CTD Operations

The basic CTD measurements consisted of salinity and dissolved oxygen measurements made from water samples taken on CTD/rosette casts, plus pressure, temperature, salinity, dissolved oxygen, pH, and several optical parameters from CTD profiles.  A total of 45 CTD/rosette casts were made, usually to within 20 m of the bottom.  The bottle distributions of water samples taken are shown in Figures 1-3.
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Figure 1: Bottle locations for 26.5ºN Deep Western Boundary Current section east of Abaco Island.
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Figure 2: Bottle locations for along the Northwest Providence Channel section.[image: ]
Figure 3: Bottle locations for the 27ºN section in the Florida Straits.
i. CTD Electronics and Water Sampling Package
CTD/rosette casts were performed with a package consisting of a 24-place, 10-liter rosette frame (AOML’s green frame), a 24-place water sampler (SBE32) and 24, 10-liter Bullister-style bottles.  This package was deployed on all stations/casts.  Underwater electronic components consisted of a Sea-Bird Electronics (SBE) 9 plus CTD with dual pumps and the following sensors: dual temperature (SBE3), dual conductivity (SBE4), dual dissolved oxygen (SBE43), and a Simrad 807 altimeter. The other underwater electronic components consisted of two RDI LADCPs and a Wet Labs ECO fluorometer.

The CTD’s supplied a standard Sea-Bird format data stream at a data rate of 24 frames/second.  The SBE9 plus CTD was connected to the SBE32 24-place pylon providing for single-conductor sea cable operation.  Power to the SBE9 plus CTD, SBE32 pylon, auxiliary sensors, and altimeter was provided through the sea cable from the SBE911plus deck unit in the computer lab.  The rosette system was suspended from a UNOLS-standard three-conductor 0.322" electro-mechanical sea cable.

The CTD was mounted vertically attached to the bottom center of the rosette frame. All SBE4 conductivity and SBE3 temperature sensors and their respective pumps were mounted vertically as recommended by SBE outboard of the CTD. The CTD was outfitted with dual pumps. Primary temperature, conductivity, and dissolved oxygen were plumbed on one pump circuit and secondary temperature and conductivity on the other. Pump exhausts were attached to outside corners of the CTD cage and directed downward. The altimeter was mounted on the inside of a support strut adjacent to the bottom frame ring.  The LADCPs were vertically mounted inside the bottle rings with one 150 kHz pointing down, the other 300 kHz transducer pointing up.  The R/V Endeavor’s aft CTD winch was used with the 24-place 10-liter rosette for all station/casts. 

The deck watch prepared the rosette typically within a few minutes prior to each cast.  All valves, vents, and lanyards were checked for proper orientation. The bottles were cocked and all hardware and connections rechecked.  Once on station, the syringes were removed from the CTD sensor intake ports.  As directed by the deck watch leader, the CTD was powered-up and the data acquisition system started.  The CTD package was put in the water and taken down to 10 m for 2-3 minutes to remove any air bubble from the sensor lines and to make sure the sensors were behaving appropriately.  The rosette was left on deck for sampling.  The bottles and rosette were examined before samples were taken and anything unusual noted on the sample log.

Routine CTD maintenance included soaking the conductivity and DO sensors in a solution of de-ionized water as recommended by Sea-Bird between casts to maintain sensor stability.  Rosette maintenance was performed on a regular basis.  O-rings were changed as necessary and bottle maintenance was performed each day to insure proper closure and sealing. Valves were inspected for leaks and repaired or replaced as needed.
[bookmark: _Toc192518926]
a. System Problems

Station 1: Secondary conductivity, S/N 2973, failed at the bottom of the cast, ~ 300 m of depth.  The new secondary conductivity sensor is S/N 3861.

Station 8: The lanyards were lined up wrong with 24 as ‘1’.  We only sampled bottles 1 – 8. Therefore, the bottom bottle, 24, was not sampled. 

The secondary oxygen started to look noisy once the deep stations started (>1500m) and progressively got worse through station 15.  The secondary pump (S/N 5416) and oxygen sensor (S/N 2082) were swapped out before station 16.  This did not correct the issue.  Next the secondary oxygen cable was swapped out.  However, this still did not correct the noise issue.  The sensors ended up being in the opposite channels of the normal orientation.  This caused the primary oxygen sensor to be plotted on the secondary plot window and vise versa.  As a result the secondary oxygen was actually the good sensory, while the primary (being plotted on the secondary plot window) was the noisy sensor.  

