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Introduction
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At the end of this course,
we will have covered

Setup, Configuration and Real Time Sampling with the SBE 9-11 plus
CTD System

- Review of SEASAVE and Configuration Files

Sources of error in CTD data

- Static Error (Calibration — brief overview)
- Dynamic Errors (More detailed discussion, sympto
- Sampling Errors (not correctable, ways to mini

Understanding Data Characteristics and
Steps to Achieve Highest Accuracy D

— Recognize a real problem versus
Troubleshooting

— Using Data to evaluate a

— Using instrument diag

— Field Repairs

Instructional
Open to
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Sea-Bird Resources

Brief Web
Boot Camp
SBE Traini
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Sea-Bird Website
www.seabird.com

Manuals:
— Instrument and Software manuals
— upload free from online
98+ Application Notes, by topic, sensor type/number
— i.e. App-Note 64-3 Hysteresis Corrections for Diss
FAQs — commonly asked questions
Software — upload from FTP site, Free!!!
— Update to be sure you have latest versi
Customer Service

— Service technicians can answer
problems and data processi

— Oceanography staff assi
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Sea-Bird Electronics, Inc. Phone: (425) 842-0866
13431 NE 20" Street Fax: (425) 643-0054
m Bellevue, WA 02005 E-mail: seabird@seabird.com
usA Web: www_seabird.com
AFPPLICATION NOTE NO. 15 September 2003

5 . TC Duct As bl d Plumbing Installati
Application Notes . e

Installation smd remeval of the TC (Temperatore-Conductivity) Duct Assembly on the SBE 3 temperature
sensor and SBE 4 conductivity sensor on an SBE 9/ 9pdus or SBE 25 SEALOGGER. CTD, when equipped
with the standard sensor mounting bracket.

+ Insmllation of system plumbing for the CTD with a pump and (optional) SBE 13 or SBE 23 Dissolved Oxygen
(DO) Sensor. Ses-Bird stopped selling the SBE 13 and 23 in early 2001, and began selling the SEE 43 DO
Sensor. The orientation / location of the SBE 43 differs from what is shown in this application note, although
the same parts are used for the plimbing; see Application Note 64-1 for plumbing installation for a system

*Instrument G

Bath the installation and remaoval procedures require slow, deliberate movements to avoid bresking the temperature
or conductivity sensor. Therefore, Ses-Bird recommends that you perform these procedures in a lab, not on deck.

Configuration =

E your conductivity sensor does mot have a conductivity tube support,
install the conductivity tube support kit (see Application Hote 36) before
installing the TC Duct and phimbing.

PN 50108 for titanium sensors

«Data Corrections

TC Duct Installation

Preparation
Parts Included in PN 90083 Kit that are Used for TC Duct
Installation

*Troubleshooting

- Tempasmsmmgmﬂassemb}y (rq)hcﬁmslmg

>
: Morrison seal 0.026 ID x 0.24 OD, installed in T Duct
% (%) Phillips-head mylon machine screws, 2-56 x Vs, =l
[ attaching T Duct to temperature sensor guard
Other relevant topics o S T 5 i
»  Flexible plastic (Tygon) tubing - 3 pisces:
Inmer Diameter |  Wall Approximate

| Tiscimess | Length
i 635 mm 0.76 mm 13 mm

(025 in) i) | @sn)
b 635 mm 3.18 mm 10 mm

©025@m) |@15m)| @375im)

1111 mm 1.59 mm 25mm 2
O7sR) |@osim)| M0m) | OEPEESEE | ouct assemoly
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FAQs
Frequently Asked Questions

EXAMPLES of General instrument questions

How do instruments that can be internally or externally powered handle
external power if internal batteries are installed?

For an RS-232 Sea-Bird instrument, what is the maximum cable length
for real-time data?

Why do some instruments have zinc anodes, while others do not?

What is Triton? Does it harm sensors? Do | need to purchase it from
Sea-Bird?

My CTD has a Digiquariz pressure sensor. Can | use it above its rated
pressure?

Why am | getting negative density values when testing the instrument?
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Updating Software

Descriptions
Sea-Bird FTP file descriptions
Instructions

Downloading (using your browser) and installing:
SEASOFT V2 (SBE Data Processing, Seasave V7,
Seasave-Win32, SEATERMV2, SEATERM,
SEATERMAF, Deployment Endurance Calculator,
Plot39)

SEASOFT for Waves - Win32

SEASOFT-DOS

SEASOFT for Waves - DOS

Downloading via FTP utility
Sending data to Sea-Bird
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Subset of Published Technical Papers and
Publications on SBE sensors:

Considerations for CTD Spatial and Temporal Resolution on Moving
Platforms
Carol Janzen, Sea-Bird Electronics, Inc.
Ocean News & Technology, Volume 15, Issue 6, September 2009.

Assessing the Calibration Stability of Oxygen Sensor Data on Argo
profiling floats using routine WOCE monitoring data from HOT
Carol Janzen and Nordeen Larson, Sea-Bird Electronics, Inc.

From Poster Presentation, 2008 Ocean Sciences Meeting, Orlando
Florida,2 - 7 March 2008.

Temperature Measurements in Flowing Water: Viscous Heating of Sensor
Iips Nordeen Larson and Arthur Pederson, Sea-Bird Electronics, Inc.
1st IGHEM Meeting, Montreal, Canada, June 1996

The Correction for Thermal-Laqg Effects in Sea-Bird CTD Data
Morison, J., R. Andersen, Larson, N., D'Asaro, E., and Boyd, T.,
Journal of Atmospheric and Oceanic Technology (JAOT),
V11(4), August 1994, 1151-1164.

