTD cond ofset on d/c, filtered and calibrate®ffset continues u/c, CTD cond tripalues
uncalibrated.

Sampléog: "Leak @ bottom afteranting.” Water samples look ok, in med layer

CTDProcessor: "ctdoxy max. -0.05 to +0.25 ml/l compared to bottlEsdtnote 0-218 db
CTDOXY questionable.

Bottleoxygen similar to stations 630-638tkthigher by 0.10-0.20ml/L than stations 626-629 and
634-637; no analytical problems foundtldifferences seem to be related to analyst and time of
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day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othaeses.
Sampléog: "Drip from bottom o-ring afterenting." Water samples look ok, in mex layer

Sampldog: "Spigot pushed in.'Delta-S 0.002 high at 3592dAutosal run ok.Somevhat of a
gradient at bottom. All ater samples look ok.

CTD processor notes multiple spikin conductity during upcast. Condueity signal despikd
at appropriate iels.

Sampldog: "Leaking from bottom o-ring afteremting - ran out after tritum." No nutrients,
salinity or barium.Oxygen looks good at sade. Botnote bottle leaking.

Bottleoxygen similar to station 624ub higher by 0.10-0.20ml/L than stations 626-629; no
analytical problems found,ub seems to be related to analyst and time of day samples were
collected. From an analytical standpoint looks OHt, tmay need further comparison with other
gases.

CTDsalinity value OK after despiking, footnote CTS degpik
CTDsalinity value OK after despiking, footnote CTS degpik

Sampldog: "Tripped in motion “1600." Sampled O2, nutrients, salinity and bariDeita-S
0.003 lav at 1609db High gradient. O2 agrees well with CTB® at oxygen minimum.

CTDProcessor: "ctdoxy max. (+-0.03 ml/if at bottom 3 bottles (upcast).Footnote 3100-3572
db CTDOXY questionable.

Delta-S0.009 high at 3571dAutosal run OK.CTD S hook at bottom. Bottle salt agrees well
with other bottle salts on-$ cune. Numerousl/c & u/c cond dkets, d/c \as filtered. Footnote
CTD salinity bad.CTD salinity \alue OK after despiking, footnote CTS desgpik

Delta-S0.03365 at 3db CTS spiles near suafce. Autosakun ok. Bottle salt matches other
mixed layer salts and adjacent stations better than CTE®tnote CTD salinity bad.No
CTDOKXY reported because CTD salinity coded bad.

Bottleoxygen similar to stations 627-628tdower by 0.10-0.20ml/L than stations 624-625 and
630-633; no analytical problems foundtlseems to be related to analyst and time of day samples
were collected. From an analytical standpoint looks QK,nbay need further comparison with
other @ses.

CTDProcessor: "ctdoxy -0.06 to -0.30 ml/l compared to upcast/bottles/nearby eagtapisy
signal, dificult to decipher true shapeFootnote 0-76 db CTDRY questionable.

Sampléog: "Bottle 34 a replicate in case bottle 33 ek
Sampléog: Leak from bottom Water samples look ok.
Sampléog: Leak from bottom High gradient & iwversion. Water samples look ok.

Sampléog: Top valve gpen, leak from bottomWater samples look ok, in méxi layer

Bottleoxygen similar to adjacent stationgttbower by 0.10-0.20ml/L than stations 624-625 and
630-633; no analytical problems foundtiseems to be related to analyst and time of day samples
were collected. From an analytical standpoint looks QK,nbay need further comparison with
other @ses.

Sampldog: "Bottom end cap not seated- ledkon enting.” Water samples look ok.

Delta-Sat 1665db is -0.005Autosal run ok.High gradient and irersion.
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Sampléog: "Vent open?"All samples look ok for suakce.

Bottleoxygen similar to adjacent stationgttbower by 0.10-0.20ml/L than stations 624-625 and
630-633; no analytical problems foundtiseems to be related to analyst and time of day samples
were collected. From an analytical standpoint looks QK,nbay need further comparison with
other @ses.

CTDProcessor: "ctdoxy/bottom bottle look high compared to nearby cd&3isthote 2370-2372
db CTDOXY questionable.

Bottleoxygen similar to stations 626-628tdower by 0.10-0.20ml/L than stations 624-625 and
630-633; no analytical problems foundtiseems to be related to analyst and time of day samples
were collected. From an analytical standpoint looks QK,nbay need further comparison with
other @ses.

Bottleoxygen similar to stations 631-638tthigher by 0.10-0.20ml/L than stations 626-629 and
634-637; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othaeses.

Bottleoxygen similar to stations 630, 632-63# higher by 0.10-0.20ml/L than stations 626-629

and 634-637; no analytical problems found 8ifferences seem to be related to analyst and time

of day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with otheses.

Sampldog: "Air leak, reseated top cap, okWater samples look ok at sade.

Bottleoxygen similar to adjacent stationstihigher by 0.10-0.20ml/L than stations 626-629 and
634-637; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othaeses.

Sampléog: "Dripping from bottom afterenting.” Water samples look ok.

Bottleoxygen similar to stations 630-63Rtkthigher by 0.10-0.20ml/L than stations 626-629 and
634-637; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othases.

Sampléog: Air leak, reseated top end cap, OWater samples look ok.
Sampléog: Drips after O2 dran. Autosalrun ok. Water samples look ok.

F1s high compared to adjacent statioMax no3 0.8uM/L laver than adjacent stationddax

po4 0.06uM/L laver than adjacent stationddax sil 4.0uM/L higher than subsequent stations.
Assume standard preparation errdsed Fl1s from stations before and after which wemy v
consistent. N& no3 values match adjacent stationdew po4 values match adjacent stations.
Previous stations did not reach max, still in high gradient so no comparison. In area of high
silicate and oxygen change so highalues probably goodNew sil values 5.0uM/L higher than
subsequent station®lutrients are acceptable after corrections.
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Oxygensimilar to stations 635-637ub lower by 0.10-0.20ml/L than stations 630-633 and
638-639; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othases.

CTDProcessor: "Bottle O2 +0.05 compared to dnCTD; dnCTD matches nearby otatsttle
OK: matches upCTD feature.Oxygen 0.10 higher than adjacent stas 633 & 635; 0.05 higher
than adjacent sta 636; assume @Ri& questionable.

CTD Processor: "ctdoxy max. +-0.20 ml/l compared to bottles/nearby casts, too noisy to
accurately determine true signalFootnote 0-120 db CTDXY questionable.Bottle oxygens
similar to adjacent stationaublower by 0.10-0.20ml/L than stations 630-633 and 638-639; no
analytical problems foundub differences seem to be related to analyst and time of day samples
were collected. Could be a coincidence since from an analytical standpoint looksitQHayb

need further comparison with othexsgs.

Sampléog: "Leak from bottom end cap - &d." Water samples look ok.
Sampléog: "Leak from top end cap - #xl." Water samples look ok.

Sampldog: "Leak from top end cap - Bxl." Water samples look okOxygen max agrees with
CTDO.

Salinitysample mistaénly not dravn.
Sampléog: "Leak from bottom end cap - &d." Water samples look ok.

Bottleoxygens similar to adjacent stationg bower by 0.10-0.20ml/L than stations 630-633 and
638-639; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othaeses.

CTD Processor: "Bottle O2 +.10 compared to dnCTD: probably flask typo (use Automated
checking did not wrk on this lgel. Sample log sheet indicated thissvflask 868. Hoever, 868
was ot used at antime during this epedition. Correct oxygen wadata file.

Delta-Sat 2115db is 0.0223Autosal run ok. Other ater samples ok. Samalue as 103 at Vel
belon. Probable dupe drm Footnote salinity bad.

CTDProcessor: "ctdoxy max. -0.10 to -0.40 ml/l compared to bottle/nearby casts; too noisy to
accurately determine true signal; ugry different, no such drops.Footnote 0-58 db CTDRY
questionable. Bottleoxygens similar to stations 634-63@tblower by 0.10-0.20ml/L than
stations 630-633 and 638-639; no analytical problems fouhdifferences seem to be related to
analyst and time of day samples were collected. Could be a coincidence since from an analytical
standpoint looks OK, i may need further comparison with othases.

Delta-Sat 3009db is 0.0059Six Autosal runs to get agreement. Second accepted 2CR 0.00003
higher than first.Probable salt crystal contaminatiomversion at this leel in both davn & up
CTDS trace.Bottle salt fits gradient well if no wersion. Featureon CTD T trace this ledl.
Footnote salinity questionable.
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CTDProcessor: "ctdoxy max. -0.10 ml/l compared to bottles/cast 2 - matches statG3wgloe

bottle oxygen jumps +0.10 ml/l between stas 637-63&dotnote 0-66 db CTDRY
questionable. Bottleoxygens similar to stations 630-638itbhigher by 0.10-0.20ml/L than
stations 634-637 and 640-641; no analytical problems fouhdifferences seem to be related to
analyst and time of day samples were collected. Could be a coincidence since from an analytical
standpoint looks OK, Wt may need further comparison with othases.

Sampldog: "Tripped in motion."Water samples look okDown CTD T difers fromup CTD T
Sampléog: "Leak from bottom afteranting, reseated, ok Water samples look ok.

PO4ppear 0.005 uM/L to 0.010 uM/L high compared to adjacent stations andlugs.vAir
bubble spiles on peak 6 and between 3 &Reaks 15 and 2 bothveimperfect shapesub no
spikes. Lookdike same problem as Stations 600 & 6Z8ootnote PO4 questionable.

Bottle salinity a little lav compared to CTD salinity and may bewvl@ompared to adjacent
stations. Botnote salinity questionable.

O2Over titrated, 1 ml KIO3 not enough, added 3 additional mls aftertivate option and
retitrated. Result appears 0.05 ml/wlat 4836db compared to CTDXY and adjacent stations.
Footnote O2 badCTD Processor: "ctdoxy max. +0.04 ml/l at bottom compared to nearby deeper
casts." Botnote 4650-4836 db CTD{ questionable.

CTDProcessor: "ctdoxy max. -0.10 ml/l compared to bottles/nearby casts; too noisy to accurately
determine true signal; uwen noisier, no help." Footnote 0-66 db CTDXY questionable.

Bottleoxygen similar to stations 630-638tkhigher by 0.10-0.20ml/L than stations 634-637 and
640-641; no analytical problems foundtldifferences seem to be related to analyst and time of
day samples were collected. Could be a coincidence since from an analytical standpoint looks
OK, but may need further comparison with othases.

Salinitydata sheet: "Salt bottle 25 emptyOK per sample log, assume sampling error
Sampléog: Slight air leak, fird. Water samples look ok.
Sampléog: Slight air leak.Water samples look okDown CTD T&S differ from up.