Station 25 we replaced the primary oxygen sensor, S/N 1348, with the original secondary oxygen sensor, S/N 2082. 

The secondary conductivity sensor continued to be problematic. Finished the Abaco line and replaced S/N 3861 with S/N 1335 for station 35 onward. 

Swapped the secondary temperature S/N 5140 for S/N 1692 for station 35.  This was done to trouble shoot the T-difference offset.  The secondary temperature sensor had a drift +0.002 (shifting warm in the deep water) relative to the primary temperature at depths > 2000m.
















	Instrument
	S/N
	Stations Used
	Sensor Use
	Pre-Cruise
Calibration
	Comment

	
Sea-Bird SBE32 24-place Carousel Water Sampler
	3261831 - 0824
	1-45
	
	
	

	Sea-Bird SBE9plus CTD
	1035
	1-45
	
	
	

	Paroscientific Digiquartz Pressure Sensor
	119631
	1-45
	
	06/18/11
	

	Sea-Bird SBE3plus Temperature Sensor
	4799
	1-45
	Primary
	08/15/12
	

	Sea-Bird SBE3plus Temperature Sensor
	5140
	1-34
	Secondary
	08/15/12
	Changed to try to find T-difference offset

	Sea-Bird SBE3plus Temperature Sensor
	1692
	35-45
	Secondary
	08/15/12
	

	Sea-Bird SBE4C Conductivity Sensor
	3854
	1-45
	Primary
	0815/12
	

	Sea-Bird SBE4C Conductivity Sensor
	2973
	1
	Secondary
	06/03/12
	Completely failed 40 m from bottom

	Sea-Bird SBE4C Conductivity Sensor
	3861
	2-34
	Secondary
	0815/12
	Cutting out for 200+ m in station 27,34

	Sea-Bird SBE4C Conductivity Sensor
	1335
	35-45
	Secondary
	0815/12
	

	Sea-Bird SBE43 Dissolved Oxygen
	1348
	1-24
	Primary
	07/03/12
	Noisy below 1000 meters

	Sea-Bird SBE43 Dissolved Oxygen
	2082
	1-15

24-45
	Secondary
 
Primary
	05/01/12
	Thought to be bad, but was primary instead.  Then put back on as primary

	Sea-Bird SBE43 Dissolved Oxygen
	1266
	16-45
	Secondary
	
	

	PhOD RDI 150 ADCP
	
	1-34
	Downward
	
	

	RSMAS RDI 150 ADCP
	18144
	34-45
	Downward
	
	

	PhOD 300 ADCP
	14442
	1-45
	Upward
	
	

	Sea-Bird SBE5T Pump
	1211
	1-42
	Primary
	
	Possibly bad

	Sea-Bird SBE5T Pump
	1027
	43-45
	Primary
	
	

	Sea-Bird SBE5T Pump
	5416
	1-15
	Secondary
	
	Was swapped out as part of O2 voltage mix up

	Sea-Bird SBE5T Pump
	1072
	15-45
	Secondary
	
	

	Simrad 807 Altimeter
	
	1-45
	
	
	

	Wet Labs Fluorometer
	472
	1-45
	
	
	


Table 1:  Equipment used during the cruise.