Dynamic Response of Sea-Bird CTD Pressure Sensors to Temperature
Chiswell, S.M.,
Journal of Atmospheric and Oceanic Technology (JAOT),
V8(5), October 1991, p 659-668.
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Terms and Definiti
Commonly

10
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Terminology

« Time Constant (response time) — time to re
63% of step input change

« Sampling frequency or Sample rate
measurements per second (rep

» Accuracy (error) — reported v

« Resolution — smallest me

» Repeatability — differ
reapplied

* Precision —re
accuracy

Stabilit

11
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Reporting Temperature
Application Note 42

« Qutput and Report Temperature in ITS-9
— Calibration Reports show both sets of ¢

« Use IPTS-68 to compute salinity
— SBE software does this autom

« What is difference?

— |IPTS-68 Versus ITS-90..

— ITS-90 (1990) standards incl
SPRT, and ASL F18 Te

— Sea-Bird software a

Tes = 1.0002

12
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Reporting Salinity

« Qutput, report and archive Practical Salinity

 Practical Salinity Scale 1978 (App-No

— Adopted by UNESCO in January 1980 in effort to ob
repeatable salinity based upon electrical conductivi
(IPTS-68) and pressure measurements.

— All instruments delivered by Sea-Bird sinc
been supplied with calibration data bas

* Absolute Salinity 20

— Refers to the total m

— Algorithm used to
Salinity, Latitu

— SBE is dev

13
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SBEDataProcessing Software
Seawater Calculator: SeaCalc |l

&= SeaCalc I

Practical Salinity lAbsqute Salinity |

Use this tab to calculate Practical Salinity, as defined by the 1978 Practical Salinity Scale (P35 1378).

Fressure [dbar]  |0.000 Depth [salt water. m] = 0.000

Depth [fresh water. m] = 0.000

Temperature [ITS-68. deg C]  115.000000 Density [sigma-t, Kgfm™3] = 2597275
Density [sigma-theta, Ko/m™3] = 26 97275

Temperature [ITS-90, deg G |14.996401 Density [sigma-ref p, kg/m™3] = 26897276
Fotential Temperature [ITS-68, deg C] = 15.00000

Conductivity [S/m] W Sound Welocity [Chen-Millero, mys] = 1506.663

Sound Welocity Milsan, mfs] = 1507 392

Practical Salinity [PSU] W " Sound Velocity [DE|quSSD,Ame] = 1506.667
Specific Volume Anomaly [107-8* m™3/Kg] = 202.271

Cheygen Saturation, Weiss [mif] = 5.688

Feference Pressure [dbar]  |0.00 Grawity [rm/s™2] = 8760314

Latitude [deg] |00

Calculate | Exit | Help

14
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GO oL

What to Expect Inside -- SBE

21
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GO oL

It you Decide to Replace a Connec

* Remember to observe ESD preca

e After removing the damaged
remove all LocTite® resi

— Use wooden or plasti
available.

e Prepare the

22
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Connector Installation

e Connectors installed at
SBE are installed using
LocTite® 242 (Blue).

e This LocTite® is service -
removable, but when set, LocritE
i 242
will keep the connector ;
firmly in place.
e Use LocTite® or a
substitute thread-loc
when replacing

23
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Install Connector O-Ring

» Lightly lubricate the
connector O-ring
groove.

* Inspect and lubricate
the connector O-ring.

e Install the connector
O-ring.

24
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Install Connector

25
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* Check one last time for
any foreign matter that
may get caught under the
O-ring.

* Feed the wires through
and install the connector
vertically; this will allow
the LocTite® to wick up
the length of the threads as
1t 1s screwed 1in.

* Finger tighten the
connector.

26
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Incorrect use of LocTite®

e Excess LocTite® on the
connector shank will
cause the LocTite® to
overflow the threaded hole
of the end cap, allowing it
to contact the O-ring.

— Contact with the O-ring
may cause damage to or
bridge the O-ring and a
the instrument to floc

27
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GO oL

Excessive Use of LocTite®

e No LocTite® should
overflow the threaded
hole. If this occurs:

— Remove the connector,

— Clean the connector and
spot-face,

— Replace the O-ring and re-
install.

* LocTite® that reaches the
spot-face may bridge the
O-ring, causing the
instrument to flood.

28
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GO oL

Final Connector Tightening

e Use a socket installed
on a Torque Wrench
(if available) for final
tightening of the

connector.

29
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Torque Specifications

Connector

2-pin Impulse

3-pin Impulse

4-pin Impulse

6-pin Impuls

30
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CeTCeTET After Data Collection
Converting Data to Engineering Units

Data Conversion

Convert raw data, creating
.cnv file that can be used

by
Sea-Bird’s other data
processing modules. Check for
Converted data includes: Modul

— Pressure, temperature,
and conductivity data

— Auxiliary sensor data
(light transmission
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SBE Extracting CTD Data with
(CELLLELL i
Data Conversion

* You may create a .cnv
and/or a .ros file

* The source of the data is
your .hex or .dat file

* The indicator of what
data to extract is a status
bit in the data or a file of
type .bl, .afm, or .bsr

e Data written to the .ros
file 1s specified in the
output variable selection
dialog

2% Data Conversion

File Options Help
File Setup  Data Setup l Miscellaneous] Header Yiew

¥ Process scans to end of file

Scans to skipover g
Scans to process

Output format ASCH output »
Corvert data from W

Create file types | Create bottls [ROS] file only =l

Source of scan range data |Scans marked with battle confirm bit ﬂ

Scan range offset [5] 2
Scan range duration [z] 4

I™ Merge separate header file

Select Dutput Variables. .

