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CTD/02 Measurements Collected on a Climate and Global Change Cruise 
(WOCE Section P13) Along 165°E During August-October, 1992 

K.E. McTaggart, G.c. Johnson, and B.A. Taft 

ABSTRACT. Summaries of Neil Brown Instrument Systems CTD/02 measurements and hydrographic 
data acquired on a Climate and Global Change cruise during the fall of 1992 aboard the RN Vickers are 
presented. The majority of these data were collected along 165°E from 51.5°N to 5 0 S. Data collected on 
a NW-SE dog-leg from the 200-m isobath off the coast of Kamchatka to the beginning of the 165°E line 
at 51.5°N are also presented. Data acquisition and processing systems are described and calibration 
procedures are documented. Station location, meteorological conditions, CTD/02 summary data listings, 
profiles, and potential temperature-salinity diagrams are included for each cast. Section plots of 
oceanographic variables and hydrographic data listings are also given. 

1. INTRODUCTION 
In support of NOAA's Climate Program, PMEL scientists have been measuring the growing 

burden of greenhouse gases in the thennocline waters of the Pacific Ocean and the overlying 

atmosphere since 1980. During this cruise, hydrographic and chemical measurements began with 

a series of closely spaced stations extending from the Kamchatka Peninsula across the western 

boundary current regime. The section then crossed the northern end of the Kuril-Kamchatka Trench 

and extended southward along 165°E from 51.5°N to 5 0 S crossing such major features as the North 

Pacific subpolar gyre, Kuroshio Extension, subtropical gyre, and the equatorial current system. Full 

water column CTDI02 profiles and a suite of anthropogenic and natural tracers including 

chlorofluorocarbons (CFCs), helium-tritium, radiocarbon, total CO2, alkalinity, dissolved oxygen, 

dissolved nutrients and salinity were collected. These measurements will be used to study the 

distribution, sources, and formation rates of water masses and their flow patterns and time scales. 

The CFC and tritium measurements will be of use in studying the rates of upper and intennediate 

water mass fonnation and transport processes. CO2 measurements will be used to study the flux of 

CO2 from atmosphere to ocean and the importance of this region as a sink for CO2, 

Four stations were occupied on the transit leg from Los Angeles to Dutch Harbor to test the 

CTD/rosette system. Another test cast was made in the Bering Sea during the transit from Dutch 

Harbor to the start of leg 1 of WOCE section P13 near the Kamchatka Peninsula. Fifty stations 

followed from the 200-m isobath southeastward down the continental slope, across the 

Kuril-Kamchatka Trench, then southward at 51.5°N along 165°E to 300 N. Nominal station spacing 

began at 30 miles but was increased to 40 miles south of 36°N after a series of delays. Concerns 

over the structural integrity of the RIV Vickers resulted in the termination of leg 1 several days prior 

to the scheduled date, and an emergency steam into Kwajalein. After an extended period of time in 

port for the evaluation and repair of the ship, the section was resumed with leg 2. With the time 

remaining, 33 stations were occupied between 300 N and 5 0 S along 165°E at 2-degree spacing north 



of 4°N with closer spacing south of 4 ON and between 19-22°N. Figure 1 shows station locations, 

where leg 1 stations are indicated by a triangle and leg 2 stations are marked by a square. Table 1 

provides a summary of cast infonnation. 

2. STANDARDS AND PRE-CRUISE CALIBRATIONS 
The Neil Brown Mark IIIb CTDI02 profiler is designed to make precise, high resolution 

measurements of conductivity, temperature, and pressure in the ocean environment. Electrical 

conductivity of sea water is obtained using a miniature four electrode ceramic cell and highly precise 

and stable interface electronics. The EG&G conductivity sensor has a range of 1 to 65 mmho, an 

accuracy of ±0.005 mmho, resolution of 0.001 mmho, and stability of 0.003 mmholmonth. 

Temperature is determined using a platinum resistance thermometer. The Rosemount platinum 

thermometer has a range of -32° to 32°C, an accuracy of ±0.005 C (_3° to 32°C), resolution of 

0.0005°C, and stability of O.ool°C/month. Pressure is determined using a high performance 

stainless steel strain gauge pressure transducer. A thermistor within the pressure sensor housing 

corrects pressure values for the effects of temperature changes on the sensor itself. The Paine 

pressure sensor has a range of 0 to 6500 db, an accuracy of ±6.5 db, resolution of 0.1 db, and 

stability of 0.1 %/month. A Beckman polarographic dissolved oxygen electrode measures oxygen 

current and oxygen temperature. Data from the underwater unit is transmitted in real time to a 

shipboard data terminal through a 3-conductor electro-mechanical cable. The data is in TELETYPE 

(TTY) format and uses a frequency shift key (FSK) modulated signal superimposed on the DC 

power supplied to the underwater unit. 

Pre-cruise calibrations were done at EG&G Marine Instruments in Cataumet, Massachusets 

(Millard et al., 1990). Temperature" calibrations were determined using a 20-gallon Tronic Model 

CTB-l000A temperature bath and Model ATB-1250 Automatic Thermometer Bridge. Data were 

collected using a desk top computer at 0, 15, and 30°C, averaged for 1 minute at each temperature 

and a line was fit to these values. Conductivity calibrations were performed using four saltwater 

baths at room temperature, each of different salinities resulting in a conductivity range from 30 to 

60 mmho. A correction was made to take into account the difference in thermal coefficient of linear 

expansion of the alumina CTD cell relative to the quartz conductivity cell on the Model CSA-1250 

Conductivity Salinity Adaptor. A line was fit to these values. Pressure calibration of the CTD was 

performed by connecting a stainless steel pipe from the dead-weight tester to the CTD pressure port 

or directly to the pressure transducer. Weights were added or removed to generate pressures in 

ascending and descending increments for three calibration cycles. A third order polynomial was fit 

to five pressure values ranging from 0 to 6067 db. 