Delta-Sat 4107db is 0.0036Four Autosal runs to get agreement. Second accepted 2CR 0.00001
lower than first so possibly not salt crystal. Smooth CTD tra€d$ TS is consistent, no major
gradient, no analytical problems notdebotnote salinity questionable.

Salinitya little low compared to CTD salinity and may bevl@ompared to adjacent stations.
Footnote salinity questionable.

Delta-Sat 3db is 0.0838 Autosal run ok.Heary rain during station. High swa€e gradient on
CTD S.

Sampléog: "Very slav drip." Water samples look ok.
Sampldog: "Bottom o-ring leak."Water samples look ok.
Sampléog: "Leaking steady Water samples look ok.

Sampldog: "Top o-ring not sealed.Nutrient and salt samples oBottle oxygen appears 0.02
ml/L high compared to adjacent stations and CTD{@raflon ok, no other notesBottle and
oxygen seem acceptable.

O2Appears 0.02 high at 4667dHhtration ok. No notesSmooth CTDXY gradient. Samealue
as 103 bela. Possible dupe dm Footnote O2 questionable.
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Station 641

129 CTDProcessor: "Bottle O2 -0.15 to -0.20 compared to dn/upCTD, nearby casd-thop at
up bottle stop ist’ even enough to pull CTD trace near this bottleAgreed; Flag O2
questionable.

118 Sampléog: "Top o-ring not sealed" Air leakWater samples look ok.

116 Delta-Sat 2223db is -0.0032Salt analysis ok.Sample from gradient are@®verlays well with
Sta. 632/633.

108 Bottlesalinity a little lav compared to CTD salinity and to bottlalves at adjacent stations.
Footnote salinity questionable.

103 O2appears 0.015 high at 4760dteveasing 101 and 103 oxygenowld give good smooth trace

based on CTDRY and adjacent stations. No notes or titration proble@ther vater samples
have rormal gradient.Footnote O2 questionable.

101 O2appears 0.02 ml/L i@ at 5186db Revesing 101 and 103 oxygenowld give good smooth
trace based on CTDXY and adjacent stations. No notes or titration probleBisttle Salinity a
little low compared to CTD salinity and to bottlaluves at adjacent stations. Other deep bottle
values look similarly lav but within WOCE standardsFootnote salinity and O2 questionable.

Station 642

133 Oxygen:"jagged ep, OK." Slightly high vs CTD trace & adjacent stationfootnote O2
questionable.

128 Sampléog: "Vent already open.Water samples look ok.

125 Sampléog: "Dripping." Water samples look ok.

124 Sampléog: "Air leak." Water samples look ok.

122 Sampléog: "Air leak." Water samples look ok.

118 Sampléog: "Air leak, reseated, ok.Water samples look ok.

116 Sampléog: "Dripping from bottom."Water samples look ok.

115 Sampléog: "Dripping from bottom."Water samples look ok.

110 Sampléog: "Dripping from bottom."Water samples look ok.

Station 643

136-133 CTDProcessor: "ctdoxy max. -0.13 ml/l compared to bottles/nearby casts, espec. top 36db; too

noisy to accurately determine true signal; generally resembles upcast/nearby Eestisote
0-88 db CTDXY questionable.

136-135 Sampldog: "O2 PR started malfunctioning” Dra temps within 0.5 dg of expected temps
based on adjacent statiorBRT repaired prior ne station. Oxygen is acceptable.

129 Sampléog: Air leak, reseated top end cap, OWater samples look ok.

123 Delta-Sat 711db is -0.0101Autosal run ok. Other ater samples ok. CTD dm trace has
normal gradient.CTD salinity is acceptable.

120 Delta-Sat 1063db is 0.0045Salt analysis ok. Sample from gradient ar€erlays well with
Sta. 641/642.

118 Sampléog: "Flow before \enting, air leak?"Water samples look ok.

115 Delta-Sat 2024db is -0.0031Salt analysis ok. Sample from gradient ar&uwerlays well with
Sta. 641/642.

114 Delta-Sat 2226db is -0.0026Salt analysis ok. Sample from gradient ar&uwerlays well with

Sta. 641/642 Oxygen: "stir libble ?." Looks OK vs other parameters & adjacent stations.
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109 Sampldog: "Did not close @ base, 'hung up’Bottom end cap larard apparently hung up on
bottle 8 laver hose clamp. Closed on deck before attempting to samplsamples.

108 Delta-Sat 3430db is -0.0026Bottle salinity looks a little kv compared to CTD and adjacent
stations. Botnote Salinity questionable.

106 CTDProcessor: "ctdoxy max. -0.03 ml/l compared to bottles/nearby cé&sisthote 3762-4618
db CTDOXY questionable.

105 Sampléog: "Did not trip." No confirm. No samplesSee 106 CTD oxygen comment.

104 Seel06 CTD oxygen commenBottle O2 looks fine vs adjacent station 642; (Battle salinity

looks a little lav compared to CTD and adjacent statiof®otnote CTD oxygen and bottle
salinity questionable.

101 CTDProcessor: "ctdoxy max. +0.04 ml/l at bottom compared to bottles/nearby deatsnbte
5158-5202 db CTDRY questionable.

Station 644

136 CTDProcessor: "Bottle O2 matches well with nearby casts, dnCTD-O2 drops -0.07aae surf

(but not upcast).Drop on dnCTD density at sade, not seen on ugsta 645 hasven larger

surface drop at suate on dnCTD.644 surhce OK?" Bottle O2 looks OK; acceptableCTD

Processor: "ctdoxy shifts/-0.06 to -0.10 ml/l compared to bottles/nearby cBetdriote 0-42 db
CTDOXY questionable.

133 CTDProcessor: "bottle-dnCTD diis (O2 and S) OK: den/up quite diferent/no code."Bottle
02 looks OK; acceptable.

110 Sampléog: "Top end cap o-ring leakl" Air leak? Water samples look ok.

108 O2appears 0.03 ml/L high at 3750dBTDOXY trace and other ater samples ka snooth
gradient. Ttration ok, no notesFootnote O2 questionable.

Station 645

136 CTD Processor: "Bottle O2 -.28 to -.30 compared to nearest 4 casts: OK, S/densityvelso ha

weird drop “top 22db, dn only and not up. Up density higher acfs dn, it S/O2 on dn/up
match at sudce (just not ng 22db)." No analytical problems noted; Wwever looks way low so
flag questionableAfter further irvestigation by CTD processors, itag decided to lea & OK.

130-132 CTDProcessor: "bottle-dnCTD difs (O2 and S) OK: den/up quite diferent/no code."Bottle
O2s look reasonable vs theta & adjacent stations.

126 Sampléog: "vent may hee been open."Water samples look ok.

119 Saltnot from this cast (salt log)rootnote salinity bad.

103 Saltnot from this cast (salt log)rootnote salinity bad.

Station 646

132 Sampléog: "Dripping slavly from bottom." Water samples look ok.

126 Sampléog: "Vent not closed."Water samples look ok.

118 Sampléog: "Air leak @ top, not reseatedWater samples look ok.

113-116 Delta-$s greater than0.0025. Bottle salinity a little l8 compared to CTD alues and adjacent
stations. Autosal run looks OKobtnote salinity questionable.

107-110 Delta-3s greater than -0.0025. Bottle salinity a littlevloompared to CTD alue ut compared

to adjacent stations looks OKAutosal run looks OK.Footnote salinity questionable.
105 Sampléog: "Leak @ bottom end capWater samples look ok.
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Sampléog: "Dripping from bottom" after airant opened Water samples look ok.
Sampléog: "Dripping from bottom" after airant opened Water samples look ok.
Sampléog: "Air leak in top - mostly reseatedWater samples look ok.

Salinitylooks about 0.0022 W@ compared to CTD salinity Station 648 looks similar Deep

bottles on stations 647 and 648 lool levhen compared to adjacent statiof®otnote salinity

questionable.

Sampldog: Kimwipe wi/silicon dropped in bottle before cagtirst freon from this bottle on
Station 652.

CTDProcessor: "Bottle O2 +0.02 compared to dnCTD/nearby casts CTDs and bottles. Most salts
were deleted in this area alreadyis problem is independent of an apparent + drift in deeper
CTD signal." These bottle O2s higher vs other parameters as well; No analytical problems noted;
flag O2 questionable.

Salinitylooks about 0.0025 W compared to CTD salinity Station 648 looks similarDeep
bottles on stations 647 and 648 may be lwhen compared to adjacent statiorf3ootnote
salinity questionable.

Sampléog: Drip at baseWater samples look ok.
Sampléog: Drip at baseWater samples look ok.
Sampléog: Air leak @ top capWater samples look ok.
Sampléog: Air leak @ top, fied. Water samples look ok.
Samplédog: Air leak @ top capWater samples look ok.

Salinitylooks 0.0036 ler compared to CTD salinityStation 647 looks similarDeep bottles on
stations 647 and 648 may bewlovhen compared to adjacent stationSootnote salinity
questionable.

Sampléog: Kimwipe wi/silicon grease dropped in this bottle between casts 646 & 647.

Delta-Sat 4154db is -0.0032Compared to adjacent stations may be a litihe Footnote salinity
questionable.

Propertieindicate leak. No notes from sample |dDelta-S at 4359db is -0.041%amples from
about 2000db Footnote bottle leaking and samples bdoklta-S is -0.042 and compared to
adjacent stations is clearlyfof

Salinitylooks about 0.0022 W@ compared to CTD salinity Station 647 looks similar Deep
bottles on stations 647 and 648 may be& lehen compared to other stations in this area.
Footnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.05 ml/l compared to bottlelptes cast; despédd lov ctdoxy at
start." Footnote 0-20 db CTDRY questionable.

O2appears 0.2 ml/L high at 67dbitration ok. All other samples and CTDC' down & up
indicate vater well mived at this leel. Footnote O2 questionable.

Sampléog: Top end cap not sealetligh gradient. Vdter samples look ok.

CTDProcessor: "Bottle O2 +0.05 compared to dnCTiR,lboks OK vs up and on theta-O2 plot
with dnCTD." Also looks OK vs Stn 648.
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Strangeolor after acid added & stirred. End point no good. Apparently not enough acid added,
possibly 2 ml Nal-NaOH added in err@milar problem on Station 651, samples 114 thru 131.
Footnote oxygen lost.CTD Processor: "ctdoxy max. -0.05 ml/l compared to nearby casts, no
bottle oxygen here; des@#l lov ctdoxy at start."Footnote 0-16 db CTDRY questionable.

"Nosample" per Nutrient data sheet. No note on sample log. Assume sampling error

CTDoxy vs bottle oxy dierence is about 0.10 ml/l.alte close to bottle 20alue; could be
double drav on 20. Footnote O2 questionable.