ii. Real-Time CTD Data Acquisition System
The CTD data acquisition system consisted of an SBE-11plus (V1) deck unit and a networked generic PC workstation running Windows 2000.  SBE Seasave software version 7.21b was used for data acquisition and to close bottles on the rosette.
The console watch initiated CTD deployments after the ship stopped on station.  The watch maintained a console operations log containing a description of each deployment, a record of every attempt to close a bottle and any pertinent comments.
The deck watch leader directed the winch operator to raise the package, the squirt boom and rosette were extended outboard, and the package quickly lowered into the water and submerged to 10 meters of wire out.  No tag lines were necessary for either deployments or recoveries during this cruise.  The CTD sensor pumps were configured with a 60 second startup delay.  The CTD console operator waited for the CTD sensor pumps to turn on, waited an additional 60 seconds for sensors to stabilize (all together about 2 minutes), then directed the winch operator to bring the package close to the surface, pause for typically 10 seconds, hitting “Mark Scan” and begin the descent.  The profiling rate was no more than 30 m/min to 50 m, no more than 45 m/min to 200 m, and no more than 60 m/min deeper than 200 m depending on sea cable tension and the sea state. 
The console watch monitored the progress of the deployment and quality of the CTD data through interactive graphics and operational displays. Additionally, the watch created a sample log for the deployment that would be later used to record the correspondence between rosette bottles and analytical samples taken.  The altimeter channel, CTD pressure, wire-out and bathymetric depth were all monitored to determine the distance of the package from the bottom, usually allowing a safe approach to within 20 m.
On the up cast, the winch operator was directed to stop at each bottle trip depth.  The CTD console operator waited 30 seconds before tripping a bottle using a “point and click” graphical trip button.  The data acquisition system responded with trip confirmation messages and the corresponding CTD data in a rosette bottle trip window on the display.  All tripping attempts were noted on the console log.  The console watch then directed the winch operator to raise the package up to the next bottle trip location.
After the last bottle was tripped, the console watch directed the deck watch to bring the rosette on deck.  Once on deck, the console watch terminated the data acquisition, turned off the deck unit, and assisted with rosette sampling.

iii. Navigation and Bathymetry Data Acquisition
Navigation data were acquired by the database workstation at 1-second intervals from the ship’s GPS receiver beginning.  The ship conducted nearly continuous operations of bottom depth estimations using the Knudsen 12 kHz depth data streams recorded in the SCS system.

iv. Shipboard CTD Data Processing
Shipboard CTD data processing was performed automatically at the end of each deployment using SEABIRD SBE Data Processing version 7.21h and AOML Matlab processing software. The raw CTD data and bottle trips acquired by SBE Seasave on the Windows 2000 workstation were copied onto the CTD-PROC workstation, and processed to a 1-dbar series and a 1-second time series.  Bottle trip values were extracted and a 1-decibar (dbar) down cast pressure series created.  The Sea-Bird Data Processing for primary calibrated data (1 dbar averages) uses the following routines in order:
DATCNV - converts raw data into engineering units and creates a .ROS bottle file.  Both down and up casts were processed for scan, elapsed time(s), pressure, temperature 1 ITS-90 C, temperature 2 ITS-90 C, conductivity 1 S/m, conductivity 2 S/m, and oxygen voltage V, oxygen voltage V 2, altimeter, optical sensor, oxygen umol/kg and oxygen umol/kg 2.  Optical sensor data were not carried through the processing stream.  MARKSCAN was used to determine the number of scans acquired on deck and while priming the system to exclude these scans from processing.
· ALIGNCTD - aligns temperature, conductivity, and oxygen measurements in time relative to pressure to ensure that derived parameters are made using measurements from the same parcel of water.  Primary and secondary conductivity were automatically advanced by 0.073 seconds. 
· BOTTLESUM - created a summary of the bottle data.  Bottle position, date, and time were output automatically. Pressure, temperature, conductivity, salinity, oxygen voltage and preliminary oxygen values were averaged over a 2 second interval.
· WILDEDIT - computes the standard deviation of 100 point bins, and then makes two passes through the data.  The first pass flags points that differ from the mean by more than 2 standard deviations.  A new standard deviation is computed excluding the flagged points and the second pass marks bad values greater than 20 standard deviations from the mean.  For this data set, data were kept within a distance of 100 of the mean (i.e., all data).
· FILTER - applies a low pass filter to pressure with a time constant of 0.15 seconds.  In order to produce zero phase (no time shift), the filter is first run forward through the file and then run backwards through the file.
· CELLTM - uses a recursive filter to remove conductivity cell thermal mass effects from measured conductivity.  In areas with steep temperature gradients the thermal mass correction is on the order of 0.005 PSS-78.  In other areas the correction is negligible.  The value used for the thermal anomaly amplitude (alpha) was 0.03°C.  The value used for the thermal anomaly time constant (1/beta) was 7.0°C.
· LOOPEDIT - removes scans associated with pressure slowdowns and reversals.  If the CTD velocity is less than 0.25 m/s or the pressure is not greater than the previous maximum scan, the scan is omitted.
· DERIVE - uses 1 dbar averaged pressure, temperature, and conductivity to compute primary and secondary salinities.
· BINAVG - averages the data into 1 dbar bins.  Each bin is centered on an integer pressure value, e.g., the 1 dbar bin averages scans where pressure is between 0.5 dbar and 1.5 dbar.  There is no surface bin.  The number of points averaged in each bin is included in the data file.
· STRIP - removes the computed oxygen variable.
· TRANS - converts the binary data file into ASCII format.
· SPLIT - separates the cast into upcast and downcast values.
Package slowdowns and reversals owing to ship roll can move mixed water in tow to in front of the CTD sensors and create artificial density inversions and other artifacts.  In addition to Seasoft module LOOPEDIT, a program computes values of density locally referenced between every 1 dbar of pressure to compute N2 and linearly interpolates temperature, conductivity, and oxygen voltage over those records where N2 is less than or equal to -1 10-5 per s2. These data were retained but flagged as questionable in the final WOCE formatted files.
Final calibrations are applied to delooped data files.  ITS-90 temperature, salinity, and oxygen are computed, and WOCE quality flags are created.
CTD data were examined at the completion of each deployment for clean corrected sensor response and any calibration shifts.  As bottle salinity and oxygen results became available, they were used to refine shipboard conductivity and oxygen sensor calibrations.
A total of 45 casts were made.