The conductivity sensor usually drifts significantly from pre-cruise calibrations with use and 

is most accurately calibrated using in situ water sample salinities. Immediately prior to tripping the 

rosette, values of pressure, temperature, conductivity, oxygen current, and oxygen temperature were 
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recorded from the CTD deck unit. These upcast CTD values are usually used for comparison with 

sample salinity values. 

3. DATA ACQUISITION 
PMEL's Neil Brown CTD/02 SIN 1111 (sampling rate 31 Hz) and a General Oceanics 

36-bottle rosette were used for the majority of 88 stations. PMEL's Neil Brown CTD/02 SIN 1112 

(sampling rate 31 Hz) and a General Oceanics 12-bottle rosette were used at five stations made 

during bad weather. Casts were made to within a nominal distance of 50 m from the bottom using 

a Benthos acoustic pinger mounted low and opposite the CTD sensor arm on the frame. The position 

of the package relative to the bottom was monitored on the ship's Precision Depth Recorder (PDR). 

A bottom depth was estimated from bathymetric charts and the PDR ran throughout the cast. 

Ten-liter Niskin bottles were used to collect water samples on the large package; 4-1iter Niskins 

were used on the bad weather package. Samples were drawn for salinity, oxygen, nutrients, CFCs, 

radiocarbon, helium, tritium, total CO2, and alkalinity. 

The package entered the water and was lowered at a rate of 30 mlmin for the first 50 m. To 

reduce the chance of contamination in the bottles, the package was not soaked near the surface prior 

to descent. Speed was increased at 50 m to 45 mlmin, and increased again at 200 m to 60 mlmin. 

Ship roll sometimes caused substantial variation about these mean lowering rates. After retrieval of 

the package, sensors were flushed with fresh water and a plastic cover was placed around the sensor 

arm and filled with fresh water. 

A Neil Brown Mark III deck unit received the FSK signal from the CTD and displayed 

pressure, temperature, conductivity, oxygen current, and oxygen temperature values. An analog 

signal was forwarded from the deck unit to an XYY' recorder that monitored the data acquisition 

in real-time for signal spiking and problems with the electrical termination. An audio signal was 

backed up to video cassette. Digitized data were forwarded to a 286-AT personal computer equipped 

with EG&G Oceansoft acquisition software version 2.02 and backed up onto cartridge tape. Data 

files were transferred to a microV AX II where PMEL's standard processing and plotting software 

were installed. Plots were generated after each cast to check for problems and monitor sensor drift. 

Backups of the raw and processed data were made on TK50 cartridge tapes and returned to PMEL. 

3.1 Data Acquisition Problems 
A considerable amount of time was lost during the cruise owing to unplanned transit time 

resulting from the premature break of the line at 30o N, steaming to resume the line at 28°N, 

extended port stops, and delays along the cruise track because of ship's mechanical problems and 

bad weather. Additional time was lost on station owing to conducting cable and wire termination 

problems and deficiencies in the ship's Precision Depth Recorder (PDR). 

Of the 83 stations along the line, during 22 the PDR bottom trace was indiscernable or the 

sweeps were not annotated. For stations 6-50, maximum CTO depths plus POR heights off the 
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bottom were generally greater than the corrected PDR depth values by an average of 14 m (s.d. 

37 m). For stations 51-68, maximum CTD depths plus PDR heights off the bottom were all much 

less than corrected PDR depths by an average of 138 m (s.d. 53 m). For stations 69-88 maximum 

CTD depths plus PDR heights off the bottom were an average of 4 m greater than the corrected PDR 

depths (s.d. 23 m). This behavior may be owing to mis-adjustments to the PDR settings. 

The newly-designed General Oceanics Model 1016 36-position rosette sampler performed 

relatively well. The sampler provides real-time information on the position of the release lever and 

allows bottles to be closed in any order desired. Although a bottle or two sometimes failed to close 

properly during casts owing to sticky release pins on the underwater pylon, these problems could 

normally be diagnosed immediately from information sent from the underwater unit to the deck unit. 

This information gave the CTD operator the option of choosing to release another bottle at that depth 

if desired. 

Station 53 was aborted at 2200 db owing to a deteriorating electrical termination. Due to an 

operator oversight, CTD data were lost for this cast and the audio backup was unrecoverable. 

Samples were collected during the upcast. however. and a bottle file exists for this station. At station 

60. the package was put on the bottom. No samples were collected during the upcast. 

3.2 Salinity Analyses 
Bottle salinity analyses were performed in a climate-controlled van using two Guildline 

Autosal Model 8400A inductive salinometers and IAPSO Standard Seawater from Wormley batch 

Pl14. The commonly accepted precision of the Autosal is 0.001 psu. with an accuracy of 0.003 psu. 

The Autosals were standardized before each run and either at the end of each run or after no more 

than 48 samples. The drift during each run was monitored and individual samples were corrected 

for the drift during each run by linear interpolation. Bottle salinities were compared with computed 

CTD salinities to identify leaking bottles. as well as to monitor the conductivity sensor performance 

and drift. Calibrated CTD salinities replace missing bottle salinities in the hydrographic data listing 

and are indicated by an asterisk. Bad bottle .values have not been flagged in this report. 