Source for start time in output .chv header

&+ Instrument's time stamp " Systern UTC
" NMEA time " Upload time

I Prompt for start time and/or note

Start Process
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% Specifying How Much Data Per

Bottle Closure

e Data extraction is referenced to t
of closure

* Scan range offset is how
before the bottle clo
extracting data

e Scan range
total to
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[ e

Summarizing and Tabulating D

* Bottle Summary module creates a table of
averages and standard deviations from
.ros file

— .ros file must contain pressure, te
conductivity or salinity

— Additional parameters ma
averaged variables

— Data is output to a

— Ifa .blfile 1s
.btl file
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[ e

e Variables created
by Data
Conversion may
be selected for
inclusion in the

.btl file

2% Bottle Summary

File Options Help
File Setup  Data Setup ] Header \"'iew]

[ Output mindrmas values for averaged vanables

Select Averaged Variables... |

Select Derived Vanables... |

Oxygen
I Apply Tau corection

Select Averaged Yariables |

“ariable Marme [unit] Average Select Al |
Freszure, Digiquartz [db]
Clear All |

Temperature [ITS-90, deg C]
Salinity [PSU]
Density [sigma-theta, K.g/m™3]

“oltage 2
“oltage 4

(7 ] (] (] ] (€]

Scan Count

Start Process
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SBE Bottle Summary,

(CELLLLLL i
Deriving Parameters
2% Bottle Summary EI[E|E|

File Options  Help

e Parameters derived File Setup Data Setup | Header View |

™ Dutput mindmas values for averaged varables
from the averages may
be added to the .btl list

Select Averaged Vanables... |

Select Derived Wariables... |

Oxygen
™ Apply Tau comection

select Derived Yariables x|
“Wariable Marne [Lnit] Add Drensity Shrink Al |

[#]- Mitrogen S aturation

Change | -- Oxpgen Saturation E=pand &ll |
(- Potential Temperature -
Delste | - Sound Yelosi Shrink. |
Lo Specific Vaolume Anomaly [107°-8 * m™3/Kg]
Insert | Ezpand |

Delete All |

15 =1

Ok | Cancel |
Start Process | Cancel |
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[ e

Activity: Create .ros and .btl Fi

» Use SBE Data Processing to convert d
SBE 9plus and create bottle files; s
Instructions
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SBE
[ e

Example of Converted Data
Using Sea Plot

Plot of Important Data, 687_7.cnv

Eeam Attenuation, ChelseasSeatechAnetlab CStar [1/m]
1|8 18 2.0 21 22 235 24 25

T T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T 1
Salinity [PSU]
28.90

wm
1

[¥]
=}
I

[}
i}
I

Beam

A ttenu;

Pressure, Strain Gauge [db]

w
=1
n

35

4041 1 1o

T T T I? I

5 B 9.
Ternperature [iTS-90, deg C]
1 1 Il | Il 1 Il 1 | 1 1 1 1 | 1 Il 1 Il | 1 1 1 1 | 1 1 Il 1 | 1 1 1 1 | 1 1 1 1

T 1 1
o 248 .
Fluorescence, Seatech
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[ e

Example of Converted data in a TS Plot

Temperature vs Salinity

1N I T T Y [ N Y Y Y O I IO | I I Y Y O |
| | | | | [ [

25 1+
k00
ED—E,I,
) [
= |5 5400
= [~
= [
= [
= 10 —00
o ~
= —
E |
2 5
2 [
= [
— [
0L
33.50

3375 Z400 3425 34500 3475 35.00
Salinity [P5U

3525

35.50

10
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[ e

Plot to Identify Modulo Errors

BOUMOG3cj.cnv
Miodulo Error Count

I et SRR I ! | i i F

g 8§ & 8 & o

|

g

sed [seconds

2 8 8 8 8 & & @

Time, Hay

11
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SBE Briet Overview of Data
Processing for Use in
Troubleshooting

Sensor alignment, matching measurements
water parcel
— TC alignment completed real-time in

— Post processing alignment for auxi

Correcting for underwater
— LoopEdit
Data editing and fi

Correcting fo

12
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gg‘g Description of Key
SBEDataProcessing Modules

e DATCNYV converts data from hexi-decimal to scientific units
e WILDEDIT or MEDIAN FILTER to remove outliers

e ALIGNCTD coordinates measurements of T, C and P on s
water

e FILTER (optional) refines response time of mismat
smooths digital noise in Pressure data

* LOOPEDIT removes ship heave effects by
scan fails pressure reversal or minimum ve

e CELLTM corrects cell thermal mas
conductivity cell

* DERIVE takes the newly co
and computes the depende
Concentration)

or interpolated bi

13
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SBE
[ e

Recommended Default SBE 9 plus
Data Processing Parameters

e DATCNV (Module 1)

—  Output up and downcasts of all parameters of interest. Only process on indepe
(T,C,P, OXVOLTS, Modulo Errors etc.)