Sampldog: "Sample temp too arm, late closure?All nuts very lown. Possible post-tripDelta-
S, 02 and nuts are consistent with sample from 800-900@kk. Analyst noted sample loek
shallaver. O2 looks good at intended depth 2723db as well as 900db where @itegrsamples
appear to be fromAssume all vater samples came from wrong depfwootnote bottle did not
trip correctly dl samples bad.

CTD Processor: "Bottle O2 +0.02-3 compared to dnCTD/nearby casts - currently not coded.
Compares with Stn 652 tvever; acceptable.

Delta-S0.0023 high at 4140dbAutosal run ok. CTD Processor: "Bottle O2 compares well
w/dnCTD and nearby castsO2 looks OK - code it '2".Footnote salinity questionable.

O2appears 0.03 ml/L @ compared to CTD®Y but matches adjacent stationstrdtion ok.
Nutrients look ok.If 102 oxy ok then 101 oxy appears 0.03 ml/L hidghtration ok. CTDXY

smooth at bottom. CTD emp water changing between stations at bottoRootnote O2
questionable. CT[Processor: "Bottle O2 +.04 compared to dnCTD/nearby casts.

CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles/nearby dasténote 24-48 db
CTDOXY questionable.

Require@ ml H2S04 to dissolk precipitate. May hee been pickled with 2 ml Nal-NaOH. 02
sampler recalls some problem with pickling this statioh fiot sure what happened. Samples
requiring 2ml H2SO4 had precipitatevék about twice as high at other samples after same
settling time. On station 666 dwe duplicate samples on bottle 16. Pickled one with 2ml Nal-
NaOH. Same symptoms as 114-131 this statibootnote O2 questionableCTD Processor:
"Bottle O2 all coded 3, used for fit yamays: worked better than using nearby castalues for
these pressuresinCTD seems towerlay well w/nearby casts at these pressuréstks OK vs
CTDO; change to code '2'.

Othedeep silicates appear 1.5 to 2.0 uM/L high compared adjacent stations. F1(end) obtained
from one good peak and one usallé oor peak is higher than F1deand F1s from adjacent
stations so using adjacent F1suld give even higher silicates.Sil temp went up fro 24.4 to 26.5
deg C during run. Footnote SiO3 questionable.

PO4appears 0.04 high at 4340db(bottom sample) compared to adjacent stations and n:p plot.
Peak ok. Footnote PO4 questionableCTD Processor: "ctdoxy max. +0.03 ml/l compared to
bottom bottle/nearby castsFootnote 4200-4340 db CTDCXY questionable.

Nutrientlata sheet:"Sil peaks from Sample 1 - SWs look bad -asrlveing suad in through
SnCI2 line. The feel in the reserwir was lav enough that the dvatube drev air during big ship
rolls." Footnote SiO3 questionable.

CTDProcessor: "high va ctdoxy at surfice, &tensive despiking; noisy signal, uncertain of true
shape through this area; may be okvRAosameshape as upcast andedays well with nearby
casts." Botnote 0-64 db CTDXRY questionable.
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127 Sampléog: "Dripping from bottom."Water samples look ok.

126 Sampléog: "Leaking from bottom end cap afteznting, reseated, ok Water samples look ok.

124 Sampléog: "Dripping from bottom."Water samples look ok.

Station 653

124 Sampléog: "Air leak" reseated top cap, okVater samples look ok.

Station 654

123 CTD Processor: "ctdoxy max. -0.20 ml/l compared to nearby casts (no bottle); not seen on
upcast." IBotnote 34-56 db CTDXY questionable.

122 Sampléog: "Dripping from bottom afterenting, reseated, ok \Water samples look ok.

118 Samplédog: "Air leak, reseated top cap, OKWater samples look ok.

114 Sampléog: "Dripping from bottom afterenting.” Water samples look ok.

110 Sampléog: "Dripping from bottom afterenting.” Water samples look ok.

108 Delta-9.0034 high at 1011dButosal run ok. Other ater samples ok. Normal CTD S gradient.

107 Delta-Sat 1110db is 0.007Autosal run ok. Other ater samples ok. Normal CTD S gradient,
CTD T bump.

Station 655

122 CTDProcessor: "Bottle O2 -0.02 compared to acefbottles on 4 nearby stas (2 before/2 after).

dnCTD matches because itasv fit to this bottle." Bottle Oxygens on these stas
(653,654,655,656,657) correlate with nutrients, assume OK.

121 Sampléog: Bottom leak (afterented), reseated, okVater samples look ok, in mexi layer
Station 658

117 Nutrientdata sheet:"No sample" Nutrient drak per Sample log. Assume dviang error

101 Sampléog:"Bottle No 1 vas not closed"?? 02, CO2, nutrients & salt were sampléchaddfreon.

Assume leak.Delta-S 0.0025 high at 960dBther water samples look okHigh gradient then
hook at bottom on CTD T&S. Autosal run ok.

Station 660

124 Sampléog: "Dripping at bottom afteranting.” Water samples look ok, in e layer

121 Sampléog: "Dripping at bottom afteranting.” Water samples look ok, in me® layer

112 Delta-Sat 506db is 0.012Salt analysis okSample from gradient area.

106 Oxygen:"BAD STIR Bubbles." High vs other parameters and CTD tradéootnote O2
questionable.

Station 662

110 Sampléog: "Air leak, \ent closed tightly Water samples look ok.

105 Oxygerdata sheet:"accidentally abort when HEttoard.” Oxygervalue lost.

Station 663

122 Sampléog: "Leak @ top cap.'Water samples look ok.

Station 664

129 Delta-S0.008 high at 66dkFour Autosal runs to get agreement. CTD and othetewsamples
indicate surdice well mixed to 100db Possible salt crystal contaminatiorzootnote salinity
guestionable.

124 Sampldog: "Slow leak from bottom cap beforenting & top after enting.” Water samples look

ok.
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Sampléog: "Bottom leak after enting." Water samples look ok.

CTDProcessor: "Bottle O2 +0.08 compared to dnCTD, nothing to compare to with nearby casts:
this area changing too rapidBottle O2 +0.02-3 compared to upCTD on prs-O2 plot,lboks

fine on theta-O2 plot vs up, sodiy OK." No corresponding features in other parameters on this
station vs theta; assume O2 questionable.

Delta-Ss -0.002. Salinity alues appear a little Wo compared to CTD alues and adjacent
stations. Botnote salinity questionable.

Delta-0.005 high at 48diCTD T & S and other samples shaurface well mixed to 60dbSix
Autosal runs to get agreement. Possible salt crystal protfeainote salinity questionable.

Sampléog: "Dripping from bottom."Water samples look ok.
Sampléog: "Dripping slightly from bottom."Water samples look ok.

Delta-Sat 1012db is 0.0081Four Autosal runs to get agreementvdoT & S differ from up T
& S but gradient and other salt sample in area match well. Possible salt crystal contamination.
Footnote salinity questionable.

Oxygen!2XNaOH 2X acid." Slightly high vs adjacent stations. Adding 2x NaOH will result in
erroneous blank being applied to data (blank too smatigtnote O2 questionable.

Sampléog: "Did not trip." No confirm. No samples.
Sampléog: "Dripping slightly from bottom."Water samples look ok.
Sampléog:"Dripping from bottom, reseated, okWater samples look ok.

PO4appears 0.03 uM/L high at 3540d#¥03, SIL and other ater samples ok. Peak goodtb
definitely high. Footnote PO4 questionable.

Sampléog: "Dripping @ base."All water samples look good at sacé.

Sampldog: Drip, reseatedDelta-S at 697db is 0.0242Autosal run ok. Other ater samples
have dight bump this l&el not shavn on CTD TS a O2, Up trace slightly dferent from davn,
but adjacent T&S lgel follow up trace well. Footnote bottle leaking, all bottle samples bad.

Sampldog: "NaOH/Nal dispenser drang air, cleaned and redweoxygen from bottle." Oxygen
value looks 0.1 ml/l high compared to CTCalue and adjacent stationgootnote oxygen
questionable.

Sampléog: Slight air leak, fird via top cap adjustmeniVater samples look ok.

Sampldog: Reversing therm lapard in bottle 36.Delta-S 0.006 high at 7dBour Autosal runs
to get agreement. Otherater samples look ok at sace of mixd layer Possible salt crystal
contamination. Botnote salinity questionable.

CTDProcessor: "ctdoxy shifts/max. -0.10 ml/l compared to bottles/nearby c&stsriote 0-44
db CTDOXY questionable.

Sampldog: Opened slightly at swa€e, hookd laryard during receery. Water samples look ok.
Sampléog: "Top cap loose", air leakWater samples look ok.

CTDProcessor: "Bottle O2 vs dnCTD fti§ OK: davn/up quite diferent/no code."
CTDProcessor: "Bottle salt vs dnCTD fdg OK: davn/up quite diferent/no code."

Sampldog: Leaks. Delta-S 0.0187 high at 657dhutosal run ok.Smooth CTD gradientSlight
bump in other samples similar to bottle 22 onvpas station. Footnote bottle leaking, all
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samples bad.
118-121 CTDProcessor: "Bottle salt vs dnCTD fdg OK: davn/up quite diferent/no code."

116 Delta-Sat 1399db is 0.0061Six Autosal runs to get agreeme@ther water samples look ok, 02
matches CTDO. High gradient on all samples. Possible salt crystal contaminatminote
salinity questionable.

114 Delta-Sat 1732db is 0.0107Four Autosal runs to get agreeme@ther water samples OK. O2
minimum matches CTDOHigh but smooth CTD gradient, footnote salinity questionable.

113 Delta-Sat 1907db is 0.0047Four Autosal runs to get agreeme@ther vater samples ok. CTD
S down differs from up.Footnote salinity questionable.

104 Sampléog: Slight leak. Water samples look ok.

101 Delta-Sis 0.0024 psu. Salinityalue a little high compared to CTDalue and station 667.

Footnote salinity questionableCTD Processor: "Bottle O2 -0.04 compared to dnCTD/nearby
casts; bottle salt is coded o corresponding feature in other parameters (nutrients).
analytical problems notedAssume O2 questionable.

Station 669

131-130 CTDProcessor: "ctdoxy max. -0.30 ml/l compared to bottles/nearby cdststhote 0-104 db
CTDOXY questionable.

122 Sampléog: "Bottom leak." Water samples look ok.

108 Delta-Sat 2780db is 0.0027Autosal run ok.CTD S max. Other samples look ok. CTRO
max also.

104 CTD Processor: "Bottle O2 +0.05 compared to dnCTD/nearby casts; does not match upCTD
eithet" No analytical problems noted - assume suspicidtgtnote O2 questionable.