4. POST-CRUISE CALIBRATIONS 
Several files were combined to produce the .CAL calibration file for each CTD/02 package: 

l11n_ALL.CAL = raw P, raw T, raw C, OXC, OXT 

Bottle salinities were received from D. Greeley in file SAL2_88.DAT. It was decided post-cruise 

to back off any NRCC corrections applied at sea. SAL2_88.DAT was broken into 1111_ALL.SAL 

and ll12_ALL.SAL. Bottle salinities were added to CTD/02 data using program ADDSAL: 

l11n_ALL.OUT = raw P, raw T, raw C, OXC, OXT, so 
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Bottle oxygens were received from K. Hargreaves in file 02_FINAL.DAT. Program OXYMLL 

converted the data from J.lmoVl to mVl and output file 02_FINAL.MLL. 02_FINAL.MLL was 

broken into 111 LALL.MLL and 1112_ALL.MLL. Bottle oxygens were added to .OUT files using 

program ADDOXY: 

llln_ALL.FIN = raw P, raw T, raw C, OXC, OXT, SO, 02 

Files .FIN were edited so records existed for all 36 (or 12) bottles of each cast whether 

samples were collected or not. This was done to account for each bottle in the WOCE .SEA file. For 

CTD/02 SIN 1111, 1111_FIN.CAL contained stations 2, 4-27,29-42,47-52,54-59.61-88 and 

therefore ndata = 79 casts*36 bottles = 2844. Since there were no CTD/02 data for station 53 owing 

to operator error, but its bottle data needed to be accounted for. CAST53.CAL was carried through 

the conductivity calibration scheme independently. The CTD values listed in CG 192B053.BOT file 

are from the upcast. For CTD/02 SIN 1112. 1112_FIN.CAL contained casts 3. 28. 43-46 and 

therefore ndata = 6 casts*12 bottles = 72. 

4.1 Pressure 

Program PBIAS was introduced into the calibration stream to correct for th~ pressure 

hysteresis between up and down pressure calibrations following Millard and Yang (1993). PBIAS 

reads CALIB.DAT for calibration coefficients and CGC92.HDR for maximum cast pressure and 

computes a corrected P using the following equation: 

P = P(up)*(1-W)+P(dn)*W 

W = exp(-(P(bottom)-P(dn»/Z 

where P is the derived uptrace pressure. P(up) is the pressure value scaled with the uptrace 

calibration polynomial. P(dn) is the pressure value scaled with the downtrace calibration polynomial, 

P(bottom) is the maximum pressure of the station, and Z is 300 db. PBIAS writes: 

llln_PCOR.CAL = raw P, cal P, raw T, raw C, axc, OXT, SO, 02 

For CTD/02 SIN 1111, uptrace and downtrace scaling coefficients were the averages of pre

(EG&G) and post-cruise (NW Regional Calibration Center, NRCC) pressure calibrations and were 

applied as follows in program PBIAS: 

P = E + D * PRA W + C * PRA W2 + B * PRA W3 

where 
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E 
P(DOWN): -2.0048 
P(UP): -2.6546 

D 
.9968708 
.9938283 

C 
0.159752E·5 
0.28 1 344E·5 

B 
-O.1804412E·09 
-O.2951405E-09 

The differences between pre- and post-cruise pressure calibrations were 4-6 db, mostly a bias. 

Program MATCH searched downtrace .CTD files output from EPCTD92 and matched PBIAS 

calibrated uptrace pressures with DLAGA VZ calibrated downtrace pressures (no pressure 

calibration was applied in EPCTD92). Downtrace values replaced uptrace values for pressure (as 

well as temperature and conductivity) in the .CAL and subsequent bottle files. 

PBIAS was not used with CTD/02 SIN 1112 data because the up and down pressure 

calibration coefficients from EG&G in June of 1992 were very similar. Up and down pressure values 

for CTD/02 SIN 1112 were scaled with pre-cruise (EG&G) coefficients in program CALMSTRW 

for uptrace data and DLAGA VZ for downtrace data. No additional pressure calibrations were 

applied in EPCTDW. 

P(DOWN) = P(UP): 

4.2 Temperature 

E 

-0.18188 

D 

.9955384 

C 

0.194715E-5 

B 

-0.2006 1 94E-09 

Final temperature calibrations for CTD/02 SIN 1111 were the averages of pre- (EG&G) and 

post-cruise (NRCC) coefficients and applied in DLAGA VZ as follows: 

T=E+D*TRAW 

w~ere E = -OJ)()22 and D = 0.9999610. The differences between pre- and post-cruise temperature 

calibrations were 0.3 mOC at O°C and 0.7 mOC at 30°C. No additional calibrations were applied in 

EPCTD92 and it was these downtrace temperature values that replaced uptrace temperature values 

in the .CAL and subsequent bottle files. 

Final temperature calibrations for CTD/02 SIN 1112 were pre-cruise (EG&G) coefficients, 

E = -0.00027 and D = 1.0000130, applied to uptrace data in CALMSTRW and downtrace data in 

DLAGAVZ. No additional temperature calibrations were applied in EPCTDW. 

4.3 Conductivity 
Because standard calibration strategies did not produce good results for CTD/02 SIN 1111, 

down trace CTD conductivities were used for the calibration to water sample data. Program MATCH 

read _PCOR.CAL and EPCTD92 .CTD files (raw, lagged, cell corrected conductivity) and matched 

up/down pressures. It then used downtrace calibrated P, calibrated T, and raw, lagged, cell corrected 

C to replace uptrace values in a _DOWN.CAL file: 
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1111_DOWN.CAL = raw P, cal P, cal T, raw C, OXC, OXT, SO, 02 

LINCAL92 reads _DOWN. CAL and computes a linear least squares fit between raw CTD 

conductivity and bottle conductivity. LINCAL92 does not apply P or T calibrations and does not 

correct CTD conductivity for the cell dependence as this was already done on downtrace data in 

EPCTD92. 

