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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

e 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!l!
— 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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Application Notes

*|nstrument
Configuration

«Data Corrections
*Troubleshooting

*Other relevant topics

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

TC Duct Assembly and Plumbing Installation

T}nsAppbcanondeescﬂxnseofthePNDDO!SCnstmhmﬂedTC Duct Eit, covering:

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
including the SBE 43.

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.

Note:
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

TC Duct Installation

Preparation

Parts Included in PN #0085 Kit that are Used for TC Duct
Installation

- Tempasmsmmgmﬂassemb}y (rq)hcﬁmslmg

»
>
% Mormison seal 0.026 ID x 0.24 OD, installed in T Duct
¥ () Phillips-head mylon machine screws, 2-56 x Va,
attaching T Duct to temperature sensor guard
#»  C Duct assembly (fits into end of condnctivity cell), which consists of:
¥ CDuct
¥  Flexible plastic (Tygon) tubing — 3 pieces:
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 Digiquartz 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
e Sending data to Sea-Bird




Page 9 of 258

1/14/2012

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
1ips Nordeen Larson and Arthur Pederson, Sea-Bird Electronics, Inc.
1st IGHEM Meeting, Montreal, Canada, June 1996

The Correction for Thermal-Lag Effects in Sea-Bird CTD Data
Morison, J., R. Andersen, Larson, N., D'Asaro, E., and Boyaq, 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 (repo

» Accuracy (error) — reported val
* Resolution — smallest mea

» Repeatability — differe
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..

— I1TS-90 (1990) standards incl
SPRT, and ASL F18 Tem

12
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Reporting Salinity

« QOutput, report and archive Practical Salinity

 Practical Salinity Scale 1978 (App-No

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

— All'instruments delivered by Sea-Bird since
been supplied with calibration data base

* Absolute Salinity 20

— Refers to the total ma

— Algorithm used to
Salinity, Latitu

— SBE is dev

13
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SBEDataProcessing Software
Seawater Calculator: SeaCalc Il

&= 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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SBE 9 -11 Plus
Profiling CTD System
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SSeseaes System Diagram for
Real-Time Profiling

SBE 11plus
Deck Unit

Winch &
slip ring

single conductor sea
cable

|

SBE 9plus
(no memory)
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GO oL

SBE 9plus / 11plus Data Channe

e Transmission rated for up to 10 km
sea cable

e Each data scan 1s 30 bytes
24 times per second
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Sseses SBE 9plus / 11plus
Water Sampler Channel

e Channel is 300 bps, 8 data bits, 1 st
water sampler commands are tr

with 8th bit set

e Other data is passed to
end cap for use by 1

e Successful bo
sent back vi
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GO oL

SBE 9plus Frequency Counters

e 24-bit signal acquisition for T, C,

e Resolution in terms of degree
Siemens/meter/bit depend
of temperature or con

» Equations for det
examples are i
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GO oL

SBE 9plus Voltage Channel

e 0 -5V signal input, 12-bit A/D
e Each bit =0.0012V

* Each of 8 channels has
filter on input, allo
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[ Y
Water Sampler Sea Cable gg:‘ttt;r:t
or SEARAM

Auxiliary
Voltage

Auxiliary Input 1 Condl:ctivity
Voltage
Input 4
Auxiliary
Voltage - Temperature
Auxiliary .
Input 3 Voltage 1 Condt;ctlwty
G.0. 1015 Rosette Input 2

or Serial Data Uplink
or Serial Output

Pressure
Port

Top End Cap
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Core Sensors
Conductivity, Temperature, Pressure

e Depth is derived from a pressure sensor

— Pressure sensor is typically internal to the
main pressure housing of the CTD

e Conductivity and temperature sensors
may be mounted internally or extern

il
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The SBE 43 is
DO Clark Type
Sensor

10
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SBE 4
secesces  Digiquartz Pressure Sensors

SBE 9+ CTDs

CASE .,

» Digiquartz Bourdon tube
transforms pressure to force

¢ (Connected to environment BOURDON
through a capillary tube filled TUsE
with mineral oil

* Pressure generates a force across
a quartz resonator as the tube trie
to unwind with applied pressure

* The measured change i
frequency of the ¢
1S a measure 0

11
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tecceoes SBE 17plus V2:

Autonomous Sampling

Back Up

SBE 17plus V2 provides memory and
power for SBE 9plus, has

— 16 Mb of nonvolatile memory, supports
conductivity advance and suppression of
channels

— Also features Carousel auto fire cap

Use SBE 17plus Version 2 SEARA
Carousel

— SBE 17plus V2 receives press
Iplus

Receives closure protc

Refer to Sea-

1/14/2012

12
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Cabling the 9plus to the 11plus

e Use #20 twisted pair or coax to cable be
SBE 11plus and winch

e Seacable is typically single or
armored cable up to 10,000
350 ohms resistance

e Grounding conside

— Use armor of

13
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SBE
(SLELLLLL

Cabling the 9plus to the 11plus

Recommended Cabling 250vDC -1

Coax or twisted pair

SBE 11plus

Center conductor (power + data)

~220 V
DC

N

PIN 2

Seacable
bulkhead
connector

Armor (ground) Winch Chassis connected to hull

Coax or twisted pair: SBE 1 1p|US

Center conductor (power + data)

Center conductor (ground)

PIN 2
le

14
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SBE
sesssssc What 1s a Slip Ring?

. Ly
-
e

1§ Eu |

GOLDPLATED e
) PTOZE TYPE

| GOLD PLATED
PTO1E TYPE MATING PLUG (2) CONNECTOR (1)

CONNECTOR (1)

15
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Configure Sensors and CTD Hardware

for Clean Data Collection

* Understanding how the CTD samples

* Insure that sensors sample the same wate
— Plumbing
— Place T, C sensors together and duct

CTD deployment orientations

16
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SBE 9+ CTD Sample Scheme

 SBE 9plus measures C,
T, and P simultaneously

e (Can sample as fast as
24 Hz

— Recommend to sample at
maximum rate

— Average later

O C—
Timein
seconds

Vo-v7*|

vo-v7 *|

vo-v7 ')

vo-v7 *|

vo-v7 *|

Vo-v7 *|

Vo-v7 *|

vo-v7 ')

Vo-v7 ')

vo-v7 *|

Vo-v7 *|

Vo-v7 ']

—0
Depth [ecm]
(1 m/s drop)

- 10

- 20

- 30

- 40

—50

* Sequentially

in time

17
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Plumbing for Success

e Sea-Bird conductivity cells and
oxygen plenums rely on water passi
them, usually via a pump

e Pump is magnetically coupl
self-priming

e Arrange tubing on i

air to escape fr

18
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SRE Coupling T and C

Measurements using the 7C Duct

e Deliberate sampling of the water
column at the location of the intake of
the pipe

* Water is pumped past active element of
temperature sensor and into
conductivity cell at a fixed, constant rate
(same for DO)

* Plumbing setup greatly lessens effects
of ship heave (reduces sloshing through
ce]l) T Senslor

il ! . Rod
 Filtering and other data manipulation is Length

much more successful because flow rate Rod-—
is constant (Constant response times prameter
regardless of lowering rate)

— This helps match response times of T

uonoead elyoid

AE T Fiow ’_i | g:lrllductivity
5 |—Tc Duct

19
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SBE
Connecting the TC Duct
How TC Duct should look This TC Duct is disconnected

Conductivity cell will not get flow

When it is connected correctly

If flow problem appears in
data, (you will see poorly
aligned data when this
happens), check the TC D
apparatus

20
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Plumbing for Success

Y Fitting Detail

21
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GO oL

Bernoulli Balanced

Plumblng S Approximately 100 mm (4 inch)
We plumb so that the intake and e fength of Tygon tubing
exhaust of the plumbed system are e / g AN e
flush (balanced). e Intake

Place DO sensor with plenum intake closer
than exhaust to SBE 43 housing, as shown.
Note: SBE 43 housing orientation (connector

Controls flow on descent of CTD end up or down) does not affect operation.
Plenum can be reversed on housing by
removing and replacing 2 screws.

Secure each
tubing connection
with 2 cable ties
(not shown)

Josues 0Q
£¥ 388

DO sensor.
intake

Reduces Bernoulli Flushing (which
would be additive to pump

Flow)

Quick release
coupling

—Tygon
tubiflg
Alace float CTDs use same e
Principal to prevent flushing
Of CTD during deep

Lagrangian drifting phase. This

Place intake and exhaust on
same horizontal plane, but far
enough away from each other
to avoid recirculation of water

Allows antifoulant to remain

in the trapped water, making it
it more effective. Also prevents
fouled water from entering cell.