v. CTD Calibration Procedures
Laboratory calibrations of the CTD pressure, temperature, and conductivity sensors were all performed at SBE. The calibration dates are listed in Table 1.  
Secondary temperature, conductivity and dissolved oxygen (T2, C2 and DO2) sensors served as calibration checks for the reported primary sensors.  During the cruise, it was determined that the primary sensor likely behaved more stably during the cruise.
In-situ salinity and dissolved O2 check samples collected during each cast were used to calibrate the conductivity and dissolved O2 sensors.
Only five sets of sensor combinations were used during the cruise as listed in Table 1.


vi. CTD Pressure

Pressure sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw pressure data during each cast.  Residual pressure offsets (the difference between the first and last submerged pressures) were examined to check for calibration shifts (see Figure 4 and Table 2). On deck pressures before the start of each cast was recorded and is plotted in Figure 4.  The on deck pressure before and after the cast were stable at 0.89 +/- 0.084 db, and 0.81 +/- 0.18 db respectively.

Near surface pressure values (which is taken as the near-surface pressure at the markscan and the last fired bottle pressure) showed relatively small variability (3.62+/- 0.44 db before and 3.41+/- 0.41 db after).

[image: ]
Figure 4: Near Surface pressure values include on deck (top) and just below the surface (bottom) before and after each CTD cast.