103 CTDProcessor: "Bottle salt -0.002 compared to CTD/nearby cahllis.problems noted; looks
OK vs Stns 667 & 669.

101 Delta-S0.0019 high at 4203dihree Autosal runs to get agreement. 2nd 2CR 0.00001 higher
than 1st. Possible small salt crystBbotnote salinity questionable.

Station 670

127 Sampldog: "Dripping slightly". Water samples look okCTD Processor: "ctdoxy max. -0.60

ml/l compared to bottle after fskt/despilke; nev ctdoxy sensarsgnal cut-out at sudce.”
Footnote 0-100 db CTDXY bad.

126-118 CTDProcessor: "noisy ctdoxy signalvem 25 ea. 5-10db ygos/stops in top 1180db; -0.30 ml/I
ctdoxy drop at 1012-1036db not seen on upcast/nearby c&sistfiote 102-1180 db CTDXY
questionable.

124 Samplelog: "Dripping from bottom end cap beforenting, reseated. Air leak alsoWater
samples look ok.

123 Sampléog: "Dripping slightly" Water samples look ok.

122 Sampléog: "Air leak in bottom end cap.Water samples look ok.

111 Sampléog: "Air leak in top cap, reseatedWater samples look ok.

104 Delta-Ss 0.0023. Salinity &lue is a little high compared to CTD and adjacent statidosk 3
tries to get alue on AutosalFootnote salinity questionable.

103 NO3appears 0.3 uM/L o at 3840db Peak ok lut definitely lav. No corresponding feature in

other bottle alues or in NO3 @lues in adjacent stationdinote NO3 questionable.
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CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-102 db CTDXY bad.

Sampléog: "Dripping from bottom afterenting, reseated ok YWater samples look ok.
Oxygen!duplicate.” \alue OK; this sample &s a duplicate.
NO3appears 0.3 uM/L lo at 4211db Poor peak bt looks lav. Footnote NO3 questionable.

Delta-Sat 2db is 0.0252. Autosal run ok. Bottle salt matches other euxayer alues. High
surface gradienton CTD T & S.

CTDProcessor: "ctdoxy max. -0.30 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-90 db CTDXY bad.

Allnutrients from 153db & 204db shdnvesion not indicated on other properties this station or
on adjacent station nutrients. Possibly samplewrigut of orderNo notes. Botnote nutrients
questionable.

O2appears 0.1 to 0.05 ml/l high at 1187db compared to CTDO and adjacent statratisnT
ok. No notes.Footnote O2 questionable.

Sampléog: "Bottom end cap le&kl." Water samples look ok.

O2appears 0.04 W at 4170db compared to adjacent stations 6TDO shavs cune o lower
oxygen at bottom. ifration ok. No notes. CTD Processor: "Bottle O2 -0.03-4 compared to
dnCTD/nearby bottle/CTD casts; small drop near bottom of dnClitndi as lav as bottle." No
corresponding feature in other parameters. Assume O2 bad.

CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-118 db CTDXY bad.

Sampléog: "Bottom leak." Water samples also ok.
Sampléog: "Bottom leak." Water samples look ok.

O2appears 0.04 high at 3036db per CTDO Scatter not apparent in other properties this station.
Footnote O2 questionable.

O2not analyzed. Sampleas dravn per Sample Log, and there are no notes from the analyst.
Footnote O2 lost.

O2appears 0.05 ml/l high compared to CTDScatter not apparent in other properties this
station. Botnote O2 questionableCTD Processor: "Bottle O2 coded 3jtblooks OK vs
dnCTD, considering noisevd - |looks better than code-2 bottles 109/110 (2626/2421db) O2s."
Change code to '2'.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-76 db CTDXY bad.

Sampléog: "Slow leak on bottom afteranting.” Water samples look ok.

Rosette free fell onto cart with about %tra meters of wire paid out. No apparent damage b
may be responsible for high number of bottle leaks on outboard side (bottles 22-29)

CTDProcessor: "ctdoxy max. -0.15 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-62 db CTDXY bad.
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Sampléog: "Slight air leak in top cap.Water samples look ok.
Bottomdrip, reseated okWater samples look ok.

Sampléog: "Bottom drip after gnting." Water samples look ok.
Bottomdrip. Water samples look ok.

Sampléog: "Bottom drip, reseated, okWater samples look ok.
Sampléog: "Air leak in top cap, reseated, oRVater samples look ok.
Sampléog: "Bottom drip after gnting." Water samples look ok.
Sampléog: "Air leak BIGTIME." Water samples look ok.

CTDProcessor: "ctdoxy max. -0.10 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-42 db CTDXY bad.

Sampléog: "Leak @ bottom end cap, notdok." Water samples look ok.

Sampléog: "Leak @ bottom end cap, éd." Water samples look ok.

Sampléog: "Leak @ bottom end capWater samples look ok.

PO4appears 0.02 uM/L i@ at 4363db Poor peak may hee dso contriluted to slightly lav value
on 103 and le value on 104.Footnote PO4 questionable.

PO4appears 0.02 uM/L o at 4618db Peak fir but problem on 104 peakFootnote PO4
questionable.

PO4appears 0.04 uM/L @ at 4874db Peak fir but problem on 104 peakFootnote PO4
questionable.

O2appears 0.1 ml/L lo at 5080db Titration ok. Nutrients look ok, delta-S is 0.00®Rossibly
thio not rinsed dfburet tip after flush.Footnote O2 questionable.

CTDProcessor: "ctdoxy max. (+-0.10 ml/l compared to bottles afteettdespik; signal cut-out
at surbce." Botnote 0-54 db CTDXY bad.

Nutrientdata sheet: "No sample." Ok per Sample ldgsume draing error

Delta-Sat 2422db is -0.1345Autosal run ok. Other ater samples ok. Samalue as 114 from
Station 671, the last time this salt boaswsed. Probably bottle turned upright bot sampled
this station.Footnote salinity bad.

PO4 appears 0.03 uM/L high at 2832dBeak good bt definitely high. Botnote PO4
questionable NO3 appears 0.1 uM/lwloPeak irrggular hut definitely lav. Footnote NO3
questionable.

O2appears 0.02 ml/L high at 4052d@mooth CTDXY trace. Titration ok. Other \ater samples
ok with sil slightly lav (1.0 uM/L) indicating high 02 may be ok.

CTDProcessor: "ctdoxy max. -0.30 ml/l compared to bottles afteetédespik; signal cut-out at
surface.” Botnote 0-88 db CTDXY bad.

Sampldog: "Major bottom drip after enting, reseated, ok.Delta-S 0.0196 b at 96dh High
gradient, dwn CTD T&S difer from up. Other ater samples ok in start of thermoclingll
bottle \alues OK.

Sampléog: "Drip at bottom afterenting.” Water samples look ok.

Sampldog: "Bottom knocled after 02 dna." Delta-S 0.004 high at 863dblutrients also ok.
CO2s sampled.
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Sampléog: "Slight air leak in top cap, reseated, oVater samples look ok.

Samplelog: "Slight drip at bottom after enting." Delta-S-0.0021 at 3346dbOther water
samples also ok.

Samplelog: "Slight drip at bottom after enting." Delta-S-0.0023 at 3550dbOther water
samples also ok.

Delta-Ss a little greater than -0.002 psu. éays of salinity with adjacent stations also look
low. Footnote salinity questionable.

Delta-Sis -.0021. Oerlays of salinity with adjacent stations also look.l&eveal deep bottle
salinity values a little lav; salinity run on Autosal looks OK.detnote salinity questionable.

CTDProcessor: "ctdoxy ok compared to bottles aftésetfdespik, tut odd shape in between;
coded 4 because of huge change; signal cut-out acsulffotnote 0-56 db CTDXY bad.

Delta-Sat 508db is -0.0116Salt analysis ok.Sample from strong gradient are@verlays well
with adjacent stations.

Delta-Sat 634db is -0.0101Salt analysis ok.Sample from strong gradient are@verlays well
with adjacent stations.

Sampléog: "Drip from bottom after @nting." Water samples look ok.

Delta-Sat 2020db is -0.00265alt analysis ok Sample from strong gradient are@verlays well
with adjacent stations.

Noconfirm, not tripped.No samples.

Sampldog: "Leak from bottom afteranting, reseated ok.Water samples»eept po4 look ok.
See 102 PO4 comment, footnote PO4 lost.

Nutrientdata sheet: "Hydra dratube popped out of its reseiv- caused PO4 to drop to baseline
through samples 1-3. Reran all 3 samples$,only achiged a pak for sample 1Samples 2 & 3
will have © be thrown avay." 101 PO4 looks ok.Footnote PO4 lost.Delta-S is -0.0022 psu.
Salinity value a little lev compared to CTD alue. footnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.35 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-102 db CTDXY bad.

CTDProcessor: "ctdoxy max. -0.10 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 104-170 db CTDXY questionable.

Sampléog: "Top o-ring air leak, reseatedaig." Water samples look ok.
Sampléog: "Leak @ base, reseated, okVater samples look ok.
Sampléog: "Leak @ base, reseated, okVater samples look ok.
Sampléog: "Dripping @ base."Water samples look ok.

CTDProcessor: "ctdoxy max. -0.15 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-70 db CTDXY bad.

CTD Processor: "ctdoxy max. -0.25 ml/l compared to bottles after desgibp not seen on
upcast." Botnote 110-132 db CTDCY questionable.

Sampldog: "Bottom leak on reaery(?)." Delta-Sat 995db is 0.02640verlays with adjacent
stations indicate oxygen and nutrieatues are OK. Salinity high compared to CTD and adjacent
stations; footnote salinity questionable.
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Delta-Sat 1335db is 0.0755Autosal run ok. Other ater samples ok. Samalue as 118 at Vel
belon. Probably dupe dra. Footnote salinity bad.

CTD Processor: "ctdoxy max. (+-0.05 ml/l compared to bottles after de$pikootnote
1700-2500 db CTDRY questionable.

CTD Processor: "ctdoxy max. (+-0.05 ml/l compared to bottles after de$pikootnote
2950-4070 db CTDRY questionable.

Delta-Sat 3393db is -0.0053Autosal run ok. Other ater samples ok. Samalue as 107 at Vel
belon. Possible dupe dra Footnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.40 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-118 db CTDXY bad.

Delta-Sat 757db is 0.0112Autosal run ok. Other ater samples look ok in high gradient area,
salinity acceptable.

Noconfirm first trip try Tripped ok second try

Delta-90.002 high at 1664dfour Autosal runs to get agreeme@ther water samples look ok.
High gradient area, salinity acceptable.

CTDProcessor: "ctdoxy max. +0.10 ml/l compared to bottles after de$ptkotnote 2600-3500
db CTDOXY questionable.