22
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SBE ,
- Plumbing for Success

1
. 1
vertical!

| Pump outlet

Pump (vertically:
above DO outle

23
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Horizontal Mount

Place pump exhaust above intake and\
DO sensor, with exhaust outlet ‘corner’ up

|

Pump intake

o] 5 }X

SBE 43
DO sensor

Tygon tubing

Secure each tubing connection with
2 cable ties (not shown)

Conductivity
sensor

TC Duct

[

SBE 43
plenum

Exhaust

q SBE 43
DO sensor 1. Place DO sensor with exhaust above intake, oriented as shown (+ 45°).
2. Place DO sensor with plenum intake closer than exhaust to SBE 43 housing, as shown.

Note: SBE 43 housing orientation (connector end to left or to right) does not affect
operation. Plenum can be reversed on housing by removing and replacing 2 screws.

Intake

Temperature
sensor

Quick release
coupling

/
| Iﬁ|<

1/14/2012

24
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SBE ,
e SBE 9+ CTD Mounting on a

Carousel

* An SBE 9plus CTD that is
deployed with the Carousel
shown mounted in a
horizontal position

e This provide sensors a clear

flow path of fresh sample
water

* Does not place sensors
behind objects with
thermal mass

e Minimizes Bernoulli flow o e
accelerations 11w b

e Helps avoid the urge to
attach sensors past the pump  &2o |

' STAND I ==
exhaust! I | =

25
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SBE Make a Neat
Underwater Package

» Cable tie or tape all loose cabling to fr
of package

— Loose cables flap as package ris

resulting in wire fatigue

* Make sure no cables

temperature senso

26
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Carousel and ECO
Maintenance

e Wash with fresh water
after each use

— Tiodized trigger surface
i1s water lubricated

e Oil will gum triggers

e Replace worn lanyards

27
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Baaae~ How Do I Make the
Wet End Connection?

O

> Q2 Pigtail SBE #17027 RMF-2FS w/lock sleeve
; pin 1 = armor
Armored cable 2 pin connector, RMF-2FS w/lock sleeve pin 2 = center conductor

pin 1 = armor
pin 2 = center conductor

P.M.I. DanvBlok (Model 706-1202)
per sketch #M 3437-001 plus procedures

Rochester 1-H-255
(or equal)

18 inches from Blok
Evergrip (PM.L) to pigtail (nominal)
Model 117-2C-L

12 inches of
cable (nominal) Note: drawing not to scale

28
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SeseeTes Mating Habits of
Underwater Connectors

Lubricate molded ridge on
bulkhead connectors with
100% silicone grease

Do not over doit!  Slide hand
end car

Note bulge due to
entrapped air

Practice Table Exercise

29
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Sceccaes When Underwater
Connectors Go Bad

30



Page 45 of 258 1/14/2012

Module 2
SEASAVE Data Acquisition
Software

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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Real-Time Data — Seasave

 Instrument configuration
— What kind of instrument
— How many sensors
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% Setup Parameters Stored in
Configuration (.con or .xmlcon)

e Configuration data and calibration
coefficients for sensors are store
.con or xmlcon file

(1.e., seasoft.con)
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Seasave Instrument
Configuration

Configure Inputs - C:\Documents and Settings\dbresko.SEABIRDMMy Documents\s...

Instrument Configuration | Sefial Portsl WaterSampIerI TCRAP F‘ortsl Miscellaneousl Purnp Eontroll

X

Open l Create I b odify l
| =

Configuration file opened 9plustest.con
Instrument type 911plusf917plus CTD
Frequency channels suppressed 0
Voltage words suppressed 0
Deck unit or SEARAM SBE11plus Firmware Yersion >= 5.0
Computer interface RS-232C
Scans to average 1
MMEA position data added Mo
MMEA depth data added No
NMEA time added No
Surface par voltage added Mo
Scan time added No
Channel Sensor g
1. Frequency Temperature
2. Frequency Conductivity
3. Frequency Pressure, Digiquartz with TC
4. Frequency Free
5. Frequency Free
6. A/D voltage 0 Oxygen, SBE 43
7. AID voltage 1 Oxygen, SBE 43, 2 |

Report Help 0K Cancel |
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2@5 Examining the Configuration File

Configuration for the SBE 911 plus/91 7plus CTD

Configuration file opened: 9plustest.con

Frequency channels suppressed iD 71 Yoltage words suppressed ]D 'i

Deck unit or SEARAM ;SBETIpIus Firmware Yersion »= 5.0 _vj

Computer interface RS5-232C o
Tem erature Z
Scans to average i‘l : _I

Serial number |22421

I~ WME& position data added

= N

Calibration date ISS'I 230

Al L _ G [436502480e+000
I Surface PAR voltage added I Scan time added H B 4551 70312004

L e | | [easizens
1. Frequency > =
B LS Open...

N1

i

2 Frequency 1 Conductivity

= J I i
3 Er_,aquency A Pressure, Digiquartz with TC Save 2.D66.31763e-105
4 Frequency | Free FO
A LI Save bz 1000000
- Savehs. | [
Slape I‘I 0ooooao0
Dffset ID.DDD'I

6. AD voltage D Oxyaen. SBE 43
Use s D |

7.4/D vohage 1 | Osygen, SBE 43,2
Import |

8 ASD woltage 2 | Altimeter Madify... j
9D vokage3 | Free
10 4/0 voltage 4 | Free
1A/ voltage5 | Free
12, 4/D voltage B Free :_1

Report... Help... I

E:4|:u:|rt| 0k I Cancel

Cancel
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To modify, right click
on the display you
want to change.

B Seasave - SBE 19plus Seacat CTD

Fle Configure Inputs Configure Outputs  Display  Real-Time Data  Real-Time Cortrol  Archived Data  Options  Help

Documents and Settings'dbresko’\My Documents

Default Display for Seasave

[eme.con

Fixed Display 2 5[]
I

x

Conductivity [3/m]
| Density [density, Ka/m™3]
| Depth [salt water, m)

depS M prH

=10l

tv2 80 C

x

Depth [salt water, m]

<el>[»[[alviv] ]| | S|

Condoetivity [5/m]
3.600 4.800 5.000 s.200 5,400 5.600 5,800

1}

80

0

280

120

t
20000 25
Tempezatuze [ITS-30, deg 0]

5.000

i 30,000
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SBE Archived Data Dialog

File llnstrument Canfiguration | Header |

Data [.Dat or Hex] file: Select Data File

iE: \DatabModule 3YWSBE 19pluszthiami hex

Instrument Configuration [.con or . =mlcon] file [use Instrument Configuration tab to make changes)

!C: DatahMadul=35SBE1 IpluziMiani. con

Mumnber of scans to skip owver at start: i]

Murmber of scans to read —

viewed profile only
_—|_} Nurnber of scans to skip between computations: lui

Slows down the p|ayback SO et [} 513 playback rate (seconds/scan): 0000
you can watch for Changes [ Enable outputs selected in Configure Dutputs
easier
Report Help Start l Exit Cancel
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g@gg Activity: Display an Archived
Data File from an SBE 9-11

e Use Seasave to display the some SBE 9-11 CTD
— GO to Data folder (i.e., F:/Data/Module4/)
— Display Hawaii.dat in Seasave
— Use the Hawaii.con file for configurati

— Right Click on the plot to set
— Plot Type single Y multip

Pressure
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SBE Things to Configure for
(e e

Real-Time Data Collection
Configure Inputs

* Instrument configuration (.con file) — discussed already

* Serial ports — can set up in Configure Inputs or Configure Outp
*  Water sampler

* TCP/IP ports — can set up in Configure Inputs or Confi
* Miscellaneous

e Pump control (SBE 9plus with pump control opti

Conﬁgure Outputs
Serial data output
* Shared file output
* Mark variable selection
* TCP/IP output
SBE 11plus alarms
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e Define up to 5 ports:
— Communicate with CTD
(required)
— Communicate with water
sampler and/or CTD for pump

control (9plus must have pump
control option)

— Output data to serial port
— Output data to SBE 14 Remote
Display
— Input data from NMEA device
connected to PC
e Define in Configure Inputs or
Configure Outputs

Serial Ports

Configure Inputs - C:\Documents and Settingsidbresko\Application Data\Sea-Bir... @

Instrument Configuration  Serial Ports IWater Samplerl TCRAP F’urts] Miscellaneous | Pump Eontrol]

CTD Serial Port

COM port e Diefaults for SBE 917 plug CTD with
it RS-232C

Baud rate 19200 - Baud Rate = 19200

Data Bits =8

Diata bits m Pty = None
Parity ’m

‘wiater Sampling and 911 Pump Contral Serial Port

Mot applicable unless a water zampler iz selected on'water Sampler tab in Configure Inputs and/or
‘Enable Pump On / Pump Off commands' is selected on Pump Control tab in Configure Inputs.