This cruise was divided into 9 groups and only bottles greater than 1500 db were used in the 

fits for CTD/02 SIN 1111 conductivity: 

LEG BIAS SLOPE STDDEV NPTS 
l111AD_DOWN.CAL = stations 6-11 1 0.0316455 0.999069 .0029 35 
II1IBD_DOWN.CAL = station 12 1 -0.0073853 1.000197 .0028 9 
1111 CD _DOWN .CAL = stations 13-18 1 -0.1287451 1.003862 .0021 82 
IIIIDD_DOWN.CAL = stations 19-36 1 -0.0424973 1.001208 .0016 239 
lIIIED_DOWN.CAL = stations 37-42 1 -0.0689275 1.001992 .0020 75 
IIIIFD_DOWN.CAL = stations 47-55 1 -0.0210941 1.000546 .0018 98 
IIIIGD_DOWN.CAL = station 56 2 -0.1231067 1.003531 .0009 13 
111lHD_DOWN.CAL = stations 57-74 2 -0.0442417 1.000821 .0021 216 
III lID_DOWN. CAL = stations 75-88 2 -0.0503203 1.000910 .0015 126 

Additional conductivity offsets were applied to 15 casts. This was done by regridding the 

poorly calibrated cast and an adjacent well calibrated cast according to potential temperature using 

EPIC (Soreide et al., 1995) utility CTDGRID with the AKIMA (shape-preserving) cubic spline 

option. The range of potential temperature varied between pairs of casts but was usually the deepest 

common increment of 0.2°C. The grid size was 0.01 °C. The mean difference in salinity between 

casts was computed using interactive program CTDDIFF. Then for each regridded scan of the poorly 

calibrated cast, a new conductivity was calculated using the value of salinity plus delta-salinity. The 

differences between the old and new conductivities were averaged using interactive program 

COMPUTE and added to the conductivity calibration bias applied: 

POOR GOOD MEAN MEAN THETA 
CAST CAST DELTA-S DELTA-C NAVG RANGE 

9 10 .0048 .0033 10 1.50-1.70 
14 16 -.0035 -.0029 12 1.13-1.28 
15 16 -.0037 -.0030 12 1.13-1.28 
18 19 .0013 .0011 7 1.10-1.20 
24 23 -.0044 -.0036 12 1.10-1.25 
54 55 -.0013 -.0011 18 1.05-1.25 
57 59 .0014 .0012 17 1.00-1.20 
58 59 .0022 .0018 17 1.00-1.20 
61 59 -.0019 -.0015 14 1.00-1.20 
64 55 -.0020 -.0016 15 1.05-1.25 
65 55 -.0028 -.0023 18 1.05-1.25 
68 67 -.0037 -.0030 13 1.12-1.28 
73 75 -.0019 -.0016 18 1.07-1.27 
74 75 -.0018 -.0015 18 1.07-1.27 
84 82 -.0232 -.0189 17 1.39-1.59 
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CALMSTR92 reads _DOWN. CAL and the best fit conductivity coefficients from a command 

file. CALMSTR92 does not apply P or T calibrations and does not correct CTD conductivity for cell 

dependence as this was already done on downtrace data in EPCTD92. CALMSTR92 applies the 

computed conductivity calibrations and writes _DOWN.CLB and _DOWN.SEA (bottle data listing 

in WOCE format). 

1111_DOWN.CLB = cal P, cal T, cal C, sal, SO, oxy, 02 etc. 

CALMSTR92 computes CTD oxygen and applies oxygen calibration coefficients read from the 

.CAL file header (originally from CALIBO.DAT). EPICBOMSTRW reads .CLB files and creates 

EPIC .BOT bottle files: 

CG092Bnnn.BOT cal P, cal T, theta, SO, 02, sigma-t, sigma-theta 

CTD-bottle conductivity differences used for the final fits are plotted against cast number to 

show the stability of the calibrated CTD conductivities relative to the bottle conductivities (Fig. 2 

upper panel). The entire set of CTD-bottle conductivity differences are plotted against pressure to 

show the tight fit below 1000 m and the increasing scatter above 1000 m (Fig. 2 lower panel). 

4.4 Oxygen 
OXDWN2W reads _PCOR.CAL header for oxygen, pressure, and temperature calibration 

coefficients. These values must be the same as those applied to downtrace data in DLAGA VZ (Le., 

CALIB.DAT). OXDWN2W reads _PCOR.CAL cast by cast and creates pressure, temperature, and 

bottle oxygen arrays. Pressure calibrations were not applied to CTD/02 SIN 1111 data as this was 

done by program PBIAS. Calibrations were however applied to temperature. OXDWN2W then 

reads an ASCII .CTD file output from DLAGA VZ and searches it for matching up/down 

temperatures that must be within a pressure range of ±30 db to be used in the calibration. 

OXDWN2W replaces up trace CTD P, T, OXC and OXT values with downtrace CTD P, T, OXC 

and OXT values. CTD oxygen is then computed using pre-cruise calibration coefficients from .CAL 

header and written to the .CLO file: 

1111_DOWN.CLO = cal P, cal T, OXC, OXT, bottle 02, CTD 02 

Program WEIGHT was written to duplicate scans in the .CLO file where pressure was greater 

than 1000 db in an attempt to fit a balanced distribution of shallow and deep samples. 

POXFITW reads .CLO and first omits scans where 1) the Weiss oxygen saturation value 

computed in OXDWN2W exceeds 10.0 m1!l, 2) bottle oxygen exceeds 1.2 times the Weiss oxygen 

saturation value, or 3) bottle oxygen is less than a minimum of .001 mVl. POXFITW then 
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determines CTO oxygen calibration coefficients by calculating a non-linear least-squares fit with 

6 varying parameters: oxygen current slope, oxygen current bias, pressure correction, temperature 

correction, internal/external temperature weighting, and oxygen lag. Scans for which the difference 

in CTO and bottle oxygen is greater than 2.8 times the standard deviation are discarded and the 

function is minimized again. Iterations continue until no scans are thrown out. POXFITW writes an 

.REJ file of scans not used in the final fit and .PAR: 

1111_DOWN.PAR = BOC, SOC, PCOR, TCOR, WT, OXLAG, STD DEV, NFIT 

This cruise was divided into 8 groups and bottles greater than 1000 db were duplicated for 

CTD/02 SIN 1111 oxygen: 