CTDProcessor: "Bottle O2 -0.03 (bottle 108) or +0.03 (bottle 109) compared to dn&€dd, e
amount of difc buried in CTD noise M&l: but one does not match up with pattern of other nearby
bottles vs CTD (dn or up) on this cadtlot comparable to nearby casts at thiglle Bottles
108/109 O2 alues within 0.01 of each other - dupevdPa O2seems to match nutrients; lots of
O2/nutrient structure stns 682 & 683; duthink dupe drev. Leave & ¢flg=2.

Delta-9.0021 high at 4359di®dther water samples look okAutosal run ok.Same ®alue as 107
salinity at level above. Possible dupe dm Footnote salinity questionable.

O2titration problem. First try stopped just after staRestarted and loekl ok mt unsure he
much if ary thio added at lggnning. Samplel had a similar problem,ut lost screen on this
sample and thio not recorded on computer filezeHadgit Dosimat \alue only Oxygen lost.

CTD Processor: "ctdoxy ok compared to bottles aftésedfdespik, coded 4 because of huge
change; signal cut-out at sack." Botnote 0-50 db CTDXY bad.

Sampléog: "Air leak in top." Water samples look ok.
Sampléog: "Air leak in top." Water samples look ok.
Sampldog: "Bottom leak after enting." Water samples look ok.
Sampléog: "Major airleak in top."Water samples also ok.

CTDProcessor: "ctdoxy max. +0.05 ml/l compared to bottles after de$ptkotnote 2640-3150
db CTDOXY questionable.

Sampldog: "Bottom leak after enting." Water samples look ok other than PO4 0.02 high. PO4
peak poarair spike. Footnote PO4 questionable.

CTDProcessor: "ctdoxy max. drifts to +0.06 ml/l compared to bottom bottle after déspik
Footnote 5110-5242 db CTDXY questionable.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-90 db CTDXY bad.
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Sampléog: "Air leak in top - not reseatedWater samples look ok.
Sampléog: "Dripping after enting, reseated, ok \Water samples look ok.
Sampléog: "Dripping from bottom afterenting.” Water samples look ok.

CTDProcessor: "ctdoxy max. (+-0.10+ ml/l compared to bottles after de$Spikootnote
1600-3850 db CTDRY questionable.

NO3appears 0.2 {# at 3334db Poor peak. Other samples okootnote NO3 questionable.
Sampléog: "Leaking from bottom afteranting." Water samples look ok.

O2appears 0.02 high at 5077dftration ok. Other samples olCTDO shavs compl& oxygen
structure at this depth. Bottle oxygeaive OK.

CTDProcessor: "ctdoxy max. -0.15+ ml/l compared to bottles afteettdespik; signal cut-out
at surbce." Botnote 0-84 db CTDXY bad.

Sampléog: "Leaks @ base, not &d." Water samples look ok.

CTDProcessor: "Bottle O2s lookfafne level (too deep) vs upCTD, bottle 124/509db has same
02 walue as bottle 123/609db; test-fit ofwdo with values shifted pulls in max “400db much
closer to bottles."No analytical problems noted; lwever does look lile Bottles 123 & 124 could
be duplicates (no corresponding similarities in other parameters); flag O2 questionable.

CTDProcessor: "Bottle O2s lookfaine lesel (too shallav) vs dnCTD shape, bottle 112/2517db
02 value within 0.01 of bottle 111/2717db Oalwe; test-fit of up says maybe, maybe not - up
features wer this pressure range seem shadio by “100db than @, kut still not consistent
with these bottles."CTD Processor: "ctdoxy max. -0.14 ml/l compared to bottles after a@espik
Footnote 1250-2550 db CTDXY questionable.

Noanalytical problems noted; Wwever does look lile Bottles 111 & 112 could be duplicates (no
corresponding similarities in other parametefigg 112-111 O2 questionable.

PO4looks high vs other parameters; No corresponding feature in other parameters, especially

no3; Peak shape OKubhigh; no analytical problems noted,;

CTDProcessor: "Bottle O2 -0.07 compared to dnCTD, alsodompared to upCTD;werlays

with 686, lut none of other nearby bottles do - cast (including most bottles) seems to baymid-w
transition between 683/4 and 686/7, doesmatch eithef No corresponding feature in other
parameters; no analytical problems noted; flag O2 questionable.

Sampléog: "Leaking @ base, reseatedVater samples look ok.

CTDProcessor: "ctdoxy max. -0.30 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-82 db CTDXY bad.

Sampléog: "Bottom leak after enting." Water samples look ok.
Sampldog: "Bottom leak after enting." Water samples look ok.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles after de$pikotnote 1350-2678
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.06 ml/l compared to bottles aftsetddespik; signal cut-out at
surface." Botnote 0-58 db CTDXY bad.

Notrun on Autosal, dran ok per Sample log, no note®ther samples ok.détnote salinity lost.
Sampléog: "Leaking from bottom."Water samples look ok.
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121-109 CTD Processor: "ctdoxy max. (+-0.15 ml/l compared to bottles after de$pikootnote
1700-4100 db CTDRY questionable.

114 CTD Processor: "Bottle 14 O2 +.10 compared to dnCTD/upCTD, nearby bottles; lies on 688
bottle trace, bt rest of Bottle O2s match up with sta 686 in this vicin@yD fit is high, ut
smooth and shaped ékottles this area, dn or up - this one Bottle O2 does not line up.”

113-114 Oxygeri13 & 114 switched? Switching thesalwes looks betteHoweve, no hard evidence to
switch samples; le® & is and code O2 questionable.

103 O2appears 0.09 high at 5035db compared to adjacent station and ATiedion OK, no notes.
Delta-S 0.001 highut bottle salt same asvids abae and belav. Nutrients also OK.Footnote
02 questionable.

Station 688

136-135 CTDProcessor: "ctdoxy max. -0.10 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-58 db CTDXY bad.

128 Sampléog: "Dripping from bottom afterenting, reseated, ok \Water samples look ok.

125 Sampléog: "Dripping after enting." Water samples look ok.

123 Noconfirm first trip try Tripped ok second try

122 Sampléog: "Leaking from bottom afteranting." Water samples look ok.

121-116 CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles after de$pikotnote 1400-2600
db CTDOXY questionable.

112-109 CTDProcessor: "ctdoxy max. +0.05 ml/l compared to bottles after de$ptkotnote 3100-3950
db CTDOXY questionable.

110 Samplédog: "Air leak, reseated top cap, okWater samples look ok.

Station 689

136-135 CTDProcessor: "ctdoxy max. -0.15 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-60 db CTDXY bad.

135 Delta-Sat 58db is 0.0375In high salinity gradient. &ue OK.

130 Sampléog: "Bottom drip, reseated, partially successfiater samples look ok.

127 Sampléog: "Bottom drip, reseated, okWater samples look ok.

119-115 CTDProcessor: "ctdoxy max. -0.12 ml/l compared to bottles after de$pikotnote 1600-2650
db CTDOXY questionable.

113 Oxygen!'ragged ep."Possibly lav by .05 vs CTD ot no worse than 111 which is also slightly
low. Qflg=2.

112 Sampléog: "Bottom drip, reseated, okWater samples look ok.

109 Sampléog: "Bottom drip, reseated, okWater samples look ok.

101 CTD Processor: "ctdoxy max. +0.05 ml/l compared to bottom bottle after eégspiootnote
5236-5290 db CTDRY questionable.

Station 690

Cast 1 All nutrients appear W compared to adjacent stations and deep check sample 9999. Possible
working standard measurement errd?O4 & SIL temperatures for 690 were closer to 691
temperatures than 689 temperaturdsed F1s from 691 for 690. NO3 & PO4 agree much better
with both 689 & 691. SIL agrees with 691. Definite SIL change between 689 and 691. Nutrient
values acceptable.

136-134 CTDProcessor: "ctdoxy max. -0.08 ml/l compared to bottles afteettdespik; signal cut-out at

surface." otnote 0-54 db CTDXY bad.
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CTDProcessor: "ctdoxy max. -0.18 ml/l compared to bottles after de$pikotnote 1500-2500
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. +0.08 ml/l compared to bottles after de$ptkotnote 2800-4000
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.06 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-38 db CTDXY bad.

Delta-Sat 859db is 0.0152Autosal run ok. CTD S spé&kaon up trace. Bottle salt & other ater
samples ok.Footnote CTD salinity badCTDO not reported because CTD salinity coded bad.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles after de$pikotnote 1350-2750
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles after de$pikotnote 1350-2750
db CTDOXY questionable.

Sampléog: "leaks from the bottom"Water samples look ok.

CTDProcessor: "ctdoxy max. -0.05 ml/l compared to bottles after de$pikotnote 4236-4820
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.23 ml/l compared to bottles afteettdespik; signal cut-out at
surface." Botnote 0-90 db CTDXY bad.

Sampldog: "Slight bottom leak."High gradient, imersion, davn T&S differ from up trace.
Water samples look ok.

CTDProcessor: "ctdoxy max. +0.10 ml/l compared to bottles after deSpHootnote 114-240
db CTDOXY questionable.

Sampléog: "Leaking from bottom."Water samples look ok.

CTDProcessor: "ctdoxy max. -0.25 ml/l compared to bottles after de$pikotnote 1182-2500
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.14 ml/l compared to bottles after deSpiotnote 4886-5094
db CTDXXY bad.

Sampléog: "slight leak after gnting, reseated to dripWater samples look ok.

CTDProcessor: "ctdoxy max. (+-0.20 ml/l compared to bottles after de$piHootnote 48-280
db CTDOXY questionable.

Sampléog: "Dripping after enting, reseated, ok \Water samples look ok.

CTD Processor: "ctdoxy max. (+-0.20 ml/l compared to bottles after de$pikootnote
1450-4000 db CTDRY questionable.

Highvs other parameters and adjacent stati@.is questionable.

CTDProcessor: "On closer inspectiowedays with nearby casts sikgoroblem may be bottles
105/106 O2s are +0.05 vs bottle O2s on stas 692/694€ not real helpful here - signal only
getting worse, going by bottleverlays and CTD shape."

CTDProcessor: "Bottle O2 -0.05 compared to nearby bottles, no such drop/shape on dn or up

CTD." Lookslike problem with 105 vs other parametefBee belw. 104 OK.

CTD Processor: "ctdoxy max. (+-0.20 ml/l compared to bottles after de$pikootnote
1450-4000 db CTDRY questionable.
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Sampléog: "Dripping after enting." Water samples look ok.

CTDProcessor: "ctdoxy max. -0.05 ml/l compared to bottles after de$pikotnote 4250-4650
db CTDOXY questionable.

CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles affsetédespik; Footnote 0-70
db CTDXXY bad.

Sampldog: "Vent not closed."Water samples look good at start of thermocline. Near salinity
max.

Sampléog: "Dripping @ bottom."Water samples look ok.

CTD Processor: "ctdoxy max. (+-0.20 ml/l compared to bottles after de$pikootnote
1500-4206 db CTDRY questionable.

Delta-Sat 2215db is 0.0038Bottle salinity \alue high compared to CTD and adjacent stations.
Four tries on Autosal to getalue. Botnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.20 ml/l compared to bottles afteetédespik; signal cut-out at
surface." Botnote 0-90 db CTDXY bad.

CTD Processor: "ctdoxy max. (+-0.15 ml/l compared to bottles after de$pikootnote
1400-4222 db CTDRY questionable.

Delta-Sat 2629db is 0.0025Bottle salinity a little higher than CTDalue and adjacent stations.
Footnote salinity questionable.

Sampléog: "Top not sealed, fed it." Water samples look ok.

CTDProcessor: "ctdoxy max. -0.22 ml/l compared to bottles aftsetddespik; signal cut-out at
surface." Botnote 0-50 db CTDXY bad.

CTD Processor: "ctdoxy max. (+-0.13 ml/l compared to bottles after de$pikootnote
1450-3500 db CTDRY questionable.

Delta-Sat 2764db is 0.0026Bottle salinity higher than CTDalue and station 697ub lower
than station 695. Autosal run OHKcootnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.40+ ml/l compared to bottles afteettdespik; signal cut-out
at surhce." Botnote 0-96 db CTDXY bad.

CTD Processor: "ctdoxy max. (+-0.15 ml/l compared to bottles after de$pikootnote
1386-4208 db CTDRY questionable.

Sampldog: "Leak @ bottom afterenting." Water samples look ok, at sace. CTDProcessor:
"ctdoxy max. -0.05 ml/l compared to bottle/nearby caskbotnote 0-50 db CTDRY
questionable.

Flaskbroken during second shekNo titration. Oxygen lost.
Sampléog: "Slight drip after enting." Water samples look ok.

Sampldog: "Leak @ bottom afteraenting, sleved to drip after reseating \Water samples look
ok.

Sampldog: "Lanyard from 8 caught in top - air leakDelta-S at 2828db is 0.054%utosal run
ok. 020.06 ml/L NO3 2.7 uM/L lev. PO4 0.18 uM/L lav. SO3 16 uM/L lon. Footnote bottle
leaking and samples bad.
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Sampléog: "Drip @ base."Water samples look ok, at sade.

Sampldog: "Air leak in top cap, reseated okDelta-S at 1057db is 0.007R Autosal runs to
get agreement.Other water samples look ok. At salinity minimumFootnote salinity
questionable.

Sampldog: "Air leak in top cap, reseated, okDelta-S 0.002 high at 2523d® Autosal runs to
get agreement.Other water samples ok. At deep salinity maximunfootnote salinity
questionable.

Delta-Sis -0.0021 psu. Salinityalue is a little lav compared to CTD and adjacent stations.
Footnote salinity questionable.

CTDProcessor: "ctdoxy max. -0.15 ml/l compared to bottles/nearby cdstethote 0-70 db
CTDOXY questionable.

Sampléog: "Slight air leak, fied." Water samples look ok.

Sampléog: "Slight leak, fied." Water samples look ok.

Delta-9.0025 high. Autosal run ok.alte a little higher than CTD salinity and adjacent stations.
Footnote salinity questionable.

Sampldog: "Slight air leak, fied." Delta-Sat 2525db is 0.0029Water samples look ok at
salinity max. Bottle salinity questionable.

Delta-Sat 2927db is 0.003Autosal run ok. Other water samples look ok just baloCTD
Salinity max. Same ®lue as both iels abae & salinity max. Possible dupe dwa Footnote
salinity questionable.

Delta-S0.0021 high. Autosal run okValue a little higher than CTD salinity and adjacent
stations. Botnote salinity questionable.

Sampléog: Leak @ bottomWater samples look ok.

Delta-Sat 761db is -0.17380ther water samples okAutosal run ok. Samealue as bottle 19 at
level belov. Assume dupe dvafrom bottle 19.Footnote salinity bad.

Sampléog: "Top end cap not setWater samples look ok.

Delta-Ss -0.0021. Salinity a little lo compared to CTD and adjacent stationsotRote salinity
guestionable. CTDProcessor: "Bottle O2 +0.05 compared to dnCTD, not mucterelift
compared to upCTDBottle O2 werlays sta 700 CTD/bottlesubbottles/CTD for sta 701 match
702 belav 3700db/1.3 theta - both muchwer than 700."Slight depression in nutrients at this
level, corresponds to higher O2; {eass acceptable.

Dee?O4 0.10 uM/L laver than preious stations and 0.05 uM/Lv@r than subsequent stations
after discontinued swuattant in lydrazine prior this stationNo change in NO3 between 700 &
701. Possibly Sta 700 PO4svhahe worst problem because 700 Redfield rativdo than an
adjacent stationsAdjusting Base(E) for Stns 695-700, looks better; code po4 '2’

Sampldog: "Lealed after enting, reseated, ok Water samples look ok, at sade.
Sampléog: "Leak from bottom on deck.Water samples look ok, in high gradient.
Sampléog: "Leaked after enting, reseated, ok Water samples look ok, in high gradient.

Sampldog: "Air leak from top cap, reseatedWater samples look ok, at oxygen min, PO4,NO3
max.
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Sampldog: "Dripping after enting." Water samples look okOxygen: "ragged ep.Looks OK
vs other parameters & adjacent stations.

CTDProcessor: "Bottle O2 looks high, although dnCTD matches: looks mereniXTD drifted
up at bottom 2db during stop and happens to madttle O2 looks OK vs upCTD, which has
no sharp rise at bottonBottle O2 also werlays sta 701 bottle O2 and dnCTDOxygen Log:
"ragged ep."Oxygen analyst: Looks high by ~.07 ml/L vs adjacent statids.corresponding
feature in other parametersNo notes of ay analytical problems. Footnote bottle O2
questionable.

Sampléog: "Slight top end cap air leak\Water samples ok.
Sampléog: "Dripping from bottom after dveing started."Water samples ok. High gradient.
Sampléog: "Leaking from bottom end capWater samples ok.

CTDProcessor: "ctdoxy jagged and noisy throughoutserirea, not seen on upcagidbtnote
0-122 db CTDQAY questionable.

Sampléog: "Drip at bottom cap.'Water samples look ok.
Sampléog: "Very slav air leak before enting.” Water samples look ok.
Sampléog: "Drip @ bottom cap.'Water samples look ok.

PO4appears 0.05 W@ compared to adjacent stations with high Redfield ratios. Otlzerw
samples compare well this areBeaks look ok, 116 definitelyv@r that 117 and 110 definitely
lower than 109.Footnote PO4 questionable.

Delta-Sat 107db is 0.0315Salt analysis okSample from strong gradient area.
Delta-3s about 0.0025, s salinity profile shars mary complex salinity structures at this depth.
Salinity OK.

Sampldog: "Top end cap not seatedNutrient and oxygen samples look okt po4 max and
near salinity max. Salinity same as 11Delta-S at 3078db is 0.003Footnote salinity
questionable.

CTDProcessor: "ctdoxy max. +0.03 ml/l compared to bottom bottle, not comparable to nearby

casts, not seen on upcast, probably caused by bottomtdmlo." Footnote 4814-4832 db
CTDOXY questionable.

CTD Processor: "ctdoxy max. -0.20 ml/l compared to nearest bottles, not seen on upcast."

Footnote 0-34 db CTDRY questionable.

Oxygenvalue about 0.2 ml/l high compared to CTD oxygen and adjacent stationmofe
oxygen questionable.

Delta-Sat 1008db is 0.004Salt analysis okSample from gradient/feature area.
Sampléog: "Air leak in top cap, reseated, oRVater samples look ok.
Sampléog: "Slight drip after enting." Water samples look ok.

OxygerLost during titration.

Delta-S0.004 at 3637d0ther water samples ok. Three Autosal runs to get agreement. Normal

CTD gradient. Samealue as leel above, so possible dupe dwa or bad run or both.Footnote
salinity bad.



4. Acoustic Doppler Current Profiler Observations

Jules Hummon

Peter Hacker and Eric Firing
University of Hawaii, SOEST
1000 Pope Road, MSB 312
Honolulu, HI 96822 USA

All data are to be considered preliminary at this time.
For information on the data contact:

Firing: 808-956-7894; efiring@soest.hawaii.edu

Hacker: 808-956-8689; hacker@soest.hawaii.edu

Hummon: 808-956-7307; jules@soest.hawaii
FAX: 808-956-4104

Ocean velocity observations were taken on the WHP Indian Ocean Expedition lines 14,
I5W, and 17C using two acoustic Doppler current profiler (ADCP) systems and accurate
navigation data. The two systems are the hull-mounted ADCP and a lowered ADCP
mounted on the rosette with the CTD. The data were taken aboard the R/V KNORR from
June 11, 1995 through July 11, 1995. Both end ports of call were Port Louis, Mauritius,
with an intermediate port call in Durban, South Africa. The purpose of the observations
was to document the upper ocean horizontal velocity structure along the cruise track, and
to measure vertical profiles of the horizontal velocity components at the individual
hydrographic stations. The observations provide absolute velocity estimates including the
ageostrophic component of the flow. Figure 4.1 shows the cruise track and upper ocean

currents measured by the hull-mounted ADCP.
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Figure 4.1 Upper ocean currents along the ship track measured with the hull-mounted
ADCP.

Preliminary results show flows of almost 2m/s in the Agulhas, and 1.4m/s southward at the
southeast coast of Madagascar.

Hull-mounted ADCP

The hull-mounted ADCP is part of the ship's equipment aboard the KNORR. The ADCP is
a 150 kHz unit manufactured by RD Instruments. The instrument pings about once per
second, and for most of the cruise the data were stored as 5-minute averages or
ensembles. The user-exit program, ue4, receives and stores the ADCP data along with
both the P-code navigation data from the ship's Trimble receiver and the Ashtech GPS
receiver positions. The P-code (military precision) data are used as navigation for the
ADCP processing. Civilian quality GPS navigation was used for most of the cruise (see
"Naviagtion", below). The ship gyro provides heading information for vector averaging the
ADCP data over the 5-minute ensembles. The user-exit program ue4 calculates and



stores the heading offset based on the difference between the heading determination from
the Ashtech receiver and from the ship gyro.