Setto Defaults

COM part COM2 =

Serial Data Output Serial Part
COM port S 2 Mot applicable unless 'Dutput data to serial
poit' iz selected on "Serial Data Out' tabin

Baud rate 3600 A Configure Qutputs.
[1ata bits 4 v
Stap bits 1 - Pailty None 5

SBE 14 Remote Display Serial Port

Mot applicable unless 'Send data to SBE 14 remate display' iz selected on SBE 14 Remate Display tab
in Carfigure Qutputs.

COM port 04 T

NMEA Seiial Port
COM port M5 7 Mot applicable unless MMEA devics
connected to PC' iz selected in the

Baud rate 4800 - instrument configuration file.

Report | Help | 0K Cancel

10
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SBE . .
ssescece  Real-Time Water Sampling

Imstiument Configuration | Serial Ports  /ater Sampler ] TCR/AP F’olts] Miscellaneous] Pump Controll

e Water sampler
configuration
Water sampler bype: lm

- Type : S BE 3 2 Carousel, Select the gerial port for water zampler operation on the Serial Ports tab.
GO 1 O 1 5 Py GO 1 O 1 6 Mumber of Water Bottles W

[ J Bottle Closure protocol Firing zequence: ’Wj

[~ Enable remate fiing

— Sequential
— User Input

- Ta,ble Drlven Tone for bottle fire confimation;
3 Test Tone " PCintemnal speaker & PC sound card
— Auto Fire [t

— Firing bottles from a
remote computer

Report Help OK Cancel

11



Page 56 of 258

1/14/2012

SBE TCP/IP Ports

e Connect hosts over
ship’s networks

— Communicate with
water sampler

— Output data to
TCP/IP port
e Define in
Configure Inputs or
Configure Outputs

Configure Inputs - C:\Documents and Settings\dbresko.SEABIRD\My Documents)s... EJ

Instrument Configuration] Serial F'orts] ‘wigter Sampler  TCPAAR Parts Miscellaneous] Pumnp Eontrol]

Ports for communication with remote bottle fiing client.

Mot applicable unlezs 'Enable remote firing' is zelected on 'Water Sampler tab
in Configure Inputs.

Feceive commands [default 431E7) A91ET
Send status [default 491E8) 49168

Ports for publishing data to remote clients.

Mot applicable unlezs 'Output raw [or conwverted) data to socket using
TCPAIF iz selected on TCPAP Out tab in Configure Outputs.

Send converted data [default 49161] A91E1
Send raw data [default 431E0] 49160
Report Help 0K Cancel
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TR Miscellaneous

» These parameters
are needed to
calculate specific
variables

e Entries are used
only if outputting
associated variable
to display window,
shared file, remote
device, TCP/IP port,
etc.

Configure Inputs - C:\Documents and Settings\dbresko\pplication Data\Sea-Bir. .. @

Instrument Configuration] Serial Ports] WaterSampIer] TCRAR Parts - Miscellaneous | Pump Control]

Thiz tab configures mizcellaneous data for calculations.
Maote: Walues entered only affect indicated calculations.

Depth and Average Sound Yelocity

Latitude when NMEA is not avallable [

Average Sound Velocity Plume Anamaly
Minimurn pressure [db] 20 Theta-B ]
inimurn salinity [psu] a0 S alinity-B ]

Pressure window size [db] [2p Theta-Z / Salinity-2 ]
Time window size [z] g0 Reference pressure [db] |

Potential Temperature &dnomaly
Al |g &1 |D &1 Multiplier S alinity =

Oxpgen
Window size [g] 2
v Apply Tau comection

Apply hysteresiz comection to SBE 43 when Sea-Bird equation zelected in
instrument configuration file

Descent and Acceleration

‘Window size [z] 2 Set to Defaults

Report | Help | OK | Cancel

13
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SBE  Serial Data Output

e Selected text data
can be sent from
computer running
Seasave to another
computer, in ASCII
or in XML format

Configure Outputs - C:'Program Files' Sea-Bird' Seasave E353 ' 5[

SBE 11pluz Alarms | SBE 14 Remate Display | PC Alarms I Header Form | Diaghostics
Serial Data Out | Seiial Ports | SharedFile Out | Matk Varisbles | TCP/P Out | TCPAP Ports

Select the zerial port for zerial data output on the Serial Ports tab.

¥ Cutput data to serial part

[~ %ML farmat

Seconds between updates W

i Yariable Mame [unit] | Digits |«
1 | Pressune, Digiguartz [db] 4

2 | Saliity [P5U] 5

3_ Temperature [IT5-30, deg C] L]

4

=8

5|

K

8 -

Select Vanables I

Report Help 0K Cancel
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SBE  Shared File Output
Configure Dutputs - C:\Frogram Files\Sea-Bird\Seasave¥7) Seasave.p x|

e Selected text data
can be sent to a
file, in ASCII or
in XML format

* Allows for output
data into a shared
file directory, so
others can use it
when completed

SBE 11plug Alams | SBE 14 Remate Dizplay | PC Alarms | Header Form | Diagnosgtics
Serial Data Out | Seiial Pots  Shared File Out | Mark Variables | TCPAP Out | TEPAP Ports

v Output data to shared file

[ =L format frequired for Seasave Femote]

File: name Select File |

IC:\Test.txt

Seconds betwesn updates IW

it “ariable Mame [unit] Digits | =
1 | Pressure, Strain Gauge [db] 4

2 | Salinity [PSU] 5

3_ Temperature [ T5-30, deg C] o}

4

5

B |

7]

5 i

Select Vaniables |

Report

15
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g@gg@ Mark Variable Selection

Configure Outputs - C:\Program FiIes"-.,Sea—Bird"-.,Seasaveﬁ*':E____ Easave.

SBE 11plus Alarms I SBE 14 Remate Display I PC Alarms | Header Form | Diagnostics
Serial DataOut | SerialPorts | SharedFledu  Mark Varisbles | TCRAP Ot | TCRAP Ports

e Mark variables are
placed onto real-time
plot when Mark Scan
is clicked

— Used to annotate plot
at points of interest

Salinity [PSU]
Temperature [IT5-90, deg )

‘Yariable M ame [unit] | Digitz | =
Pressure, Strain Gauge [db) 4

Select Yariables
Mark Scan Control x|

# Marks: 10

oK Cancel

Report Help




Page 61 of 258

1/14/2012

e Selected text data
can be sent from
computer running
Seasave to another
location on
shipboard network
in ASCII or in
XML format

— For example:
PI’s State Room

TCP/IP Output

Configure Outputs - C: Program Files', Sea-Bird', Seasave

SBE 11plus Alams I SBE 14 Remote Dizplay | PLC Alarms I Header Form | Diagnostics
Serial Data Out | Serial Ports | Shared File Dut | Mark Variables  TCPAP Out | TCPAIP Parts

Select the TCPAP ports on the TCPAP Parts tab.

Raw data

¥ Output rave data bo socket using TCRAP

[~ %ML wrapper and settings

Seconds betwesn raw data updates W

Converted data
¥ Output converted data to socket using TCR/IP
v ML format (required for Seasave Remote)

Seconds bebween converted data updates ID.DDD

# Wariable Mame [unit] | Digits | =

1 | Pressure, Strain Gauges [db] 4

2 | Saliniy P3U] 5

EN Temperature [ITS-90, deg C] 5

7]

5 |

T

i

Ea <
Report | Help | 0K Cancel
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SBE SBE 11plus Alarms

Configure Dutputs - C:\Program Files'Sea-Bird\Seasave¥ 745 =asave.p |

Serial DataOut | Serial Portz | Shared File Out | Mark Wariables | TCP/F Out | TCRAP Ports |
SBE 11plus Alarms | SBE 14 Remate Display | PC Alarms | Header Farm | Diagnostics

e Alarm (11plus makes
an irritating noise to
0 I¥' Enable minimum pressure alarm
nOtlfy you) Sound alarm when pressure is less than [decibarg] Igg_

il Pressure Ll |: E;ablle ma::mum pressurfa alam: i q
ound alarm when pressure is greater than [decibars Img
minimum and/or S—
v Enable altimeter alarm

maXimum Alarm zet point [meters) I‘IU
Alarm hysteresiz (meters) |1

Iinimum pressure to enable alarm [decibars] |2D

— Altimeter

Alarm for a battom contact switch on SBE Splus iz automatically
enabled. Mo setup is required.