	station
	mark scan
	start pr
	end pr
	start sfc
btl prs
	end sfc 
btl prs

	 1
	9890
	1.0800
	1.1800
	3.3900
	3.3800

	 2
	12881
	1.0500
	1.1600
	3.0300
	3.0500

	 3
	9941
	0.9800
	1.0800
	3.3900
	3.2500

	 4
	15353
	1.0600
	1.0600
	3.4900
	3.5800

	 5
	15337
	0.9900
	1.1400
	3.1500
	3.0900

	 6
	13511
	0.9100
	0.6500
	3.0500
	2.9200

	 7
	14843
	0.8000
	0.7100
	2.6700
	3.7300

	 8
	11575
	0.9100
	1.0400
	3.8900
	3.6400

	 9
	9611
	1.0200
	1.0900
	3.7100
	3.9600

	10
	16872
	0.8800
	0.8200
	3.8300
	3.1200

	11
	9638
	0.8600
	0.8100
	3.2500
	3.3600

	12
	11033
	0.8400
	0.7200
	3.3700
	3.3300

	13
	6109
	0.7800
	0.7600
	3.4700
	3.2500

	14
	5800
	0.8400
	0.7900
	3.8500
	3.4700

	15
	10337
	0.8100
	0.7600
	3.1900
	3.0700

	16
	9703
	0.7400
	0.7800
	3.3200
	3.1700

	17
	10590
	0.9000
	0.8200
	3.6200
	3.7300

	18
	8920
	0.7900
	0.8200
	3.8600
	3.4100

	19
	12652
	0.7600
	0.7900
	3.9800
	3.8300

	20
	11033
	0.7900
	0.7800
	4.3700
	3.3100

	21
	11840
	0.7300
	0.7900
	3.1700
	3.0900

	22
	8912
	0.8200
	0.7600
	3.6600
	3.3800

	23
	9336
	0.8300
	0.7000
	3.3100
	3.5800

	24
	9983
	0.8100
	0.8000
	3.9300
	3.2700

	25
	8836
	0.9400
	0.8100
	2.3000
	3.0800

	26
	9697
	0.8800
	0.7600
	3.2200
	3.5300

	27
	11088
	0.8500
	0.7700
	3.5100
	3.3800

	28
	12625
	0.8900
	0.8100
	3.9300
	3.8000

	29
	8047
	0.9900
	0.7400
	3.7100
	3.2900

	30
	5829
	0.8100
	0.6300
	2.8700
	3.6200

	31
	11051
	0.9000
	0.8100
	3.8300
	3.2800

	32
	11699
	0.9200
	0.8000
	4.4400
	4.2900

	33
	7384
	0.9500
	0.7600
	3.6800
	3.1600

	34
	11116
	0.8600
	0.7200
	3.7700
	3.1100

	35
	12671
	0.9900
	0.6500
	3.6700
	3.6000

	36
	12039
	0.9300
	0.6300
	4.3300
	4.5300

	37
	7835
	0.9100
	1.2400
	3.4700
	3.6600

	38
	6778
	0.9200
	1.0700
	3.9600
	3.8400

	39
	8567
	0.9700
	1.1300
	3.8000
	4.0500

	40
	6590
	0.8900
	1.1400
	3.9800
	2.9200

	41
	11897
	0.9200
	1.1100
	2.9700
	3.8000

	42
	9989
	0.8600
	1.0600
	3.5300
	3.5500

	43
	23088
	0.9600
	1.1800
	3.1000
	3.4900

	44
	20232
	0.8600
	1.0500
	3.9700
	5.0000

	45
	23482
	0.8900
	1.0600
	3.9400
	3.7400


[bookmark: _Ref163929378][bookmark: _Toc192518946]Table 2:  Near surface pressure values and scan number used to remove surface soak and on-deck values.

vii. CTD Temperature

Temperature sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw primary and secondary temperature data during each cast.  Calibration accuracy was examined by comparing T1-T2 over a range of station numbers and pressures (bottle trip locations) for each cast.  For the entire cruise, only one set of temperature sensors were used, both tracked each other extremely nicely.  These comparisons are summarized in Figure 5, which shows a median temperature difference between the two sensors of 0.0006 ºC and a pseudo standard deviation of 0.006 ºC. 
[image: ]
Figure 5: Uncalibrated potential temperature sensor differences between primary and secondary sensors for pressures >=200 db.

viii. CTD Conductivity
Conductivity sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw primary and secondary conductivities. Comparisons between the primary and secondary sensors and between each of the sensors to check sample conductivities (conductivity calculated from bottle salinities) were used to derive conductivity corrections. Uncorrected C1-C2 are shown in Figure 6 to help identify sensor drift.  For the entire cruise, only one set of conductivity sensors were used, both tracked each other extremely nicely. The two sensors show a median difference of 0.00092 S/m and a pseudo standard deviation of 0.00064 S/m.
[image: ]
Figure 6: Uncalibrated conductivity differences between primary and secondary sensors for pressures >=200 db.