— Output converted variables (salinity, DO concentration) if comparing
e ALIGNCTD (Module 3)
— SBE 11 usually advances C +0.073 secs
— Align DO and other sensor data to P and T accordingly i
e FILTER (Module 2) only if continuous time series and n
— Pressure only 0.15 secs
*« LOOPEDIT (Module 5)
—  Only if ship heave a problem
— Select minimum fall speed acco:
e  CellThermalMass (Module 4)
— ALWAYS
— Alpha=0.03 and
DERIVE (Module

14
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e Options in DATCNV:
Enabling Tau & Hysteresis Correction
for Oxygen

* Weather to enable or disable tau for oxygen

— This term is introduced to sharpen th
sensor to rapid changes in oxyge

— SBE recommends keepin
e If working at depths > 100

15
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SBE
[ e

Uncorrected data
shown left, with
mismatched up
and down casts

Corrected data
shown right
overlays Winkler
values (not
corrected to

Winklers)

from
Equatorial Atlantic

Examples of Deep Ocean Hysteresis

Pressure(db)

Dissolved Oxygen (micromoles/liter)

260

180 190 200 210 220 230 240 250
1000.0 | | | | | | |
R Qr v
T"?'.Q:-,-;__-‘- -
H“O-”“"‘*'ww
2000.0 - T *‘X%,
[ 3
LR
3000.0 - . . K 3y
Black Line is
hysteresis corrected
4000.0 p
CTD ¥
!
so00 | Circles are Winkler 4
values for oxygen on \ ]
the same cast. \ /
6000.0 - o

16
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SBE Dissolved O,

[ e

Deep-Ocean Hysteresis

Oxygen, SBE 43 ] x|

Serial number |DBEIB

Calibration date: |23-Sep-2DD?1
™ Use Dwens-Millard Equation

e Use Sea-Bird equation -- only for SBE
calibration in 2008 and later

Scc  [oaaa D1 [lameaseons
Veltst [Eommoeom | D2 [4psm0ieniz
& [2ssa00e00a | HI ez
B [140130e-004 M2
C  [amie0s | H3
E [360000e-002

Tau20 |1—
Import | Export | QK I Cancel |

These must be in CON file
for Hysteresis Corrections t

== Data Conversion

File Options Help
Fie Setup | DataSetup  Miscelaneous | Header View |

Thiz tab configures miscellaneous data for calculations.
Mate: Values entered only affect indicated calculations.

Depth and Average Sound Velasity

Latitude when NMEA is not available Ig

Averags Sound Velasity

Minimum pressure [db] lgg—
Minimum sality o] [0
Pressure windaw size [db] lzg—
Time window size [5] lgg—

Plume Anomaly

Theta-B

[o
Salinity B |
[o

Theta-Z / Salinity-2

Rieference pressure [db] Ig

Descent and Acceleration
Aafindows size [<] .

[ Daycren

Tfirdow el [5] ]g

@ Appl Tl coention

Apply bysteresis conection ta SEE 43 wher Sea Bird equation selected i con fle

Potential Temperaturs Anamaly

A0 o AT AlMdier [y v

Set to Defaults

Start Process

17
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SBE
[ e

Activity: Practice running Data
Conversion on Raw Data File

e Use the file C:/Data/Module9/AlignC/Faro

— For the configuration file, use Faroe.con
— Name your output file Faroe.cnv
— Convert downcast only

— Convert to quantities that sta
- Pressure, Digiquartz
- Temperature,2 [ITS-
- Conductivity,2 [

18
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SBE
ICC T T3 .
Gaps 1n Data and Modulo Errors

e The Modulo errors indicate that there is a gap in the time
series

— A minimum gap of 1 point
— Because of the way the frequency counti

SBE 9+, this means that the point be
affected

— Gaps can be larger (multipl

— Modulo Error count on
how many times...

— The gaps are
e Requires use
* Bestto

19
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[ e

Tools for Looking for Size of
Modulo Error Gaps

* Plot Modulo Error against time (se
Elapsed (secs) in DATACNV

* In SEASAVE, select app
scan...this will help fi

20
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s B E . # name 11 = fIC: Fluorescence, Chelsea Aqua 3 Chl Con

ICT T T et

# name 12 = par: PAR/Irradiance, Biospherical/Licor
# name 13 = spar: SPAR/Surface Irradiance
# name 14 = upolyO: Upoly 0, ISUS

° The header Only tells : #name 15 = upolyl: Upoly 1, PVM5
. # name 16 = pumps: Pump Status

you When there Wa‘S a J # name 17=fnodrl;rror: Nfodul
scan or set of scans _—

dropped

e Need to examine data to
see how big the gap is
by looking at pressure

and descent rate

together

21
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Scan Secs Press TO TI1 CO C1 OxVolt etc....

1

1.7094017 1 1 0.000e+00

1

L 200 ZENE 2NNE 2 2R 2 2

3534 147208 123.004 17.4613 17.4613 5.046168 5.046238 3.0171 527707 0.6013 86.0424 0.1632 2.6525e-02 5.9963e+00 2.7.
1 0.000e+00

3535 147250 123.057 17.4611 17.4611 5.046168 5.046203 3.0159 527708 0.6002 86.0674 0.1648 2.4784e-02 5.99
1 0.000e+00

3536 147.292 123.057 17.4612 17.4609 99.000000 5.046203 3.0171 0.00004 0.6013 86.0424 0.16532.5
1 0.000e+00

3537 147333 123.169 17.4611 17.4611 99.000000 5.046274 3.0171 0.00004 0.6025 86.0173
1 0.000e+00

3538 147.375-16829.813 17.4613 25.9087 27.476852 70.449079 1.6654 0.45796 4.110
3539 147.417-21176.759 98.9762 48.9106 5.033530 71.595624 1.6459 1.954
1 0.000e+00

3540 147.458 205989 17.4596 17.8598 5.046193 5.118893 3.01
1 0.000e+00

3541 147.500 123.282 17.4609 17.4608 5.046191 5.046
1 0.000e+00

3542 147.542 123387 17.4608 17.4608 5.04
1 0.000e+00

3543 147.583 123.387 17.4606 17
1 0.000e+00

3544 147.625 123.447
1 0.000e+00

22
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Plot Modulo Error (11)
Can see if on both down and up cast