— Bottom contact
switch (no setup
required)

Report Help 0K Cancel
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SBE SBE 14 Remote Display

* Remote display
variables are
transmitted to an
SBE 14 in a remote
location (i.e., bridge)

e Also has alarm based
on pressure,
altimeter, and/or
bottom contact
switch data

Configure Dutputs - C:%Program Files' Sea-Bird' Seasave¥ 1, avYe.p 5'

Serial Data Out | Serial Ports | Shared File Out | Mark Variables | TCPAR Out | TCRAR Ports
SEBE 11plus &larms SBE 14 Remote Display I PC &larms I Header Fom I Diagnostics

¥ Send data to SBE 14 remate display
Select the serial port for SBE 14 Remote Dizplay on the Serial Ports tab.

Remate dizplay data type Drepth ﬂ

Depth type Salt water Yl
Seconds between updates |-|

¥ Enable minimum pressure alam

Sound alarm when pressure is less than [decibars] Izg

¥ Enahle mawirmum pressune alam

Sound alarm when pressure is areater than [decibars) |-| non

¥ Enable altimeter alarm

Alarm zet point [meters) |1 il
Alarm hysteresis [meters) |-|

Minimurn pressure to enable alarm [decibars) Izg

¥ Enable bottam contact switch alarm

19
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SBE
[

Remote Display Cabling and
Communication

SBE 14

’| Computer

CTD / CTD Channel
Deck Unit Water Sampler
Channel
(if applicable)

SBE 11plus
Deck
Unit

Remote Display

SBE 14
Remote Display

20
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G e

e Setup alarms in
your computer

— alarm based on
pressure,
altimeter, and/or
bottom contact
switch data

PC Alarms

Configure Dutputs - C:4Program Files'.Sea-Bird: Seasave¥7\Seasave.

Serial Data Qut | Serial Pots | Shared File Dut | Maik Varisbles | TCPAP Out | TCPAP Ports
Header Farm | Diaghostics

SBE 11 plus Alarms I SBE 14 Remate Display PC Alarms

¥ Enable minimum pressure alarm

Saound alarm when pressure iz lezz than [decibarg] Izg

¥ Enable masimum prezsure alam

Sound alarm when pressure is greater than [decibars)  [100p

¥ Enable altimeter alarm

Alarm set point [meters) |-| i
Alarm hysteresis [meters) |-|

inimum prezsure to enable alam [decibarz] |2[|

v Enable hattorn contact switch alam

Tone for alarms:

Test Alam | " PCintemnal speaker % PC zound card

21
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BE
SBE Cast Headers
Configure Outputs - C:\Program Files'Sea-Bird\,Seasave¥ ' Seasave.p: x|

e Header form and
prompts

— Information that is
appended to
beginning of data
saved to file

— Operator may select
prompts appropriate
to his or her work

Serial Data Out | Serial Poits | Shared File Out | Mark Variables | TCRAP Out | TERAP Poits
SEE 11plus &larms I SEE 14 Remate Display I PC &larms Header Form | Diagnostics

Header Choice I Prompt for Header Information ﬂ

Prompt for ine # 01 IShip:

Frompt for line # 02 Istationj

Frompt for line # 03 IDpe[atorj

Frompt for line # 04 ILatiludE:

Prompt for line # 05 ILongitude:|

Frompt for line # 06 I

Frompt for line # 07 I

Frompt for line # 08 I

Frompt for line # 03 |

Frompt for line # 10 I

Frompt for line # 11 I

Frompt for line # 12 |

Report Help 0K Cancel
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(CEEELELTLL

Saving Your Setup

* Data collection parameters and dis
setup parameters may be saved 1
with a name of your choosi
.psa extension

* Each display setu
in a file with

23
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SBE  Acquiring Real-Time Data

Start Real-Time Data Acquisition |g;

D ata Archiving Dptions

* Begin archiving data immediately
¢ Begin archiving data when 'Start Archiving' command is sent
" Do ot archive data for this cast

Output data [ HE=] file

IC: WD ata'Module2\SBE1 Iplusitest hex

Select Output Data File Mame

Configuration Options

Inatrument configuration [ kmlcon or .con] file: [to change zelect Configure [nputs)

CADatabModule WSBE 19plusiMiami.con

Canfigure Inputs | Configure Outputs

Timeout in seconds at startup |1 ]

Timeout in seconds between scans |1 il

Cancel

24
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Always
» Data file, .hex (ASCII representation of binary)
e Header file, .hdr

* Configuration file, .con or .xmlcon
— instrument configuration for cast of ma

Depends on Setup
e Mark file, .mrk
» Bottle file, .bl

* Navigation file

All these fi
but di

25
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(CEEELELTLL

Header Files: .hdr

* Lines beginning with:
— * have information from raw

— ** have user-input head

26
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(CEEELELTLL

Mark Files: .mrk

e Contains 1 data scan for each time M.

Scan button is clicked (variables
Mark Variables tab of Confi

e Same file name as data (.

e:\hot-101\0008A001.MRK:
Scan Pressure
mark number 1, system
44617 1021.
mark number 2, s
52033

27
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SBE
eesssst  Bottle Data File: .bl

e Created when water sampling i1s enabled

» Contains bottle fire sequence numb
position, date and time, and begi
ending scan number corresp
1.5-second duration for e

e Data written to .
data stream 1
received

— Sa

28
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SBE Cross-Check
(e e 4
Correct Configuration Files and
Inspect Data Regularly

* Inspect data routinely by converting to scientific
output as such in SEASAVE)

— Be sure correct CON file with the correct se
coefficients is being used by software

— If sensors are changed mid-cruise, be
file to reflect these changes

— Examine data on each cast to e
if any problems (like MOD

« ALWAYS keep an
data

29
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SBE ¢ g

Carousel Water Sampler )&

NMEA Boxes. \LL

Newport, OR Feb. 2012 \
' Carol D. Janzen, Ph.D. Physical Oceanography"

Dayid Murphy, M.S. Ele al Engineering and |
aphy
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Troubleshooting: The Basics

SENSORS

e The first step is determining
which part of the system has
the problem:

— Do the sensors have valid outp

ACQUISITION
AND
TELEMETRY

— Is the data properly acquired
formatted, and telemetere

POWER &
TELEMETRY
DECODING INTERNAL

or stored? RECORDING
— Is the data prope TME
converted to -
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8 CHANNEL ANALOG FILTERS AND
ANALOG / DIGITAL CONVERTERS

GPS
(NMEA)

RS232
SERIAL DATA

®

SEACABLE SBE11PLUS
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SBE
(SEELLLLL

Note about 9/11plus Data Flow

* Oplus data is transmitted serially
— First are the status bits
— Second are the frequency channels
— Last are the A/D channels
e A bad printed circuit card will s
of each data scan
— A bad A/D board will res

— If the first frequency
no A/D data and t
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SBE 11plus Deck Unit

* No lights on the deck unit front panel

— Check the main power fuse (2 A slo
and 1A slow blow for 240 V sup

— Check that power is being s
deck unit (120 or 240 V

e Most lights on, but
— Check the sea
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SBE
(SEELLLLL

Auxiliary Sensor (0 — 5V analog)
Not Working (no signal)

e Could be the sensor

— Swap sensor for another on a working channel
unit. Note: 4095 A/D counts =0V, 0 A/D

e Could be the cable
— Check bulkhead connectors for si
— If possible, swap in a spare ¢
e Could be the low pass fi

— Channels 0 — 3 are
other; try both ¢
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SBE
(SEELLLLL

Auxiliary Sensor (0 — 5V analog)
Not Working (no signal) (continu

e Test the voltage channel with a ‘D’ Cell battery

— Referencing the end cap drawing for the SBE 9plus
positive terminal to signal and the negative te
ground

— A new ‘D’ cell should read approximat
display or 1.5VDC for the voltage
* Check that power is being s

— Referencing the end cap
voltmeter between pi

— There should be
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eweeeeeee  Temperature, Conductivity, or
Pressure Not Working (no signal

Check the sensor
— Swap the sensor for another on a working channel, check

Check the cable

— If the sensor works on another channel, swap ¢

Check the counter card
— If the primary T or C is affected, swit
— If pressure is affected, open the S

check the deck unit display

Check that power is bei

— Referencing the end
voltmeter betwe
channel) of
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Pump Not Working

e Could be the pump

— Hook the pump up directly to a 1
supply, and verify the pump i
spinning

— Swap the pump out i
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— Verify the

10
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SBE | |
e Pump Not Working (continued)

» Test the pump on deck (water contact pin)

— Connect a jumper from the contact pin to one of
cap Screws

— Turn the deck unit on
— After 60 seconds the pump should b
— Verify the pump impeller is spi

channel)

11



Page 86 of 258

Modulo Errors

e Modulo errors are normally a sympto
cable issues

— A modulo error will normally ¢
the sensors installed on the

— If the number of modul
may be necessary t
connection

— All cables

12
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gssaeg How Can I Tell if My

Wet End Termination Nee
to be Replaced?