iv.	CTD Dissolved Oxygen
Two SBE43 dissolved O2 (DO) sensors were used on this leg (Table 1).  Both sensors tracked each other very well, with no noted problems.  The DO sensors were calibrated to dissolved O2 check samples by matching the up cast bottle trips to down cast CTD data along isopycnal surfaces, calculating CTD dissolved O2, and then minimizing the residuals using a non-linear least-squares fitting procedure. The fitting determined calibration coefficients for the sensor model conversion equation and proceeded in a series of steps. Each sensor was fit in a separate sequence. The first step was to determine the time constants for the exponential terms in the model. These time constants are sensor-specific but applicable to an entire cruise. Once the time constants had been determined, casts were fit individually to O2 check sample data.  The resulting calibration coefficients were then smoothed and held constant during a refit to determine sensor slope and offset.  Calibration accuracy was examined by comparing O1-O2 over a range of station numbers and pressures (bottle trip locations) for each cast.  For the entire cruise, only one set of oxygen sensors were used, both tracked each other extremely nicely (Figure 7).  The two sensors show a median difference of -2.96 μmol/kg and a pseudo standard deviation of 1.21 μmol/kg.

[image: ]
Figure 7: Uncalibrated oxygen differences between primary and secondary sensors for pressures >=200 db.


ix. Preliminary CTD Data Processing

The calibration of the CTD instruments will be completed after a recalibration of the sensors at Seabird following the cruise.  Primary, un-calibrated data is shown in Figures 8 to 13.

[image: ]
Figure 8: Potential temperature along the Abaco section.

[image: ]
Figure 9: Salinity along the Abaco section.

[image: ]

Figure 10: Potential temperature along the Northwest Providence section.


[image: ]
Figure 11: Salinity along the Northwest Providence section.

[image: ]
Figure 12: Potential temperature along the 27ºN Abaco section.

[image: ]
Figure 13: Salinity along the 27ºN Abaco section.



Discrete Salinity Sampling

[bookmark: _GoBack]A single Guildline Autosal, model 8400B, located in salinity analysis room, was used for all salinity measurements. The autosal used was provided by the R/V Endeavor. The salinometer readings were logged on a computer using Ocean Scientific International’s logging hardware and software. The Autosal’s water bath temperature was set to 24°C, which the Autosal is designed to automatically maintain. The laboratory’s temperature was also set and maintained to just below 24°C, to help further stabilize reading values and improve accuracy. Salinity analyses were performed after samples had equilibrated to laboratory temperature, usually at least 24 hours after collection. The salinometer was standardized for each group of samples analyzed (usually 2 casts and up to 50 samples) using two bottles of standard seawater: one at the beginning and end of each set of measurements. The salinometer output was logged to a computer file. The software prompted the analyst to flush the instrument’s cell and change samples when appropriate. For each sample, the salinometer cell was initially flushed at least 3 times before a set of conductivity ratio readings were taken.

IAPSO Standard Seawater Batch P-154 was used to standardize all casts.

The salinity samples were collected in 200 ml Kimax high-alumina borosilicate bottles that had been rinsed at least three times with sample water prior to filling. The bottles were sealed with custom-made plastic insert thimbles and Nalgene screw caps. This assembly provides very low container dissolution and sample evaporation. Prior to sample collection, inserts were inspected for proper fit and loose inserts replaced to insure an airtight seal. Laboratory temperature was also monitored electronically throughout the cruise. PSS-78 salinity [UNES81] was calculated for each sample from the measured conductivity ratios. The offset between the initial standard seawater value and its reference value was applied to each sample. Then the difference (if any) between the initial and final vials of standard seawater was applied to each sample as a linear function of elapsed run time. The corrected salinity data was then incorporated into the cruise database. When duplicate measurements were deemed to have been collected and run properly, they were averaged and submitted with a quality flag of 6. On WBTS – AB1209, 1139 salinity measurements were taken and approximately 60 vials of standard seawater (SSW) were used. A duplicate sample was drawn from each cast to determine total analytical precision.

The running standard calibration values are shown in Figure 29.  Through the course of the 17 day cruise, the autosal standards changed by 0.0001 in conductivity ratio (about 0.008 in salinity).

a. Recommend that in the future we bring a UPS clean power supply/conditioner. We discovered that we thought the room was equipped with clean power, but it is not.  A UPS/power conditioner should help reduce electrical noise.
b. Recommend that all AOML salinity bottles be renamed following PMEL convention of 1-24, 101-124, 201-224, etc.  This should reduce errors and issues on incomplete cast sampling issues, etc.

[bookmark: _Toc192518967][image: ]
Figure 29: Standard vial calibrations throughout the cruise.
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