CASTS 5-7, 3 CASTS STD DEV=0.66592E-Ol NSCANS 50 DOX=O.l86 
BIAS SLOPE PCOR TCOR WT 

-0.008 3.526 0.1 689E-03 -O.8151E-0l 0.4738E+OO 

CASTS 8-22, IS CASTS STD DEV=0.46418E-OI NSCANS 480 DOX=O.l30 
BIAS SLOPE PCOR TCOR WT 
O.OlD 3.373 0.1516E-03 -O.4973E-OI 0.7491E+OO 

CASTS 23-27, 5 CASTS STD DEV=0.34275E-Ol NSCANS 133 DOX=0.096 
BIAS SLOPE PCOR TCOR WT 
0.016 3.439 0.1406E-03 -O.5283E-OI 0.8348E+OO 

CASTS 29-36, 8 CASTS STD DEV=0.SI974E-OI NSCANS 228 DOX=0.146 
BIAS SLOPE PCOR TCOR WT 
0.012 3.269 O.lS37E-03 -O.4090E-OI 0.9113E+OO 

CASTS 37-42, 6 CASTS STD DEV=0.57043E-OI NSCANS 171 DOX=O.l60 
BIAS SLOPE PCOR TCOR WT 
O.OlD 3.166 0.1595E-03 -O.3693E-OI 0.6870E+OO 

CASTS 47-S9, 12 CASTS STD DEV=0.97325E-Ol NSCANS 375 DOX=O.273 
BIAS SLOPE PCOR TCOR WT 
0.015 2.990 0.1643E-03 -O.3174E-OI 0.7699E+00 

CASTS 61-69, 9 CASTS STD DEV=0.48878E-OI NSCANS 302 DOX=0.137 
BIAS SLOPE PCOR TCOR WT 
0.008 3.217 0.1594E-03 -O.340SE-0l 0.7525E+OO 

CASTS 70-88, 19 CASTS STD DEV ;;:0.46279E-0 1 NSCANS 626 DOX=0.130 
BIAS SLOPE PCOR TCOR WT 
0.022 3.049 0.1650E-03 -O.31S7E-OI 0.6893E+OO 

OXLAG 
0.1216E+02 

OXLAG 
0.1263E+02 

OXLAG 
0.41 87E+Ol 

OXLAG 
0.2319E+00 

OXLAG 
0.8 I 68E+Ol 

OXLAG 
0.3878E+00 

OXLAG 
0.2933E+00 

OXLAG 
0.5506E+00 

CALOX2W reads .CLO and .PAR and applies the oxygen calibration coefficients. 

CALOX2W writes _PLOT.CLO for use with OOXW.PPC to verify the success of the calibration: 

1111_PLOT.CLO cal P, cal T, OXC, OXT, bottle 02, cal CTD 02 
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Final oxygen calibration coefficients were included in EPCTD92 command files for downtrace 

data. Oxygen spikes were individually removed from many traces using EPIC utility CTDINTERP. 

CTDOXY was not included in the WOCE .SEA file; only bottle oxygen data in J.lmol/k:g. 

Program ADDTMP added oxygen pickling temperatures to the .CAL file. CALMSTRW _02 was 

modified to 1) read the pickling temperatures as well, 2) if there was no pickling temperature, use 

potential temperature, 3) compute sigma using function SV AN (CTD salinity, pickling temperature, 

0, sigma), 4) convert sigma to density: sigmall 000+ 1, and 5) convert bottle oxygens in mIll to 

J.lmollkg according to WOCE Hydrographic Operations and Methods (July 1991) section 3.3 

Conversion of Volumetric to Weight Concentrations: 

02 (J.lmol/k:g-sw) = 44.660 * 02 (mIll) / density sw 

where the value 44.660 equals (WOO/molar volume of oxygen gas at STP). Downtrace CTD oxygens 

are recorded in mIll. 

5. POST-CRUISE PROCESSING 

VIOODnnn.EDT = raw P, raw T, raw C, sign, OXC, OXT 

DPDNZ reads .EDT and computes a running fall rate over ±30 scans. DPDNZ writes .RECZ 

for record range and .DPZ: 

VIOODnnn.DPZ = raw P, raw T, raw C, sign, OXC, OXT, dpdn 

DLAGA VZ reads .DPZ and applies calibrations read from CALIB.DAT: 

III 1 6380 
-2.0048 .9968708 0.159752E-5 -0. I 804412E-09 P ON AVG93 
-2.6546 .9938283 0.281344E-5 -O.2951405E-09 P UP AVG93 
-0.0022 .9999610 0.OOOOOOE-6 0.OOOOOOOE-I0 T 68 AVG93 
-0.0107 1.0002100 0.OOOOOOE-6 O.OOOOOOOE-IO C JUN92 

11126380 
-0.18188 .9955384 0.194715E-5 -O.2006194E-09 P ON JUN92 
-0.18188 .9955384 0.194715E-5 -O.2006194E-09 P UP JUN92 
-0.00027 1.0000130 0.000000E-6 0.OOOOOOOE-I0 T 68 JUN92 
-0.00036 1.0000150 0.OOOOOOE-6 O.OOOOOOOE-IO C JUN92 

11146380 
20.44148 .9949346 0.120l44E-5 -O.828378E-1O P ON NOV 90 
17.88878 .9924060 0.2401IOE-5 -0.20 1636E-09 P UP NOV 90 
-0.00102 .9998243 0.OOOOOOE-6 O.OOOOOOE-IO T 68 NOV 90 
-0.00309 .9998623 0.OOOOOOE-6 0.OOOOOOE-I0 C NOV 90 
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For this cruise, post-cruise pressure and temperature calibration coefficients were the averages 

of pre- (EG&G) and post-cruise (NRCC) values for CTD/02 SIN 1111. 