Intermittent data dropouts, error li
deck unit, check modulo error

Sea cable fuse blows in d
9+ works fine on tes

13
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%gsg How Do I Know It Isn’t
the Slip Ring?

e Disconnect 9+ and 11+ deck unit

e Connect volt meter to signal wire a
armor; check for small DC volt

— Wet end terminations usuall
into splice between unde
Dissimilar metals an

formed. This mani

14
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SBE
(SEELLLLL

Why Can’t I Use the Ohm
Setting on My Multimet

e Youcan BUT:

— 10 kilometers of cable has ¢
when wound on winch s
some inductance

15
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SRk SBE 9/11plus Communication

CAROUSEL
POWER
AND CONTROL

SBE 9plus

SEACABLE MODEM
SEA CABLE DATA

GPS
RECEIVER

CPU, GPS

WATER
SAMPLER Dalls i (NMEA)
MODEM RECEIVER INTERFACE,

PAR

GPIB PARALLEL
OR
RS232 SERIAL

16
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SBE 11plus Fish/Tape Switch

 Fish/tape switch

— If the fish/tape switch is accidentally moved to
the tape position, the display will show all 0’

17
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(SEELLLLL

SBE 11plus Deck Unit
Communications

* Baud Rates
— Normally 19200 baud from the

— Modem channel is 300 ba
deck unit

18
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gssagg SBE 11plus Deck Unitt,

No Communication with Com

» Green Computer Interface Receive LE
— Check cable
— Check serial port
— Wrong interface selected
 Red Underwater Unit
during initializatio
— Wrong baud

19
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(SEELLLLL

SBE 11plus Keeps Blowing Fu

e Main power fuse

— If the main power fuse continues to
unit is powered on and the sea ¢
the main supply transformer

* Sea cable fuse

— Disconnect equip

¢ Disconnect

20
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S Troubleshooting

NMEA Interface

Navigational data must be in the proper fo
NMEA 0183

It must transmit at the proper spee

4800 baud (9600 also availabl
with 8 data bits and 1 stop bi

Capture

21
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SBE (Connecting the GPS into the
SBE 11plus Box

Mote:

A NMEA navigation device can be NMEA Navigation Device to Deck Unit
connected directiy to the computer o i
instead of to the Deck Unit. This Connect the NMEA navigation devace to the NMEA Input connector on the

feature is supported by Seasave V7 Deck Unit back panel with the supplied 2-pin MS connector
version 7.17 and later; see Sefing Up | (MS3106A4125-35). The connector pin designations are:
CTD Configuration {.xmicon or .con)

File In Seasave in Section 5: Sefting Dreck Umit Tunction

Up Systam. The cutput from Seasave Pin A WMEA A (siznal)

iz the same, regardless of whether the v e

NMEA data was appended in the Deck FinB NMEA B (siemal retum)

Unit or in the computer.

SERIAL DATA UPLINK
o o
MODEM CHANNEL @

2 B
As-2a2

TAPL RECORDER SEA CABLE

Fuse: iwsa m @
FUSE & UOVAL IS8VAC )A- HH && ou ) :

FUSE & TASVACT ISOVAL WA 58 | CAUTION HIGH YOLTAGE |

AC - NOLUTAGE
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NMEA Simulation

» Sea-Bird provides a simulation pro
you can run on a second comp
same computer if the com

COM port

23
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e Capture Some Data
for Comparison

e Cable your computer to your GP

e Use Seaterm to check the tr
data bits, etc.

24
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(SEELLLLL

Water Sampler Physical Problems

e Soak triggers in soap and water
* Never lubricate triggers

e Check 3 screws holding trigger
assembly to pylon for over-
tightening, which causes
distortion of trigger assembly

e Lanyards must run straig
from trigger to water

25
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(SEELLLLL

Water Sampler Electrical Proble

 SBE 11plus carrier detect LED must be li
Oplus carrier detect bit must be set

e Computer must have a functioni
communication port for s

 SBE 11plus modem bo
match sampler type

Check cables

26
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(SEELLLLL

NMEA Box Troubleshootin

e Most problems are setup or cab
* Configuring baud rates

— Box with firmware versi

27
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@ss@@Bs@E ASIDE: Troubleshooting TSG
SBE 45 /38 / NMEA Box

- System Communications
e Most 1ssues are
setup related
R&-232C; 1200, 2400, RS-232C: 4800, 9600,
— Baud rates must 4800, or 9500 baud or 19200 baud
. (user-programmable *); (user-programmable *);
be COIlflgUI'Cd Bdata bits; 1 stop bit; | PN 90402/ 8 data bits; 1 stop bit
SBE no parity SBE 45 o parity
pr operly 45 ) Interface < AT
— Box must be in - B i
the PIORES format NMEA 0183 pretocal; 4800 or 9600 R §-232G: 1200, 2400, 4800, or
baud (user-programmable *); 96500 baud {user-programmable *);
i See manual fOI' & data bits; 1 stop bit; no parity 8 data bits; 1 stop bit; na parity
setup and
. i NMEA ! SBE 38 Remote * Note: Baud rate between
troubleshootlng Navigation Device Interface Box and computer must
T o (not supplied by Temperature be greater than baud rates
information Sea-Bird) Sensor between other instruments/devices
and Interface Box,
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(SEELLLLL

Troubleshooting I/0 Cable

e Perform a loop-back test to test the
computer, comm port, and cable

* With the I/O cable connected to the
computer:
— Disconnect the I/O cable from the C

— Use a bent paper clip to insert in
pins 2 and 3 at the CTD end

— Any characters typed in

paper clip creates
computer)

29
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SBE ,
eesss®® Troubleshooting Data Problems

* There are only two ways you can ruin
your data:

— Deleting your .dat or .hex file

— Opening and then saving your .da
word processor

e There are many ways yo

30
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Data Scan Mismatch

* The SBE 9plus has varying scan length
unused voltage or frequency chann
suppressed

e However, Seasave and Dat
the scan length of the ¢
file against the .da

31
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SBE
Troubleshooting Activity

e What is wrong with this instrument?

32
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(SEELLLLL

Troubleshooting Activity

e Use Seasave to examine data in
C:\Data\Module15\Cast1\BadCast1.dat
— Use BadCastl.con
— Plot display: P 0..6000, T 0..10, S
— Fixed display: add Modulo E

e Use Seasave to examin
C:\Data\Module15\

— Use BadCast2.

33
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Il

Cc}ll{act, ‘ Pﬂa}lﬁy p‘rp ,Proflbs'
and ' \
:'ater Samples

Sea-Bird Electronics, Inc.

| | Newport, OR Feb. 2012
0 carol DJJanzen, Ph.D. j:hys igakOceanogyaphy
. David Mt#phy=NES. El gtrlcal Engineering and

l Oceanography
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Best Practices:
Collecting good CTD Profiles an
Water Samples

» Understanding how your sensors work
— Response times and drift chara
» What you need to know

 Calibration
— Factory and In-Fi

* Minimizing
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Sensor Components

« Device that allows a physical characteristic

of environment to be converted into an electri

signal
« Composed of:

— Active element having a prop
in response to physical ¢

— Circuit that converts thi
that may be meas

« Normal method
or analog-to-
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Ildeal Sensor vs. What you get

* Perfection:

— Reacts to only one physical characteristic
of environment

— Has a response to physical charact
easily modeled mathematically

+ Reality:
— May react to more
of environment

— Response




Page 113 of 258 1/14/2012

Characteristic of all sensors is their
response time

Sensor response to a step change
in their environment is termed their
time constant

— Sensors do not respond instant
in their environment
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Typical Response Time Curve for a Sensor
In this case, and SBE 3 (Temperature)

time constant tests: test (12):843 ref (T1):1123
0. 0000 temqerature, secondargr [deq Cl 25.0000