BOUMOGEE . crw
Duygen Vol lage , SEE 43
10 15 20 25 3o 3s ]
1 1 1 I 1 1 1
———— — T

T T T T
Cioraluc Il ly [Zm]
=0

I::_ 1=2 1I1- 1|E 18 ? 2I1- 2:5 Zﬁ -
°f Down Cast
==t
z f Modulag
oot T
s | Error
:133':
EHE: | | ﬂ
: e
ot
wi Up Cast
a0t
12 13 + s [ 17 2 =] 20 21 = 23 24 25 5
1 1Ll 1 1 T'IHTII:'HEI"-": [Tr:ﬁg:':d'flﬂ '3'] 1 1
g 1 ) ! p 1 1 1 1 1A

Mcdulo Bror Colnl

23
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Time, Elapsed [seconds]

Plot against Time

BOUMO63cj.cnv
Oxygen Voltage, SBE 43
20 25

Modulo Error Count

05 1.0 1.5 30 35 4.0
Tt e —t—TTt — T ———Tt
Conductivity [S/m]
12 14 16 13 20 22 24 26 28
o1t —f— —t—T——TF+——T— —1 S e e e
100F /’/_/J_/—/ /
e (
:— L
I
3007:
400F MOduIO
500 ’; T OXVOlt EL I Or
00~ %
Too-F
s00 111 S R
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Temperature [ITS-90, deg C]
T O S A
1] 1 2 3 4 5 [ g ] 10 11

24
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SRE Filtering Converted Data

0 o o B Filter Y [=] 4|
 Filtering is used to remove e ———
digital noise from data T T
. Lows pass filter &, time constant [s] |D15—
(pressure maIHIY) Loy pass fiter B, time conztant [5] [0 15
— Need to do on P data prior to
running LoopEdit
x|

 Filtering can also be used to e
help match response times of Pressure Digiuatz [

Temperature [ T5-90, deg C] Dne

Filter Type

Claar &l |

critical paired sensors (T and cnduots Bl o :
C for computing S) T
* SBE 9plus

— Filter A time constant
0.15 seconds for pressure to remove
digital noise

Start Process | Exit Cancel

— No need to match response of T an.
C, already well matched by desi

25
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SBE Derived Dependent Quantities
Vs.
Raw Independent Quantities

e Salinity and Oxygen are computed quantities
— Dependent variables

* For successful computation, inp
be accurately measure, AND
on a point in space, and s
time response

— Independent vari

e If done inco
other co
— denst

26
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T The Challenge:
To get good salinity with only 10% of t
signal

* The electrical measurement of con
— 90% of the signal from tem

— 10% from salinity base
content of seawater

e 1% error in

27
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S Data Misalignment in
CTD Data That Causes Salinity Spiking

1. Sensors (T and C) not seeing same water parcel

— All SBE CTDs T and C are ducted and pumped
do sample on the same water

2. Response time of sensors on the CTD
well matched
— On SBE 9+ T and C have well
0.065 secs, by design
3. Travel time of water p

—  This determined by
path between se

28
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SBE  [xamples of Lags and Leads
in T and C Alignment and Effect on

Computed

0db

Salinity

e Evidence of bad :
alignments seen in -
salinity spikes and
density inversions

Pressure
TTTT

e Correction via pressure
shifting of T, C or Both

T Step = 0.05 C; C Step = 0.015 S/m

Pressure Alignment Perfect

0db

Pressure

TTTT TTTTTTTTT TTTTTTTT
Pressure

TT TTTT

Clags T 0.084 db

— 0db =

Cleads T 0.084 db
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g@B@E Example of how the TC Duct Helps
Alignment of T and C Data

SBE 9+ Ducted Data (Raw Data) IS)B:E 9+ Ducted Data Aligned
ata

No alignment
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SBE Manipulati.ng pata to
Remove Misalignment
Post Processing

BE Align CTD EEE|
* Analignmenton T and Cis ™ ™™= I |
i i File Setup DataSetup | HeaderVisw
done automatically in
the 11plus
e Alignment can change from =
:
default due to changes in | i | o [T
plumbing that increase or e - |
1 ‘Dawnen Curent, Beckmanscs] (U] o
decrease pumping speed e e e T
. Orypgery, BeckmandrSt [mid] i}
« Use Align CTD module to - —
ArCe

match temperature and
conductivity data streams

Start Process |
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SBE Lxample of Different Alignments
[ e
of T and C

Pressure, Digiquartz [db]

Original Data
ensntg 2[ssgmat Kg/l 2]s
27.900 27.925 27.950 27.975 28.000 28. 25 050 28.075 28.100

500 b —

salinity
density

700 iiiiiiiiiiiiiiiiiiii iiiiiiiiiii

34.750 34.775 34.800 34.825 34.850 34.875 34.900 34.925 34.950
Sallinity, 2 [PSU]

Conductivity Advanced 2 Scans (0.084s)
Densit sigma-t, Kg/m”3

27.900 27.925 27.950 27. 57 2?000 281025 28.050 28.075 28.100
500 | | | | |

iiiiiiiiiiiiiiiiiiiiiiiiii;;riiiiiiii

525+
550
575+
600-] salinity
density

625+
650

675+
iiiiiiiiiiiiiii [

700 T T T
34.750 34.775 34.800 34.825 34.850 34.875 34.900 34.925 34.950
Salinity. 2 [PSU]

Conductivity Advanced 1 Scan (0.042s)
Density, 2 [sggma—t, K%/m"3
27.900 27.925 27.950 27.875 000 28