1111 6 380 EG&G 
--0.0329 .9971750 0.155581 E-5 --O.1791408E-09 P DN JUN92 
--0.1008 .9943933 0.259377E-5 --O.2747487E-09 P UP JUN92 
--0.0006 1.0000170 0.OOOOOOE-6 O.OOOOOOOE-IO T 68 JUN92 
III I 6 380 NRCC 
-3.9767 .9965666 0.163923E-5 --O.1817416E-09 P DN FEB 93 
-5.2083 .9932633 0.303312E-5 --0.3 I 55322E-09 P UP FEB 93 
--0.0039 .9999050 0.OOOOOOE-6 O.OOOOOOOE-IO T 68 FEB 93 

Conductivity coefficients applied in DLAGA VZ were pre-cruise. DLAGA VZ also lags conductivty 

as follows: 

DO 1501=1,60 
XDATA(I,3)=(1-A)*XDATA(I,3)+A*Y(3) 

150 Y(3)=XDATA(I,3) 

where XDA TA(I,3) is calibrated conductivity and A=0.S7. Pre-cruise calibrations are then backed 

off for raw, lagged conductivity. DLAGA VZ writes an ASCII .CTD file: 

CGOnnn.CTD ~ cal P, cal T, OXC, OXT, raw, lagged C 

EPCTDW reads the ASCII .CTD and looks to its command file for additional calibrations to 

apply to P (none), T (none), and C (from LINCALW). EPCTDW corrects conductivity for cell 

material (alumina) deformation dependence on P and T as follows: 

CC = CR*(I-alpha*(DATA(2,L)-15.)+beta*(DATA(1,L)/3.» 

where DATA(1,L) is pressure, DATA(2,L) is temperature, alpha = 6.5E-06 and beta = 1.5E-OS. 

EPCTDW also reads default oxygen coefficients from its command file. EPCTDW writes EPIC 

.CTD: 

CG092Cnnn.CTD ~ cal P, cal T, raw, lagged, corrected C, cal 0 

EPCTD92 reads ASCII .CTD and looks to an EPCTD92 command file for additional 

calibrations to apply to P (none), T (none), C (from LINCAL92), and 0 (from POXFITW). 

EPCTD92 corrects conductivity for the cell's dependence on P and T as follows: 

CC = CR *(1-alpha*(DATA(2,L)-2.S)+beta*(DATA(1 ,L)-3000.) 
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where DATA(1,L) is pressure, DATA(2,L) is temperature, alpha = 6.5E-06 and beta = -1.3E-07. 

EPCTD92 writes to EPIC .CTD: 

CG092Cnnn.CTD = cal P, cal T, cal C, cal 0 

EPCTD92 .CTD files were searched by conductivity calibration program MATCH for 

downtrace P, T, and C values at matching uptrace T values within a matching pressure range of 

±30 db. Note that station 40 CTD downtrace is missing 0-29 db and station 88 is missing 0-55 db. 

Therefore 5 bottle stops had no match. 

A few casts used a modified version of EPCTD92 where the beta term differed from the 

majority. For cast 12, EPCTD92_12 used beta = -1.0E-07. For cast 56, EPCTD92_56 used beta = 

-1. 7E-07. And for cast 84, EPCTD92_84 used beta = 1.0E-07. Also, casts 2, 4, and 5 used 

EPCTDW with the old cell correction algorithm and normal beta term. 

Salinity and other standard variables were computed and the final EPIC .CTD files were added 

to PMEL's data base and used to produce data report plots and listings. The station depth given in 

an EPIC header is the corrected PDR bottom depth when available. The nominal sound speed of the 

pinger was 1463 mls and had to be corrected to 1500 mls post-cruise according to Matthews' Tables 

(Carter, 1980). PDR depths were then corrected for regional variations in sound speed according to 

Matthews' Tables. The depth scale for fathometer in meters used was 1 fathom = 1.8288 meters. 

6. DATA PRESENTATION 
The final calibrated data in EPIC format were used to produce the plots and listings which 

follow. The majority of the plots were produced using Plot Plus Scientific Graphics System (Denbo, 

1992). Tables 2-6 define the abbreviations and units used in the CTD/02 data summary listings. 

Vertical sections of potential temperature, salinity, and CTD oxygen are contoured with pressure 

as the vertical axis and latitude as the horizontal axis (Figs. 3-5). Nominal vertical exaggerations 

are 500: 1 below 1000 db (lower panels) and 1250: 1 above 1000 db (upper panels). Plots and 

summary listings of the CTD/02 data follow for each cast. All sample salinity and oxygen values 

are given including bad values, which are not flagged in this report. Hydrographic bottle data at 

discrete depths are listed in the final section. 
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C14 (radiocarbon) 
ADCP 

RAFOS floats/sound source 
ALACE floats 
Underway atmospheric/ 

B. Taft 
J. B ullister 
W. Jenkins 
J. Lupton 
W. Jenkins 
J. Bullister 
A. Dickson 
J. Downing 
C. Keeling 
K. Fanning 
P. Quay 
P. Quay 
R. Pinkel 
P. Hacker 
S. Riser 
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Leg 0 Leg I Leg 2 

Beth Plotkin, UW carbon monoxide x x 
Dale Ripley, UW RAFOS/CTD x 
Karl Newyear, UW RAFOS/CTD x 
Jim Butler, CMDL trace gases x x 
Jurgen Lobert, CMDL trace gases x x x 
Tom Baring, CMDL trace gases x x x 
Rob Pinkel, SIO ADCP x 
Eric Slater, SIO ADCP x 
Lloyd Green, SIO ADCP x 
Mike Goldin, SIO ADCP x 
Chris Neely, SIO ADCP x 
Amy Hsu, SIO ADCP x 
Craig Huhta, UH LADCP x 
Junshun Zhang, AS CFC x x x 
Lijun Han, AS chemistry x x x 
Jeff Benson, USC marine tech x x x 
George Onodera, USC marine tech x x x 
TOllY Arnold, USC electronics tech x x x 
,J,4ike Getscher, USC owner rep x 
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Table 1. Cfn cast summary. 