0009 ]:% » P F [d F C1 25.0000
49.0@0%” TTTT 1T 'ﬁ:m erature, prinar = IERERRNRERE ERRRER
E [ m
: ® g o~ - :
- [ ‘© o 3
- [
o (R ! —— 31
- P o q=,
3 E = -3
- E IJ-at
7] - 3
o [ 7
0
[=] - -
3 F 3
a [ ]
2 E =
= 3 s/ns4a3
o - 3t =0.183 sec
- e © = 60.9 msec
E 3 s/n 1123 (ref)
= . 1 3t =0.172sec
51.000E Ul i bovea brvealanes v bv e g A © = 57.2 msec
~-1.00000 secondary temp - primary temp [deg C 9.00000
SN = 2333 T = 3.5974 P = -0.921 843T1.DAT

SBE dynamic response tests of SBE 3/F sensors yield a time constant of 60 milliseconds when
used with a TC duct. A very sharp temperature step (~ 0.010 sec) is presented through a TC
duct. The reference sensor (s/n 1123) provides a reference measure of the step sharpness.
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Conductivity Sensors Measure
Resistance of Water

* Volume in the cell acts as the resistor
— Length/Area = constant
— Measure conductivity directly between wet
— Need to keep volume of cell constant

« All conductivity sensors respon
influenced by
— Flow of sample through t
— Temperature (90%
— Heat capacity of
— Electrode c
— Cell ge
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SBE Conductivity Cells Easier to Control
Because of Zero External Field

» Quter electrodes are connected together so no voltage
difference exists to create an external electrical current

— Immune to proximity errors
— This allows for attaching a pump for flow control

« DO NOT STICK ANYTHING INSIDE THE CEL

Nmm /- CURRENT FIELD
oot s |/~ ELECTRODE

i 7
\Tﬁ / e ]
e e P S T T e e e T e
e Ve < :

A good estimate of SBE 4 ti
*Typical for all Se
*Sea-Bird modifi
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Response of SBE 43 DO Flow Dependen

Boundary layer near sensor when pump turns on
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SBE 43 Sensor Response

Pump Off

Step Functior{
\ \

\Low oxygen Layer Builds \

* o o 00004»01

SBE43 Output Volta
N
w

1.9
1.7 Steady State Pump On
1 .5 T T T
0 50 100 150 200 250 300

Seconds

10
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Pressure

« Step changes in pressure not typically
the ocean environment

 Pressure sensor time cons

« Sensors are temp
mitigates this b
inside the

11
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Temperature Effect on Pressure

o pressure [db] 2.00
I N T T T T 1 |},| T T T T T T T T 1
Pif T
E r{\f_. ~2.5 hours ——
= ) ~ Warm to cold-——|
d-. ’-_'_‘_‘—-—-_
]
>
// Upto5hours _ |
f Cold to Warm |
f |
ol L [ [ | |||||||J|||\|||||||||
0.00 temperature, ITS-90 [deg C] 30.00

If the CTD is brought up from very cold depth, it can take 4-5 hours for pressure
sensor to be completely at equilibrium. If making a pressure check on the ship deck,
do so before making a CTD profile and after the CTD has been at a stable temperature.

12
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Drift In SBE Sensors

« Temperature and Pressure sensors tend t
drift in offset

— Due mostly to aging ~0.001°C p
SBE 3 temperature sensors

— Fatigue on mechanical
pressure sensors

« Conductivity a
in slope
— Due

13
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Example of Offset Drift
SBE 3 Temperature Calibration History
<0.000625 deg C / Year

SBE3 2882 Mk Change
06-Apr-00 0.00
05-Jun-01 0.68
10-Nov-01  0.79
09-Jul-04 2.27

01-Feb-05 2.06
13-Dec-05 3.69

0.010

0.005

29-Sep-06  2.60
08-Aug-07 2.81
07-Mar-08 3.55

P k< e

clT TTI?ET

0.000

3.55 mK differ
Over 8 years
Servicing oth
-0.005 calibration

Residual, (Degrees C)

_0.010I\IIIII\I\III\\IIII\I\IIII\I\III

5 10 15 20 25 30
Temperature, Degrees C

35

14
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Example of Offset Drift
SBE 9+ Digiquartz Pressure Sensor
8 Year Calibration History

SBE9plus 0385

10 [@] 08-Jun-02 -0.13
Ca] 11-Nov-04 -1.32
(W] 04-Aug-05 -0.58
[w ] 13-Oct-06 -1.72
15-Jan-08 -1.66
5 05-Jan-10 -1.38
<
O "o } < 0.32 dbarly
=
=3
o
w
& 5
_10 I I I |

0 1000 2000 3000 4000 5000 G000 7000 8000 9000 10000 11000
Pressure (PSIA

15
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Example of Slope Drift

SBE 4
9-Year Calibration History

< -0.003 psu

05-Jun-01 1.0000000
09-Nov-01 1.0001012
09-Jul-04 1.0000772
02-Feb-05 1.0000762

13-Dec-05 1.0000198
29-Sep-06 1.0000223
07-Aug-07 1.0000811
07-Mar-08 1.0001033
17-Sep-08 1.0000312

0.0010 SBE4 2363
0.0005
/
E
a
=
=
A=
3 N
¥ 10.0005 —
_0_0010\\\IIIII 1111
0 1

Siemens/m

bl

01-Apr-09 1.0000287
30-Apr-10 1.0000706

9 Years of Calibration
Indicates sensor drift
at 3 S/m <0.0003 S/m
Or

< 0.003 psu

16



Page 125 of 258 1/14/2012

Example of Slope Drift
SBE 43 Dissolved O, Sensor

SBE43 1049
0.2 [® | 06-May-09p 1.0000
A | 04-Jun-10p 1.0149
W] 09-Jun-10p 1.0158
0.1
Drift
= < 1.5% per year
=00 - ¢ —
£ | sl d normal for
§ e healthy sensor
3 s S|
[0} Iy -
.01 :
02 L1l L1l
0 1

17
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Factory Calibration Baths

SBE 4 Calibrati Bath

Water sampler on rig

18
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Sea-Bird Calibration Bath
Operations

» Place sensors in a precisely controlled

temperature environment
— T, C, and DO baths
— Temperature measured at 11 points
— Salinity samples taken at each of 6 temperature steps

» Provides means of changing O, concentratic
dissolved oxygen calibration using gase
— DO calibrated at 18 points (6 temperature
steps)
— Response time tests are condu
« Compare to either a physic
triple point of water, Wi
called a secondar

19
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IT90

SEA-BIRD ELECTRONICS, INC.

13431 NE 20th Street, Bellevue, Washington, 98005-2010 USA Ca I i b rat i o n S h eets

Phane: (425) 643 - 9866 Fax (425) 643 - 9954 Email: seabird@seabird com

Reading SBE

Example SBE 3

SEMSOR SERIAL NUMRFR « 3700 SBE3 TEMPERATURE CALIERATION DATA

CALIBRATION DATE: 28-Diec-9% ITS-90 TEMPERATURE SCALE

ITS-%) COEFFICTENTS TPTS-68 COEFFICIENTS

g = 4.36260004e-003 & = 3.67991178e-003

Ty=  6.49083037e-004 b = £.04738390e-004
= 2.42497805e-005 e = 1.65374250e-005 2 A
= 2.36365545e-006 d = 2.36525963e-006 IPTS 68 Coeff|C|entS
| = 1000.0 £0 = 2978.914

CoeffiCientS ATH TEMP INSTRUMENT FREQ INST TEMP

Residual, (Degreas C)

(ITS-50) (Hz) {ITS-90)
-1.4039 2978.914 -1.4040
1.1062 3149.847 1.1063
4.5979 3399.248 4.5980
B.1955 3670.718 B.1954
11.6295 3943.970 11.6295
15.1862 4241.874 15.1861
18.6903 4550.560 18.6904
22.1892 4874.139 22.1893
25.7491 5219.423 25.7491
29.1638 5566.173 29.1637
32.6970 5941.274 32,6970

Tempersture ITS-90 = 1i{z + biin(f /0] = 1" (540] + {1 (L1} - 273,05 'O

Tempersture IPTS-68= 1{a + blInf /0] + ¢lin'(£,1)] + dlin (£1)]} - 273.15(°C)

RESIDUAL
(ITS-90)
-0.00008

0.00009
0.0o007
-0.00004
-0.00007
-0.00009
0.00008
0.o0o007
-0.00000
-0.00005
0.00001

Following the recommendation of JPOTS: Tna is assumed to be 1.00024 * Tn{-i 035 °0)

Residual = instrument temperature - bath te mpe rature

0.002:
0.001
0.000 APy o il i Y &
e —%
-0.001
pope et e v bvern brvean b b e
-5 o 5 25 30 35

10 15 20
Temperature, Degraes C

Residuals = instrument T - bath T

} Calibration Equations

Date, Offset(mdeg

=m0 L Pre and Post Calibrations
Denoting drift in millidegrees

Residuals shown above plotted against
Bath reference temperatures or Known
Temperature

20
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Pressure Sensor Calibrations

« Digiquartz sensors are
supplied by Paroscientific
with coefficients derived from
a calibration performed over
temperatures between

0-125 °C.