The thermistor in the ADCP was replaced at the beginning of the cruise and now reads
approximately .1C high. The nominal "forward" beam of the shipboard ADCP was
mounted facing due aft, as it has been since Columbo. The ADCP transducer is mounted
at a depth of about 5 meters below the sea surface. A preliminary comparison of ADCP
thermistor temperature to CTD temperature at 3m shows the ADCP is about .1C higher
than the flowthrough system and .03C higher than the CTD.

As setup parameters, we used a blanking interval of 4 meters, a vertical pulse length of 16
meters, and a vertical bin size of 8 meters. We used a 5 minute sampling interval for the
entire cruise. Bottom tracking was activated during the transit around the southern tip of
Madagascar.

Final editing and calibration of the ADCP data has not yet been done. For example, some

spikes due to pinging off the CTD wire or rosette on station are still present in the data. A
complete set of preliminary plots was generated during the cruise. The plots consist of:
vector plots with velocity averaged over several depth intervals, and over one hour in time;
and contour plots of u (positive east) and v (positive north) typically averaged over 0.1
degree of longitude or latitude, depending on the track. The velocity was measured from
a depth of 21 meters to a depth of about 300 to 400 meters. The depth to which "good"
data existed was 300-400m throughout the entire cruise.

Lowered ADCP

The second ADCP system is the lowered ADCP (LADCP), which was mounted to the
rosette system with the CTD. The LADCP vyields vertical profiles of horizontal velocity
components from near the ocean surface to near the bottom. The unit is a broadband,
self-contained 150 kHz system manufactured by RD Instruments, model BBCS 150, serial
no. 1246. We used single ping ensembles. Vertical shear of horizontal velocity was
obtained from each ping. These shear estimates were vertically binned and averaged for
each cast. By combining the measured velocity of the ocean with respect to the
instrument, the measured vertical shear, and accurate shipboard navigation at the start
and end of the station, absolute velocity profiles are obtained (Fisher and Visbeck, 1993).
Depth is obtained by integrating the vertical velocity component; a better estimate of the
depth coordinate will be available after final processing of the data together with the CTD
profile data. The shipboard processing results in vertical profiles of u and v velocity
components, from a depth of 60 meters to near the ocean bottom in 20 meter intervals.
These data have been computer contoured to produce preliminary plots for analysis and
diagnosis.

CTD casts were made at stations 574-707. LADCP casts were made at all stations
except 584, 610 and 611, which were too shallow. On cast 623, the LADCP turned off
prematurely during the upcast due to a previously noted instrument firmware problem.



The deep casts often have noise problems below 3000 meters or so due to poor
instrument range and interference from the return of the previous ping.

Navigation

The ship used a Trimble P-code receiver for navigation, with data coming in at once per
second. We have stored this once per second data for the entire cruise, We also
decimated this once per second data by a factor of 10 to 10-second intervals and stored
these processed files as daily matlab files of latitude, longitude and time.

The Ashtech receiver uses a four antennae array to measure position and attitude. The
heading estimate was used with the gyro to provide a heading correction for the ADCP
ensembles. The Ashtech data was stored by the ADCP user-exit program along with the
ADCP data.

Due to problems obtaining P-code navigation, only dithered Trimble GPS was only
available until Durban. A different Trimble receiver was shipped to Durban and installed
there, giving us P-code navigation between 6/22 when we left Durban, and 6/26 0000Z,
when the "key" obtaining the P-code ceased to function. At approximately 1200Z the
newly installed Trimble stopped receiving navigation altogether and the previous one was
installed. In summary, civilian quality GPS was used for navigation during the entire
cruise except for the first 3 days out of Durban, covering one complete Agulhas crossing,
during which time P-code was used.

References

Fisher, J. and M. Visbeck, 1993; Deep velocity profiling with self-contained ADCPs; J.
Atmos. Oceanic Technol., 10, 764-773.

5. Lagrangian instrument deployments
Ray Peterson, SIO
Russ Davis, SIO
Wolfgang Krauss, IfM Kiel

Two types of Argos-tracked Lagrangian platforms were deployed during the length of the
cruise: 20 neutrally-buoyant ALACE (Autonomous Lagrangian Circulation Explorer) floats,
provided by R. Davis (SIO), and 40 surface drifters drogued at 100-m depth with 10-m-
long holey socks, provided by W. Krauss (Institut fuer Meereskunde, Kiel). The ALACEs
were ballasted to float at a nominal depth of 2000 m. Of these, 12 were preset to rise to
the surface every 26 days (dubbed "slow", providing positional data only) and 8 were set
to cycle every 15 days (dubbed "fast", providing positional and temperature profile data).
The "fast" ALACEs were deployed mainly within the Agulhas Current along line I5W. Of



the surface drifters, 7 were released east of Madagascar, 6 within the southern
Mozambique Channel along line 14, 7 within the Agulhas Current directly offshore Durban,
8 more within the Agulhas Current along line I5W, and the remaining 12 along the eastern
half of line ISW (7) and along line I7C (5). Positions of deployments are listed below.

ALACE floats

ALAC | Type Date Time Lat (S) Lon (E)
E s/n (4]
500 slow | 06/14/95 0137 24 59.91 |48 30.26
501 slow | 06/16/95 1822 24 40.02 | 41 59.89
502 slow | 06/17/95 1331 24 39.82 | 3959.46
447 fast 06/18/95 1022 24 40.06 | 3745.12
456 fast 06/18/95 2208 24 41.07 | 3644.36
370 fast 06/19/95 0635 24 39.93 | 3559.66
369 fast 06/22/95 2105 3109.70 | 3025.50
518 fast 06/23/95 0235 311457 |3032.68
519 fast 06/23/95 0905 3127.81 |3049.53
516 fast 06/23/95 2321 3150.65 | 3123.52
503 slow | 06/24/95 1625 322253 [3259.28
517 fast 06/25/95 1118 3253.98 |3459.86
282 slow | 06/25/95 2353 3300.59 |3613.80
239 slow | 06/26/95 2337 3101.46 |37 29.82
507 slow | 06/28/95 1000 3300.32 |4059.72
506 slow | 06/29/95 1610 3300.41 |4302.71
505 slow | 06/30/95 1307 3312.94 |4559.19
504 slow | 07/01/95 0731 3329.90 |4759.63
508 slow | 07/06/95 0608 27 00.17 |54 29.18
498 slow | 07/08/95 0635 23 38.59 |54 31.67




100-m drogued drifting buoys

Drifter Date Time Lat (S) Lon (E)
s/n (2)

15189 06/13/95 0801 24 59.98 50 06.30
11345 06/13/95 2055 24 59.85 49 00.76
21495 06/14/95 0650 25 00.05 48 00.04
21523 06/14/95 1030 25 01.00 47 49.59
21512 06/14/95 1350 2501.72 47 38.44
21503 06/14/95 1605 2501.16 47 29.28
21501 06/14/95 1735 25 00.36 47 27.58
21494 06/17/95 1328 24 39.93 39 59.83
21489 06/18/95 0400 24 10.53 38 30.06
00598 06/18/95 1858 24 40.18 36 59.98
21517 06/19/95 0401 24 39.59 36 14.32
00593 06/19/95 1425 24 39.85 3543.21
21519 06/19/95 1658 24 40.02 3529.24
21522 06/22/95 0705 29 57.18 3113.04
21514 06/22/95 0756 30 04.18 31 20.73
21505 06/22/95 0833 3010.41 31 24.80
21465 06/22/95 0901 30 14.49 3127.74
21521 06/22/95 0916 30 16.42 31 29.03
21500 06/22/95 0932 30 18.42 31 30.33
21508 06/22/95 0952 30 21.37 3132.44
21458 06/22/95 1830 3107.41 30 22.37
21504 06/22/95 2108 31 09.63 30 25.64
21507 06/22/95 2354 3111.94 3029.41
11322 06/23/95 0238 31 14.57 30 32.70
21502 06/23/05 0542 3117.80 30 35.90
00625 06/23/95 0906 3127.81 30 49.55
21510 06/23/95 1604 3134.99 30 59.43
21520 06/23/95 2320 3150.16 31 23.20
21498 06/24/95 0724 32 03.78 32 03.81
11342 06/24/95 1625 32 22.47 32 59.38
21518 06/25/95 0125 32 36.80 3347.43
21496 06/25/95 1123 32 54.08 34 59.78
04015 06/25/95 2355 33 00.50 36 13.80
21469 06/26/95 2335 3301.47 37 29.93
21472 06/28/95 1003 33 00.30 40 49.66
11323 07/05/95 1005 28 18.80 54 29.99
21513 07/06/95 0610 27 00.54 54 28.97
21511 07/07/95 0208 25 39.46 54 30.33
04016 07/08/95 0155 23 58.96 54 31.39
00661 07/08/95 2055 22 29.10 54 29.71




6. CFC Observations
Kevin Maillet (U.Miami / RSMAS)
Steve Covey (U. Washington)

CFC samples were drawn on 105 of 134 stations. The total number of CFC samples
drawn was 1512 of which 33 were replicate samples and 3 were not analyzed due to
sample loss. Marine air measurements were made at 19 locations during the cruise. The
average marine air CFC concentrations measured was 266.60 ppt F-11 and 507.49 ppt F-
12.

Along the 14 line, 5 stations were sampled east of Madagascar and another 18 were
sampled west of Madagascar. Measurable CFC-11 concentrations were seen to penetrate
to around 1500 m. A subsurface CFC maximum, indicative of Sub Antarctic Mode Water
(SAMW), was observed in the range of 200 - 400 m.

A total of 56 stations were sampled on the I5W line. Maximum CFC-11 penetration was
1500 m on the western end of the I5W line, increasing to over 2000 m eastward into the
western Madagascar Basin. Again, SAMW was evident as a subsurface CFC maximum.
Elevated concentrations of up to 0.1 pmol/kg CFC-11 were observed in the bottom water
of the western slope of the Mozambique Basin, gradually decreasing eastward across the
basin. Bottom waters in the Madagascar Basin were generally less than 0.01 pmol/kg. On
the 17C line, 25 stations were sampled. CFC-11 penetration shoaled from 1500 m on the
southern end of the line to around 1000 m to the north. Slightly elevated concentrations
(CFC-11 of 0.02 pmol/kg) were observed in the bottom waters between 27d S and 29d S
along the 17C line.