500 N e

.050 28.075 28.100
| |
I T

salinity
density

34.750 34.775 34.800 34.825 34.850 34.875 34.900 34.925 34.950
Salinity, 2 [PSU]

N
o
o

Conductivity Advanced 3 Scans (0.125s)

ensﬂg [sgmat Kg/m”3
27.900 27.925 27.950 27.975 000 .025 2

500ttt
525

.050 28.075 28.100

550

L

2 575- L.
“ salinity
density

700iiii}iiii}iiii}iiii}iiii‘ |

34750 34.775 34.800 34.825 34.850 34.875 34.900 34.925 34.950
Salinity, 2 [PSU]
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SBE
[ e

Dissolved O, Alignment

e Sensor time constant ~ 2 - 5 secs
— temperature dependent

e Plumbing delay from T a
depending on locatio

 For SBE 9+,
concentrati

33
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SBE
[ e

Mismatch down-up Cast Data in
Dissolved Oxygen Profiles
That Might Not be Alignment Issue

Oxygen, SBE 43 [ml/I] Oxygen, SBE 43 [ml/I]
1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 2.00 2.25 2,50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50

| | | | | | | | | | | | | | |
Ok\\\\\\\\\\\\\\\\\\\\\\\ FTgr T T T TTTT 0\\\HHHHH\\HHHHHH\HHHHHHH T

A WO N =

° P e

TITTTTT TTTTTT
a
it
T

o
it
T

0
79
TITTTTT

Pressure, Digiquartz [db]
[e2]
o
i

©
<
TT

Pressure, Strain Gauge [db]
wW [\o) N - -
o ()} o (o)) o
S e & ¢ 8

T

100%\\\\%\\\\%\\\\%\\\\%\\\\%\\\ \\\}\\\\}\\\}\\\\}\\\\}\\\\}\\\

17.5 20.0 22.5 25.0 27.5 30.0 150 175 200 225 25.0 275 30.0
Temperature [ITS-90, deg C] Temperature [ITS-90, deg C

This mismatch is likely due to
Transit time alignment issue i
DO sample with respect
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SBE  Activity: Align DO Data

Data Conversion:
— Use C:\Data\Module9\AlignDO\GulfMex.dat and GulfMex.con
— Convert upcast and downcast
— Output P, T, S, and Oxygen Voltage SBE 43

Align CTD: advance Oxygen Voltage SBE 43

2,4, and 6 seconds
— Name append A2, A4, and A6

Derive: Oxygen, SBE 43 in ml/] fo

— Name append D
— Accept default 2.0 second wi

35
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SBE Dissolved Oxygen Advanced 0, 2,

4, 6 Seconds Relative to Pressure
Temperature vs Oxygen

2
-1
]

[
[y}
|

|

=

| ]
—HTTITTTTITITIT T T I T I T T T T T I I T T I T TITTITTTIT T

|
S E
| ]

[
[Lu R
| ]

Temperature [IT3-90, deg C]
2
|

Waterfall Plot

20 25 40 445 50 &S5 B0 65 ¥FO ¥4a5 80
Owygen, SBE 43 [ml/

—_ —
[ms]
|

rJ
i
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SBE Effect of Conductivity
Cell Thermal Mass on
Computed Salinity Value

e Glass conductivity cell stores heat
e A warm cell warms water moving
* A cold cell cools water movi

e This causes water in cell
than thermometer m

37
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g@B@E Thermal mass errors scale with the
velocity of the flow through the cell

e (o parameter scales the

a o is Initial magnitude of thi
amplitude of the error luid thormal anomaly
~3% of AT for SBE 9+ o

~ 1°C => 0.03 psu Joe -0 =heat __|
loss (area under

curve)

— o varies as V!

— Will be slightly different
for different pump flow
speeds

Time

Cell Ther
Mass
Functional

e 1 = Relaxation time of

response ae ~(V0

— Less flow depende
varies as V -1/2
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pressure [db]

1000

|
[
o
(=]

Cell Thermal Mass Example
Observed as Mismatch Between
Up and Down Casts

Faroe.dat:

[
N
o
o

temperature, pri, ITS-90 [deg C]

Downcast

W
'y
o]
o

W
%}
™
o

salinity, PSsS-78 [PSU], pri T, pri C
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SBE
[ e

Removing the Effect of

Conductivity Cell Thermal Mass

Corrects Conductivity
BEFORE
computing Salinity

Again, SBE
recommends
default settings for
starters

1
B% Cell Thermal Mass Hi=] 2
Ele: Options - Help

File Setup DataSetup | HeaderView |
IV “Corect primany canductivity values
Temperature sehsor bo use

iF'rimar_l,J "i

Themal andmaly amplitude [aiphal 003

Thermal anamaly ims constant (1 /beta] i;r

v TCanect secondary conduchyity values

Tempetature senzar bo use

!Secondar}l "I

Thermal aromaly amplitade [siphal 0.032

Themmal anomaly time constant [1/beta) !?