« When we calibrate pressure
at Sea-Bird, a dead-weight
pressure generator is used to
subject the sensor to :
increments of known
pressures.

21
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For You to Do
Keeping Track of Pressure Offsets
in the Lab or Field

* Phy S|caIIP/ locate the instrument in the orientation
that it will have when deployed

— All pressure sensors are sensitive to their orientati
due to gravity on the fluids that fill their capillari

- Make offset measurement in a consta
temperature environment, with the |
temperature the same as the envi

— temperature transient residual ef

 Measure the offset

— Best practlce measure
agalnst a barometer

— In a pinch, measure
— Measure offset

 Maintain a lo

22
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Track the Drift of SBE 9plus
Pressure Offset with Time

Offset in Decibars

0
1
2
3

-4
5
6
7
8

Drift appears
randomly

23
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How to Measure Pressure
Offset in the Lab Using a

Barometer
» With offset in .con or .xmlcon file set to 0.0, pressure
measured by CTD should equal barometric press
» Calculate offset (db) =

barometer reading — CTD readin

— Conversion of psia to decibars:
decibars = (psia - 14.7) * 0.6894759
» Enter calculated offset in .con or .

« Example:
— CTD reads -2.5 dbars

— Barometer reads 14.65
Converting to decibars
(14.65-14.7) * 0.6

— offset (db) = bar

24
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Entering Pressure Offset in
the CON or XMLCON File

ssure, Digiguartz with TC 1 x|

Serial number |2544;:_q

Calibration date |95‘|D‘|3

* Pressure offset is N S

entered with the - Il:

calibration coefficients R
D2 [o000000es000
T [zarmeon

* Adjust your CON - T

. 5 T3 [3.515516e-006
(XMLCON) files prior " o

to collecting or 5 oo

. Slope IW
pl’OCGSSIng data Oifset  [572000
ADSIOM [ Ta7000e002

#D5308 |-8.55395De+nnu

‘ Impart | Ezport | QK I Cancel

25
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Profiling and Water Sampling
Best Practices

How long to soak before profiling

How long to soak before firing wate
closed

Precautions in cold places
Reducing sampling err
How to recognize

compariso

1/14/2012

26
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Soaking Before Profiling

« Always allow CTD to soak at the surface before a profi

— Purge air from plumbing before pumps turn on
+ SBE 9+ allows you to turn on CTD after it has soaked in
+ At 10 m, trapped air bubbles are squeezed and are e

pump

— This also allows equilibration of entire caro
temperature, so you have less risk of s
— Allows power-on transients in sens
+ 2secsin SBE T,C sensors for 10

— Oxygen Sensor stabilization
+ 30 secs (SBE43) to set

» Soaking tip: use 2 displ
— Fixed or scrolled
to check all s

27
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Deploying in Very Cold Places

» Glass conductivity cell is subject to breakage d
water freezing in cell

« Remove all water from conductivity cell

— Repeated ice formation (film or
electrodes will degrade calib
PSU level

 Make a solution of 1%

— Use 0.5 micron f
seawater

Never use

28
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Data Artifacts Caused by the Underwater
Package

Ship heave causes
underwater package
to loop through
water

Accelerations and
decelerations
caused by ship
heave cause water
entrained within =1
package to blow by | |
sensors ; ‘
Use a higher drop b i
speed (1.0-1.5 m/s) 1 | ¢ 3
to minimize i
pressure reversals l i s
— Note: slower g

sampling CTDS

have a reduction i

resolution at

drop spee

Rapid Descent
Ship Heave Slows
Descent Rapi

29
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Other Sources of Measurement Misalignment

The CTD samples sensors uniformly in time, but unducted sensors arrive at
corresponding structure at different times. Ducted TC sensors will always see the
same water sample, reducing this effect. DO and Fluorometers will see therr
different times

Physical
Misalignment

30
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Optimize Sample Rate and
Descent Speed

« Capture data at 24 Hz for best correction
salinity spiking error

» Use a higher drop speed (1.0-1.5
minimize pressure reversals is
of ship heave
— View descent rate output

well you are doing

* Know where your
frame
— Measure f

31
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Note position of Bottles with
respect to the CTD sensors

Middle of Bottle # Holding time
Sample Before
Firing bottles
Closed
Flush time

CTD Sensors =
i Water column

stabilization

32
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Profile showing
spiking of data due
to drop speed
variation

Example here had a drop
speed average of 0.5 m/s
-Wire Lowered

-Calm Conditions

pressure [dbarl

profile 'S;D?AEETQ t~dZ/dE) m/s1

0.500 1.000 4.500 2.000
T T T T B A R N R

C#) salinity [ppt]
o 83,

o
ow
n
°
w
o

20.0

25.0

u
o e

s ° ° o o ° o

L T T 0 B ) ) L O i

8 2

.0

S0, 0li i1 It Latiaitiiaa IR Lo ooy i

8 0.000 42.000 14 .00 48.0 18.

CT> temperature [C]

Lo apy peampgen g {7 T o 1 O T PR T 1 L gy I R T P o 5 2 o |

000000 24.200, 24,800 25,000 28.400 as.
Qle> density (sigma-theta) [kg/m~3]

2tmas .dat: profile 2, matched, aligned., dz/dt shifted

R/V New Horizon, SCRIPPS

M
YOI O 0 O SR 0 A DRI U UGB DOV TR TR ] O Y O R O ST O W A TR AN OO |
N

In
“a
o

o
o
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Example of Ship Heave Effects
With and Without the pump on

Pump Off, heave apparent in all data,

i and DO mismatch between up and
Pump On, reducmg effect of down casts shows loss of flow from

ship heave pump

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
Dened Sk, Fracie

... dz/dt

34
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Making Independent Comparisons
with Discrete Water Samples

« Take water samples in parts of water column
where change in parameter of interest is small
compared to size of underwater package

* Be sure to allow the carousel to stabilize in the
water column prior to firing bottles

— How long should you hold the carousel before firing
bottles closed?

- Important point: sometimes water sample bottles
leak . %

35
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Collect water in regions where
conditions are not changing

00012001 .dat: 1992 Station 1 HOT data, down and up cast

0.00 oxygen [mLlL/1] 10.00
[ [ [ [ [ | [ [ [ [ |
0.00 temperature 30.00
o 1T 1T 1T 1T 1T 1T 1T 17| INT T r 1 r 1t 1. T 11 TTIN T 1
T
@ | |
i
= — p—
w
wm
@ — p—
i
Q. L —
1100 1 I 1 I 1 | 1 I 1 I 1
0.00 conductivity, pri [S/m] 6.00

36
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Variability in the surface layer can
cause poor agreement with surface
CTD measurements

Pressure [dbar]

0.02 -0.02 0 002 -0.02 0 0.02
Salinity (CTD—-Bottle) Salinity (CTD-Botile) Salinity (CTD-Bottle)

L. Tupas, et al., Hawaii Ocean Time Series Data Report 9, 1997. University of Hawaii, School
Of Ocean and Earth Science and Technology, page 21.

37
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Why bottle samples do not always
match CTD data

» Tracking sensor accuracy is goal
» Problems can arise

— Position of Niskin bottle on frame with r
sensors or intake of plumbing

— Rinsing of Niskin bottles and th
— Hold time at depth of bottle fi
— Leaky Niskin bottles
— Time of water sam

38
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How to Check Niskin Bottles for
L eaks

» Bottle/CTD comparisons bad at one
depths

Run underwater package do
nice, uniform water

Close all water bottl
Run salinities o
Compare sal

39
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GO oL

Annual Preventive Maintenance

* Inspect all cables and connectors.
— Replace as required (usually good for up to

 Inspect all anodes.
— Replace as required.

 Inspect the housing for corrosi

— Remove all installed senso
inspection.