7. Shallow Helium / Tritium & Deep Helium
Scot Birdwhistell WHOI
Ralf Weppernig LDEO

On this group of legs 14w, 15w & I7c the shallow helium / tritium and the deep heliums
were sampled as a joint operation by WHOI and LDEO. S. Birdwhistell from WHOI and R.
Weppernig from LDEO were the people responsible for the sampling and onboard
processing of the helium and the tritium samples. They sampled 18 stations for shallow
(surface to 1500-1800m) helium/tritium and a total of 24 for deep helium (1500-1800 to
bottom). Station spacing was approximately 1.5 - 2 degrees of longitude on 14, 3 to 4
degrees of longitude on 15w and approximately every 3 degrees of latitude on the 17c line
except at continental boundaries where the station spacing was reduced so as to sample
any boundary currents . On each station, approximately 16 helium /tritium pairs were
collected and processed, along with 16 deep heliums. Deep heliums were also taken on
the 14 and I5w lines at stations which split the distance between the shallow stations . A
total of approximately 670 heliums and 300 tritiums were taken and processed on 24 of
the stations.



8. C14 Sample Collection
Tonalee Key
Ocean Tracers Lab
Princeton University

All C14 sample collection proposed for this leg of WOCE was completed.
In all, 15 stations were sampled producing 366 samples.

TABLE 1 C14 Samples Collected

Station | Number of | Type of Sample
Samples

578 16 upper column
593 30 full column
599 32 full column
622 32 full column
628 16 upper column
638 32 full column
644 16 upper column
650 32 full column
660 16 upper column
666 32 full column
672 16 upper column
676 32 full column
684 16 upper column
694 32 full column
702 16 upper column

9. Underway pCO2 System
Tonalee Key
Ocean Tracers Lab
Princeton University

Approximately 530 hours of air and surface water pCO2 values were collected with the
underway pCO2 system. The system performed to specifications except for one
mechanical failure which resulted in the loss of approximately 15 hours of data, however
most of that was time spent on station. In addition, there was a loss of approximately 15
hours of data due to rough weather which caused the bow pump to air lock. Once again,
most of this time was spent on station.



10. Total Carbon dioxide
R. Wilke
Brookhaven National Laboratory

Samples for TCO2 were taken at all 134 stations occupied during cruise legs 14, I5W and
I7C. Full profiles were taken at 66 stations while mixed layer (0-100meters) samples were
taken at the rest. A total of approximately 2050 discrete samples were analyzed.

No significant problems were encountered with the instrumentation during the cruise.
Certified Reference Materials (Batch 26) supplied by Dr.Andrew Dickson of SIO were
analyzed daily on each SOMMA instrument. The combined CRM results from both
SOMMA's are:

Mean = 1976.46 uM/Kg Std. Dev. = 0.93 uM/Kg N =79
This compares to a given CRM TCO2 value of:
Mean = 1978.34 uM/Kg Std. Dev. = 0.67 uM/Kg N =9

Note that at the time the CRM's were shipped (March, 1995), SIO had not yet conducted
sufficient analyses to "Certify" the batch. The sample data are considered to be of high
quality based upon the CRM data and the analyses of duplicate pairs of samples. The
difference ,in TCO2, between the duplicates was:

Mean = 0.38 uM/Kg Std. Dev. = 1.03 uM/Kg N = 200

In general, all samples from a given station were analyzed on the same instrument. On
occasion, samples from one station were analyzed on both instruments to facilitate
sample throughput. In these cases, duplicate samples were analyzed on both Somma's.
The difference in TCO2 of these duplicates was:

Mean = 0.17 uM/Kg
Std. Dev. = 1.04 uM/Kg
N=12

Upon cursory examination of the data, the TCO2 concentrations follow the usual pattern of
low values at the surface while increasing with depth in the water column. The lowest
surface concentrations (~1950 uM/Kg) were found in the vicinity of Station 584, off the
eastern shore of Madagascar. Low surface concentrations were also observed at stations
on the northern end of the 17C transect. The highest surface TCO2 concentrations
(~2050uM/Kg) were found near and to the east of the Madagascar Ridge around Stations
656-662. The highest TCO2 concentrations (~2300 uM/Kg) at depth were found in the
Madagascar Basin near Stations 680-700 at around 3000-3600 meters.

The two most notable features of the TCO2 distribution were found along the I5W
transect. At the shoreward end of the transect, high TCO2 levels shoaled up onto the



continental slope region from their typical depth of greater than 1000 meters up to about
600 meters depth. A band of relatively low concentration TCO2 water (2200 uM/Kg vs.
2250 uM/Kg) was apparent at Stations 611-650, both in the Natal Valley and the
Mozambique Basin, in a depth range of 2000-3500 meters. This seems to be coincident
with a high salinity water mass, perhaps, North Atlantic Deep Water. This feature is also
evident between 2200-3200 meters depth at stations 585-599 on transect 14.

11. Total alkalinity
Ernie Lewis
Brookhaven National Laboratory

Total alkalinity is one of the measurable parameters of the CO2 system in the ocean and
Is determined by titrating the seawater sample with HCI and fitting the resulting titration
curve. Typical values for the oceans are 2100 - 2400 micro-equivalents per kilogram of
seawater.

Samples were taken at all 134 stations occupied during 14, 15W, and I7C. Two different
cells were used to analyze the samples. Normally, full profiles were taken at every other
station, with samples taken to cover the mixed layer only for the rest. A total of just over
2000 samples were analyzed. These include approximately 180 replicates for quality
control. In addition, around 75 CO2 Certified Reference Materials of Batch 26 (supplied by
Dr. Andrew Dickson of SIO) and 50 secondary standards were analyzed. The reference
materials are not certified for alkalinity, but are expected to be stable. The secondary
standards were surface seawater which was collected before each leg.

For replicates which were run on the same cell, the mean difference was between 4 and 5
micro-equiv/kg for each cell. The mean difference for replicates run on both cells was
zero, to within one standard deviation of this difference. For the certified reference
materials, the mean values on both cells were within 1 micro-equiv/kg of each other, with
standard deviations 3 to 4 micro-equiv/kg. For secondary (surface) standards, the mean
values (which would be different for each of the three legs) of the two cells agreed to
within one standard deviation of each other, which was in the range from 2 to 7 micro-
equiv/kg.

Of the more than 2000 samples analyzed, over 95% had alkalinities in the range 2300-
2400 micro-equiv/kg. Only about 3% had values greater than 2400 micro-equiv/kg, and
less than 1% were less than 2300 micro-equiv/kg. For a typical profile, the surface would
have a value of between 2300 and 2350, increasing (with depth) through the mixed layer
to 2350, decreasing to 2300 at 1000 m, and increasing to around 2400 at a depth of
around 3000 m. For depths below this, the values would remain almost constant or
decrease slightly, often showing signs of another increase around 5000 m.



13.  Chlorophyll
Alistair Hobday, SIO/UCSD

Chlorophyll sampling was undertaken as a side project by the observing biologist. Nine
depths between the surface and 200m were sampled, providing total chlorophyll for each
depth, as well as an integrated water column large cell fraction. Between Madagascar
and Africa, 24 of 26 stations were sampled, while on the southern leg, intense sampling
was carried out between stations 612 and 668. From preliminary comparisons between
these two transects a major difference in upper water column stratification is obvious.
Stations on the northern transect had a subsurface chlorophyll maximum, indicating a
shallow mixed layer, while on the southern leg, no such maximum occurred. Chlorophyli
was high throughout the deeper mixed layer. Nitrate, temperature and stability measures
(N~2), will be used in the complete analysis to explore the observed chlorophyll patterns
and the role of upper ocean dynamics in producing such features.

14. Barium
Kelly Faulkner, Oregon State University

As an ancillary program to the WHP effort, samples were collected for shoreside analysis
of barium. The collection was at the request of Dr. Kelly Faulkner of Oregon State
University. Dr. Faulkner's sampling plan was to collect water from every bottle at alternate
stations. However at cruise beginning a 50% shortfall of empty sample containers to meet
this requirement was identified. A contingency plan to collect water at each odd station,
from each odd water sample bottle was initiated and the lead scientist emailed for further
instructions. Receiving none, that plan stood for the leg; the exception being the final
stations where water was drawn from every bottle to round out the chest of available
sample containers.

15. Underway sampling
Michael Thacher, WHOI

The following sensors were installed and in use during 4.

IMET SENSORS - R/V KNORR

Sensor Type Module ID | Sensor Mfg. Location Status Comments
Air Temperature | TMP 119 Eaton Corp. Tower OK Installed 1/95
Baromertric BPR 118 Air Inc. Tower Needs Consts. | Installed 6/94
Pressure

Precipitation PRC 113 R.M. Young Tower OK Installed ?
Relative HRH 115 Rotronic Tower OK Installed 6/9
Humidity

Sea Surface SST 108 Bow Dome Installed 6/94




Temperature Noisy Data
SW Radiation SWR 003 Eppley Tower OK (?) Installed ?
Wind WND 004 | R.M. Young Tower OK Installed 4/95
Speed/Direction
NAVIGATION SENSORS - R/V KNORR
Type Serial Number | Location Status Manufacture
Computer Time Science Chart Room | OK Bancomm
Port MX200 GPS | 190315 Ships Chart Room OK Magnavox
Stbd MX200 190317 Bridge OK Magnavox
GPS
P-Code GPS 4111000053 Ships Chart Room Y-Code only | Trimble Nav.
Gyro 1203 IC Room OK Sperry
Speed log Bow Chamber Questionable | EDO
Sea Surface
Conductivity 1329-121591 Bow Chamber OK Falmouth Sci.
Temperature 1322-121591 Bow Chamber OK Falmouth Sci.
12 KHz
Echo Sounder | 114-88 Bow Chamber OK Ocean Data Equ.

Data

The data was logged to ASCII text files, one containing ship navigational information, and
the other containing meteorological information. There were a few large gaps in the data
during the cruise. Any gap longer than 15 minutes while under way, and any gap longer
than one hour while on station are listed below, with a short explanation of each. If only a
subset of the data items are missing for the period indicated, the missing items will be
listed along with the notes. In the table below OS stands for on station, and UW stands

for under way.

Date | Start | Stop | Length | UW/OS | Notes (Including data affected)

06/22 | 07:26 | 07:53 | 27 min. | UW P-Code installation [GPS_TP]

06/26 | 03:25 | 06:22 | 177min. | OS Power reset needed [WND]

06/26 | 12:.00 | 13:34 | 94 min. | OS P-Code receiver replacement [GPS _TP]

06/26 | 15:13 | 15:31 | 18 min. | UW Data Logging Computer Failure [all
data]

06/27 | 11:54 | 12:34 | 40 min. | UW Data Logging Computer Failure [all
data]

06/27 | 17:47 | 18:06 | 19 min. | UW Power reset needed [WND]

06/30 | 10:20 | 10:38 | 18 min. | UW P-Code testing [GPS_TP]

07/07 | 08:27 | 09:29 | 62 min. | UW Data Logging Computer Failure [all
data]




Note: No data logged during port stop Durban: 06/21, 06:22 GMT to 06/22, 05:56 GMT

end of report