Start Process |

Exit I Cancel
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[ e

SBE 9+ Salinity
with and without CTM

Green Salinity processed with CTM

Black Salinity unprocessed

correction

Salinity profile
unprocessed (black) d17p-Cast2 cnv
Desosnt e pme)

Corresponding Temperature (green)
and descent rate (blue)

processed (green) ;
-100 — =t e .
05} = f;
< /—f
41of = £
-5+ = )/
L I=
5 20} = ]
5 . - Sl B -
[N 17 S EEEEEE PP TR PPP PR ST % —L
3 i S =
g 130f < = /
L 3
-135 . : ; : : : - (
s fema T e e R e iy :3’;‘,
150 L | i I 1 i i i =
3515 3516 3517 3/AG 3519 3/2 3521 3/22 3|23 3/ 3B
Salinity

Note: Downcast onl
Data not LoopEdi
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Editing non-Oceanic,
Deployment Related Signa

e Ship Heave

— Flag scan lines of data where
CTD occurred during depl

— SBEDataProcessi

e Edit outliers

42
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Distinguishing between
Ship Heave or TC Alignment
27.92000 density, sig'ma—E::rO:c.g/E:n":B] , sec T, sec C 28.1000
34. ?50(L ! sa.lirlxity, P|SS—'?8 I!PSU] ; |sec T, |sec o] ! L4 .9500|
500.00 T I T T T i
E B ship heave
B T C mismatch
- Descent
- rate
ro0. 0ol L L 1 1 1 1 | I
-18.00 descent rate [m/s] 2.00

Plotting dz/dt (desc
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(SELELLLL
Enlargement of plot at left
Salirity [PSU] Salinity [PSU]

3442 3443 3444 3445 3446 3447 3445 3449 3450 3451 G452 A0 MM FHd M3 FHA 345 FA6 47 348 48 3480
95D_IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII 952_5__IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
980+ Descent C

C rate 955 0+

970+ u -
il 05751
g ol E
2 I =
o 980+ 2960 0
£ - | | | | & L] | | | | | | | |
1000 IIIIIIIIIIIIIIIIIII|I | IIIII IIII|III|IIII|IIIIIIIII|IIII|IIII|III|IIII|III

265 270 275 28D 285 280 295
Temperature [| TS-90, deg C]
I||||||I||||I||||I||||I||||I||||I||||I||I

270 271 272 273 274 275 276 ATT 278 273 280
Temperature [ITS-80, deg C]

50 125 400 75 60 25 00 25
Descent Rate [m/s]

[
<180 125 100 -¥A A0 24 0o 25

Descent Rate [mis]
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SBE Removing Package-Induced
Data Artifacts

B Loop Edit =10l x|
° Data errors File Options  Help

. . File Setup  Data Setup |
introduced this R

Minimum velacity type Fired minimum velocity
Wa.y must be Minimurn CTD welocity [miz] |025—

Omitted; there iS no ‘window size [3] 300
o Percent of mean speed |2U—
fix

¥ Remove surface soak

[ ] LOOp Edit‘ FLAGS Surface soak depth [m] Iw—
Scan Lines with (dfach - soak citn /2 -
pressure 100pS et S

W Use deck pressure as pressure offset
caused by
ship heave

¥ Exclude scans marked bad

Start Process | Esit I Cancel
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SBE Activity: Remove Loops

* Data Conversion:
— Use C:\Data\Module9\Loop\A Arctic.dat and .con
— Downcast only
— Time, pressure, temperature, and descent rate

 Filter: Filter Pressure with time constant 0.15 seconds
— Use same file name for output file, AArctic.cnv

* Loop Edit: Uncheck Remove surface soak
marked bad. Run two times --

— Name append P, percent mean speed, 300

— Name append F, fixed minimum velo

» Sea Plot: Click Plot Setup tab rocessoptons. . RN
Process options button, anc
bad data. Plot each fil

— Y axis Pressure (83(
— Xaxis 1 Tempe
- Xaxis2D

¥ Process scans ta end of file

Scans to process

|1
Scans ta skip at start lg—
I—

Seans to skip between points [

™ Plat szans marked bad by loop edit
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[ e

Removing Package- 1.
Induced Data Artifacts,
Loop Edit

Tetapirsturs [T5-50: deg <]
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[ e

* Dependent Variables

— Salinity, density, dissolved oxygen co
oxygen saturation, etc.

e Once DERIVE is run on data, sh
derived variables

DERIVE
Dependent Variables
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[ e

Bin Averaging

* Reduces size of a data set by statistically estimati
data values at even intervals
(e.g., every meter or 10 meters)

e Can work in depth (meters), press
or by scan

e Can bin average upcast,

— If bin averaging
bins and dow

49
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[ e

Bin Average: Output Data

# binavg_bintype = meters

# binavg_binsize = 1

# binavg_excl_bad_scans = yes

# binavg_skipover = 0

# binavg_surface_bin = no, min =
# file_type = ascii
*END*

1.000 24.9124
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Data Processing Tips

» Best data is collected at highest ra
instrument 1s capable of
e Data should not be reproc

— Do not run align on d
aligned!

— Do not align
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eeeeeeee Assess Quality of data by comparing to
other standards

e Quality assessment using redundant
measurements or unreasonable dat

— Primary and secondary senso
— Water samples - (Salinit
Other sensors (moore
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SBE
[ e

Sensor Tracking and
In-Situ Validation Techniques

 Obtain specific types of CTD data for diag
checks of data quality (covered later)

— Turn CTD on deck with pumps off to t
pressure readings before using CTD

* Barometer checks prior to cruises
 Tracking pressure sensor drift

— Collect high quality wate
drift tracking

— Collect clean (co
perform salini

— Periodical

53
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ecks of the equipment

parts and tools
eduring cruise and between casts
18€ €quipment maintenance

Sea-Bird Electronics, Inc.
Newport, OR Feb. 2012
Carol D. Janzen, Ph.D. Physical Oceanography
David Murphy, M.S. Electrical Engineering and
Oceanography
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GO oL

Pre-Cruise Equipment Checks

» Helps to prevent last minute prob
can delay or impact a cruise
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SBE
(SEELLLLL

What should be checked?
(Recommendations)

All connectors and cabling

All hardware/fasteners, mou
blocks

Ferrites — Inductive
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e Disconnect each cable e :
or dummy plug one at ‘J\ e

a time.