STH CAST LATITUDE LONGITUDE DATE TIME WID w/s DEPTH'" SST CAST 

f f T (kts) (m) (C) (db) 

1 1 36 37.8N 123 13.5W 7 AUG 92 442 323 18 3250 16.2 1997 

2 2 38 4.7N 124 49.9W 7 AUG 92 2207 295 15 3805 16.9 3503 

3 3 41 25.7N 128 52.2W 8 AUG 92 2332 313 10 3154 18.7 2500 

4 4 49 59.0N 144 59.0W 11 AUG 92 2218 222 14 4165 13.0 4288 

5 5 54 14.7N 171 44.6W 17 AUG 92 2024 142 30 3234 8.2 3309 

6 6 54 14.7N 161 6.0E 21 AUG 92 640 322 17 9.5 202 
7 7 54 13.1N 161 8.0E 21 AUG 92 827 573 9.2 504 

8 8 54 7.7N 161 9.8E 21 AUG 92 1114 296 22 8.7 1817 

9 9 54 2.6N 161 22.0E 21 AUG 92 1531 297 14 9.3 2600 

10 10 53 33.4N 162 3.7E 21 AUG 92 2250 225 5 3450 10.2 3529 

11 11 53 29.0N 162 10.4E 22 AUG 92 443 160 3 10.3 4704 

12 12 53 26.5N 162 22.4E 23 AUG 92 39 222 14 10.6 4777 

13 13 53 1.2N 162 53.8E 23 AUG 92 931 250 16 10.2 5949 
14 14 52 31.3N 163 35.2E 23 AUG 92 1940 236 30 5190 10.0 5252 

15 15 52 0.9N 164 17.3E 24 AUG 92 833 231 20 4913 9.9 5004 
16 16 51 29.7N 164 59.1E 24 AUG 92 1828 234 19 9.6 4858 
17 17 50 59.1N 164 57.7E 25 AUG 92 205 336 16 4845 9.5 4782 

18 18 50 30.8N 164 57.2E 25 AUG 92 942 276 16 5597 9.8 5670 

19 19 49 59.1N 165 O.lE 25 AUG 92 1738 310 13 5515 9.5 5581 

20 20 49 30.1N 165 0.7E 26 AUG 92 102 347 6 5515 9.9 5619 

21 21 48 59.6N 164 58.2E 26 AUG 92 853 252 2 5500 10.1 5669 

22 22 48 29.9N 165 1.0E 26 AUG 92 1627 280 7 5873 10.4 5949 

23 23 47 59.4N 165 O.lE 26 AUG 92 2356 288 9 5850 10.7 5949 

24 24 47 30.1N 165 0.2E 27 AUG 92 740 260 15 5905 10.8 5947 
25 25 46 59.8N 164 59.2E 27 AUG 92 1520 289 15 5873 11. 7 5949 
26 26 46 30.0N 165 1.1E 27 AUG 92 2247 295 17 5832 12.4 5947 
27 27 46 0.2N 165 O.OE 28 AUG 92 616 300 10 5782 13.4 5902 
28 28 45 29.8N 164 58.7E 28 AUG 92 1641 25 4 13.2 5003 
29 29 44 59.4N 164 58.8E 30 AUG 92 1744 280 15 5908 12.9 5950 
30 30 44 29.7N 165 0.6E 31 AUG 92 124 250 14 5919 14.1 5948 
31 31 44 0.2N 164 57.8E 31 AYG 92 847 251 4 5689 14.0 5803 
32 32 43 30.2N 165 1.1E 31 AUG 92 1612 200 8 5564 15.0 5658 

33 33 43 0.5N 165 O.OE 31 AUG 92 2322 171 12 5409 15.5 5517 

34 34 42 29.9N 164 59.4E lSEP 92 611 159 13 5008 15.7 5076 

35 35 42 0.7N 165 1. 9E 1 SEP 92 1300 180 17 4730 16.8 4922 

36 36 41 29.8N 165 0.5E lSEP 92 2040 172 22 18.8 4861 

37 37 41 1.3N 164 59.4E 2 SEP 92 429 170 22 5287 19.0 5361 
38 38 40 30.4N 165 0.6E 2 SEP 92 1323 252 13 5512 19.7 5600 
39 39 40 0.9N 165 0.2E 2 SEP 92 2107 104 2 5497 19.5 5576 
40 40 39 29.7N 165 1.1E 3SEP 92 459 285 8 5264 21.4 5325 
41 41 39 1.2N 165 1.2E 3 SEP 92 1229 189 12 5449 21.7 5488 
42 42 38 28.8N 165 2.4E 3 SEP 92 2023 190 19 4658 22.0 4676 
43 43 37 59.4N 165 0.4E 4SEP 92 1119 196 26 22.0 4702 
44 44 37 30.9N 165 l.lE 4 SEP 92 1924 190 20 21.3 3401 
45 45 37 0.9N 164 59.9E 5 SEP 92 357 188 17 21.7 4551 
46 46 36 31.8N 165 0.4E 5 SEP 92 1307 182 14 5574 22.8 5628 
47 47 36 0.8N 165 0.5E 5 SEP 92 2136 232 12 5501 23.2 5594 

48 48 35 21.6N 165 0.7E 6 SEP 92 646 148 15 25.3 4710 

49 49 34 42.0N 165 3.2E 6 SEP 92 1548 145 20 26.0 5649 

50 50 34 2.5N 165 3.2E 7 SEP 92 224 129 15 26.6 5751 

51 51 33 22.6N 165 0.9E 7 SEP 92 1454 118 14 6288 26.5 5949 

52 52 32 41.9N 165 loSE 8 SEP 92 153 128 16 6247 26.8 6116 

53 53 32 O.ON 165 0.4E 8 SEP 92 1343 109 18 27.2 2196 

54 54 31 19.6N 164 59.1E 9 SEP 92 1322 90 17 6053 27.1 5916 

55 55 30 41.3N 164 58.5E 10 SEP 92 26 75 22 27.3 5581 
56 56 21 58.0N 165 0.6E 30 SEP 92 1259 34 15 27.6 5353 
57 57 21 19.2N 165 0.5E 30 SEP 92 2213 20 15 5773 27.6 5690 
58 58 20 39.9N 164 59.2E 1 OCT 92 742 313 6 5698 28.5 5633 
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Table 1. (continued) 