— Inspect each exposed
connector for corroded
or damaged pins.

— Make sure the
connector isn’t loose.
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» Inspect each cable
boot or dummy plug
for corrosion.

e (Check the cable for
cracks and abrasions
in its outer jacket.
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GO oL

Re-Install Cables and Dummy Plugs

e (Clean and re-lubricate
connector boots, dummy
plugs, and connectors.

— Clean with Kimwipes or S
other lint free cloth or wipe. s

— SBE recommends Dow
Corning® DC4 for
lubrication.

e Never use petroleum-based
products.

nnnnnnnn
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GO oL

Proper Installation Technique

* Clean and very lightly E ™
lubricate the connector \
body and cable boot with l’ O
DCA4.

e Align the pins and press
the connector boot onto
the connector.

* Burp the connector to
remove any trapped air
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GO oL

Check the External Hardware

e Check that all external hardware, mounti
mount straps, and cage clamps are tig
— Check for cracked mounting blocks.

e Check for corrosion damage t
e Check the condition of th
— Replace as necessary.

e Verify there are
each other.
— Look fo
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GO oL

Inspect the Instrument’s Plumbin

e Plumbing should be clean and free of s
biological deposits.
— Clean/replace as necessary.
* Ensure the hole in the air bl
— Use a piece of 26 awg wi
e Make sure all plumbi
tie-wrapped.
— DO NOT ti
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GO oL

Instruments with Pressure

* Verify that the pressure port is adequately
filled with oil and that the pressure po
not blocked by salt build-up.

— Re-fill as required.

10
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Verity the Functionality

e Establish communicatio
with the instrument.

» If possible, use

11
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Record Some Data

* Log and check some data.

* A clean garbage can
way to do this, b

12
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GO oL

Prepare the Instrument for Shippin

Make sure the instrument is dry.
— See App Note 2D for conductivity cell
— See App Note 64 for dissolved ox
If the instrument is equippe

switch, place a piece of e
the OFF position.

Verity all dumm

Package the 1

13
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GO oL

Tools & Spare Parts

Some factors in deciding what spares you need or wa
a cruise:

* Your level of expertise / What level of servi
comfortable with?

e The duration of the cruise/transit ti
* The size / type of the vessel

— Is it a dedicated research
— Isita vessel of opp

e Remoteness of
— Will you

14
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GO oL

Tools

e Box and open-ended wrench set
e Allan wrench set

e Assorted screwdrivers
e Nut-drivers
e Cutters
Pliers

15
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GO oL

Spare Parts

e O-rings

e Tygon® tubing
e Set(s) of cables
e Full set(s) of spare dummy plugs
e Mount straps / blocks

e Deck Unit fuses
e Pump parts (thru
Air bleed val

16
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I .
Materials
* Spare batteries * Blue Moly
* 1L pre-mixed Triton X-100 * LocTite® (o
solution, 0.1% e Solder
* 500 mL pre-mixed Triton X-100 e Electri

solution, 1% - 2%
* 1 L pre-mixed Bleach solution,
500 - 1,000 ppm
* Several liters of DI Water
* T/C backfilling syringe(s)
* Oil backfilling kit
* Kimwipes or other li
Parker Super O

17
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[ A
Instrument Care and Maintenance

During the Cruise

» Keep the instrument as protected as po
during transit.

e If it must be stored on deck, o
during transit:
— Avoid ship exhausts

18
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GO oL

First Cast of the Day

* Wet the conductivity cell in accordance with
Application Note 2D, approximately 1 h
the cast.

» Before taking the first cast:
— Verify all cables and dummy
— Verify all plumbing is p
— Remember to remo

19
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GO oL

After / Between Casts

e Rinse the equipment thoroughly with fresh

— On some vessels the amount of fresh water a
wash-down may be restricted; if so, use ¢
Ship’s Master will allow.

— Even a bucket full of fresh water
down at all.

e Rinse and store the con

with Application Nc

e Rinse and store
accordance

20
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e Proper care and maintenance of the 1
assemblies will help ensure reliab

— Never use any lubricants on th
— The latches are water lubri

SBE 32 Carousel
Water Sampler Care

21
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Flooded Instruments

* While instrument flooding is rare, it doe
from time to time.

e A flooded instrument can be und
pressure.

 If you suspect an instru
extreme caution.

22
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Releasing the Pressure

* If the instrument is pressurized, th
can be released by backing off
installed I/O connectors se

e This will break the co
and allow the inst
— Look for si

23
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GO oL

What to Do with the Instrument
if Flooded

e Pour out any water inside the ho

e Return the instrument to SB

e Advise Sea-Bird of possi
want to get hurt!

24
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SBE | |
Post-Cruise Maintenance

e Profiling instruments

— Soak the instruments in a clean garbage ¢
fresh water. This will help remove / dil
water that may be trapped in gaps a

* Install loops of Tygon® tubing o
and dissolved oxygen sensor t

* Remove locking sleeves
flushing.

— Soaking in fresh

25
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GO oL

After Cleaning

e Allow the instrument to dry.

e Open the battery compartment and r
exhausted batteries.

— If the instrument is going to b
extended period, do not re

* Follow all storage gui
sensors and for t

Store the ins
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