STN CAST LATITUDE LONGITUDE DATE TIME WID wls DEPTH* SST CAST 
f f T (kts) (m) (C) (db) 

59 59 19 59.3N 165 0.3E 1 OCT 92 1645 295 15 5491 28.6 5415 
60 60 19 18.9N 165 0.4E 2 OCT 92 40 1670 
61 61 19 32.2N 165 2.2E 2 OCT 92 1332 210 20 28.7 4548 
62 62 18 39.9N 164 35.9E 2 OCT 92 2329 209 15 5403 28.8 5150 
63 63 24 2.6N 164 59.1E 4 OCT 92 811 155 20 27.1 5705 
64 64 26 1.7N 165 3.9E 5 OCT 92 502 155 18 26.4 4402 
65 65 28 2.0N 165 O.OE 5 OCT 92 2159 153 21 5925 26.1 5544 
66 66 16 0.5N 164 59.5E 8 OCT 92 1448 82 24 5388 28.6 5112 
67 67 14 0.5N 164 59.4E 9 OCT 92 700 160 18 5477 28.9 5317 
68 68 12 35.3N 165 22.0E 9 OCT 92 2329 88 27 5024 28.9 4758 
69 69 10 0.5N 165 O.lE 10 OCT 92 2001 185 16 5106 29.2 5139 
70 70 8 0.2N 165 0.3E 11 OCT 92 1050 180 7 5229 29.6 5262 
71 71 6 0.2N 165 LIE 12 OCT 92 126 45 5 5605 29.9 4939 
72 72 4 O.lN 165 0.3E 12 OCT 92 1502 95 10 4480 4486 
73 73 3 O.lN 164 59.6E 12 OCT 92 2349 100 14 4228 29.8 4279 
74 74 1 59.8N 164 59.4E 13 OCT 92 807 80 10 4173 30.0 4225 
75 75 1 30.2N 164 59.2E 13 OCT 92 1451 65 10 4264 4308 
76 76 1 O.ON 164 59.2E 13 OCT 92 2102 80 7 4326 30.2 4377 
77 77 0 30.3N 164 59.0E 14 OCT 92 330 95 6 4366 30.5 4423 
78 78 0 1.4N 164 54.4E 14 OCT 92 1605 300 7 4315 30.1 4431 
79 79 0 29.98 164 59.9E 14 OCT 92 2150 261 10 4424 29.9 4483 
80 80 0 59.58 164 59.6E 15 OCT 92 410 174 12 4430 30.2 4487 
81 81 1 29.98 164 59.2E 15 OCT 92 1054 210 10 4454 30.1 4501 
82 82 1 59.88 164 55.5E 15 OCT 92 1716 200 16 4479 30.5 4519 
83 83 2 47.88 164 54.8E 16 OCT 92 137 132 15 3329 30.1 3277 
84 84 3 11.48 164 43.6E 16 OCT 92 725 161 14 3728 30.2 3782 
85 85 3 34.3S 164 32.4E 16 OCT 92 1306 30 17 3292 30.2 3320 
86 86 3 58.58 164 21.5E 16 OCT 92 1752 20 15 2195 30.2 2225 
87 87 4 21.68 164 10.4E 16 OCT 92 2231 46 14 2372 30.1 2392 
88 88 4 44.9S 164 0.2E 17 OCT 92 312 152 11 1834 29.9 1836 

* For stations 51 through 68, bottom depths are suspected to be deep by 
an average of 138 m owing to PDa problems (see text) . 
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Figure 2. Calibrated CTD-bottle conductivity (mmho/cm) differences plotted against cast number (upper panel). 
Calibrated CTD-bottle conductivity (mmho/cm) differences plotted against pressure (lower panel). 
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TABLE 2. Weather condition code used to describe each set of CTD measurements. 

Code 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Code 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Weather Condition 

Clear (no cloud) 
Partly cloudy 
Continuous layer(s) of cloud(s) 
Sandstonn, dust stonn, or blowing snow 
Fog, thick dust or haze 
Drizzle 
Rain 
Snow, or rain and snow mixed 
Shower(s) 
Thunderstonns 

TABLE 3. Sea state code used to describe each set of CTD measurements. 

Height (meters) Description 

0 Calm-glassy 
0-0.1 Calm-rippled 
0.1-0.5 Smooth-wavelet 
0.5-1.25 Slight 
1.25-2.5 Moderate 
2.5-4 Rough 
4-6 Very rough 
6-9 High 
9-14 Very high 
>14 Phenomenal 
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TABLE 4. Visibility code used to describe each set of CTD measurements. 

Code 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Code 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
X 

Visibility 

<50 meters 
50-200 meters 
200-500 meters 
500-1,000 meters 
1-2km 
2-4km 
4-lOkm 
10-20 km 
20-50km 
50kmormore 

TABLE 5. Cloud type. 

21 

Cloud Types 

Cirrus 
Cirrocumulus 
Cirrostratus 
Altocumulus 
Altostratus 
Nimbostratus 
Stratocumulus' 
Stratus 
Cumulus 
Cumulonimbus 
Clouds not visible 



Code 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE 6. Cloud amount. 

Cloud Amount 

o 
1/10 or less but not zero 
2110-3/10 
4/10 
5/10 
6/10 
7110-8/10 
9/10 
10/10 
Sky obscured or not determined 
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