* Replace Teflon Tap

— Remove, re-lubri
(use DC4 an
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GO oL

Re-Lubricating Hardware

Place DC4 in the screw hole to fill the blind end
the hole.

— This prevents sea water from filling the spac
hardware and housing corrosion.

— It also prevents the growth of salt ¢
stuck hardware.

e (Coat the screw with Blue
and prevent binding of

* Wipe up any exces
* These coating
periodic re
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SBE
(SLELLLLL

Hardware Lubrication

* When installing hardware in titanium

housings:

— DC4 -- No Blue Moly --
* When installing hardware 1

housings:

— DC4 -- Yes
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GO oL

Handling Opened Instruments

» All electronics have
varying levels of ESD
susceptibility.

* When handling any
electronics, observe
ESD precautions.

ATTENTION

OBSERVE PRECAUTIONS

FOR HANDLING

ELECTROSTATIC £
SENSITIVE DEVICES
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O-Rings

 Inspect and replace O-rings that
frequently with regularity.

— For example, battery en
* Replace O-rings th
least every 3 to
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Types of O-Ring Seals used by S

RADIAL
CLEAR (:}/'\
— _|.I I_|. .|'
GLAIJD ST
DEPT, IS FIaL

GROOVYE

AXIAL AND RADIAL SEAL
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GO oL

Seals

Axial and piston seals are usually installe
conjunction with one another.

Other instruments use dual pisto

e Some instruments use an L-

— L-seals work well for uni
are well suited to hi

— L-seals also us
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Open the Instrument

e Disassemble the instrument in ac
with the manual instructions.

 Remove the O-rings that

— Do not use metal too

— Clean the old S
instrument’
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GO oL

Cleaning O-Ring Surfaces

» Use Kimwipes or the equivalent
when cleaning O-ring sealing
surfaces and O-rings.

— Kimwipes are a low-lint wipe.

e Avoid using paper-towels and
Q-Tips, because they may leave

fibers behind that could bridg
an O-ring.

.......

10
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GO oL

Inspect the New Seal

* Visually inspect the seal in goo
flaws or imperfections.

* Also inspect by fe
— Perform the fe

11
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i 2l Flaws to Look and Feel For

Voids and Ir

12
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SBE
Proper O-Ring Lubrication

e SBE uses ONLY Parker
Super O-Lube for lubrication
of O-rings that we install.

e The KEY to proper
application is to use a small
amount and provide a light
film where it 1s applied.

SILICONE BASE
NET WT. 2 0z

13
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GO oL

Applying the Lubricant

* Apply a thin
continuous film of
lubricant over the
entire O-ring surface
by running it through
your fingers, checking
one last time for flaws.

* Install the O-ring in
the O-ring groove

14



Page 163 of 258 1/14/2012

Lubricate the Housing

 Inspect the housing
O-ring surface.

e Apply alight
coating of Parker
O-ring lube.

e This prevents the
O-ring from binding
during installation.

15
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Closing the Instrument

* Replace or re-condition the desicca

» Back-fill the instrument W1th a
possible (for example, dry
Argon).

* Properly lubricate
hardware.

Verify oper

16



Page 165 of 258 1/14/2012

Pump Maintenance

e The pump drive motor is magneticall
to the impeller.

e The shaft has an upper and 1
with the impeller mount
thrust washers and 1
single O-ring ins

e Avoid runn

17
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Pump Impeller

e Periodically inspect the

impeller thrust washers
and the pump impeller
housing.

* Replace the thrust
washers and impeller
retaining O-ring annuall
or as required.

18
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GO oL

What if the Pump 1sn’t Running?

e The pump impeller can become bo
sand, sediment, and salt crysta

e If the pump is not runnin
pump head and inspe
thrust washers to

19
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Emergency Maintenance

» Replacing a damaged bulkhead co
the most common emergency.

e Re-wiring of CTD connec
We recommend that mai
instrument’s electr

are easier

20
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SBE
What to Expect Inside -- SBE 9plus

y Al - :
& f i b
o o= ‘: j ¢ Phiadit 434 L40
Qae V5 Vo < l \i
i ] < . ) \
PR ] - | "))
~os & id el b~ | No-d)
3 ALY 15 ) w1/ 2
7 | A [ < ZEAE
f \ > 1 + } >
4 i | NC -
f ! | ‘ ;‘

Bottom End Cap Wiring

21
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GO oL

If you Decide to Replace a Connect

* Remember to observe ESD precauti
e After removing the damaged
remove all LocTite® resid

— Use wooden or plasti
available.

22
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Connector Installation

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

This LocTite® is service —
removable, but when set, "%‘f{é{f
will keep the connector

firmly in place.

Use LocTite® or a
substitute thread-loc
when replacing

1/14/2012

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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David Murphy, M.S. Electrical Engineering and
Oceanography

1/14/2012



Page 180 of 258 1/14/2012

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: Modulo

— Pressure, temperature,
and conductivity data

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

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

e 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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g@B@g Specifying How Much Data Per

Bottle Closure

e Data extraction is referenced to t
of closure

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

e Scan range
total to
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[ e

Summarizing and Tabulating Da

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

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

— Additional parameters ma
averaged variables

— Data is output to a

— If a .blfile 1s
.btl file
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[ e

2% Bottle Summary

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

[ Output mindrmas values for averaged vanables

- Variables Created Select Averaged Variables... |
by Data Select Denved Vanables... |
Conversion may O |
I Apply Tau corection

be selected for

inclusion in the =
.btl file “fariable Mame [unit] Average ml
Freszure, Digiquartz [db] x
Temperature [IT5-90, deg C] > Clear &l |
Salinity [PSU] [
Density [sigma-theta, K.g/m™3] ]
“olkage 2 >
“olkage 4 [
Scan Count (|
ak. I Cancel I

Start Process | Carncel |
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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|
Add Density Shrirk All |

[l Mitragen 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
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Example of Converted Data
Using Sea Plot

Plot of Important Data, 687_7.cnv
Beam Afteruation, Chelsea/Seatechivwetlalh CStar [1/m]
1.7 1|8 1.9 20 2.1 22

T T T 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
Salinity [PSU]
28.90

[} [¥] =
i} =} wm
I I 1

Pressure, Strain Gauge [db]

w
=1
n

35

4041 1

Beam
A ttenug

! T T T I? T

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

T 1 1
o 248 .
Fluorescence, Seatech
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Example of Converted data in a TS Plot

Temperature vs Salinity

25—

™
]
o

20+

)
o

o

Termperature [ITS-90, deg C]
=
]

T T T T T TTHE T T TR T T
SRR

33.s0 3375 3400 3425 3450 3475 3500
Salinity [P5U

1 1 Ll rrrtrrtrrrrlrtrrrrrrrrrroaea I N I I T T T O
a 1 1 1 1 1 1 1

3525

35.50

10



Page 189 of 258 1/14/2012

[ 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

[ J
Q
©)
=
o
a
=
=

U)o}
=+

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 mismatc
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 the
sensor to rapid changes in oxyge

— SBE recommends keeping

15
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SBE Examples of Deep Ocean Hysteresis
G

Dissolved Oxygen (micromoles/liter)
180 190 200 210 220 230 240 250 260
1000.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
Uncorrected data e Qe
shown left, with S O oty
fematrhad im0 T S
mismatched up 2000.0 R
and down casts [ 5
3000.0 | . . '
Corrected data | 3 Black Line is
shown right : hysteresis corrected
overlays Winkler | § 0000 ] CTD F
values (not ¢
corrected to ) . 3
Winklers) so000 | Circles are Winkler E
values for oxygen on \ f
the same cast. \ /
6000.0 - o
from

Equatorial Atlantic

16
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g&a‘g Dissolved O,
Deep-Ocean Hysteresis

7 == Data Conversion
; x
Oxygen, SBE 43 B .—I Fle Options Help

Serial number Iugug Filz Setup | DetaSetup Miscelancous | Header View |

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

Calibration date: |23-Sep-2DD?1

Depth and Average Sound Velasity

Latitude when NMEA is not available Ig

Averags Sound Velasity Plume Anomaly

Minimum pressure [db] lgg— Theta-B Ig—
Minmum sainiy (s [0 || Seinyd | —
Soc IDSB?‘i M |1 J92634e-004 Pressure windaw size [db] lzg— ThetaZ ¢ SalinityZ Ig—
Time window size [5] lgg— FRieference pressure [db] Ig—
Walfset [ 5 250002001 D2 [4e4803e-002 ——
escent and Acceleration
A [-2 95300e-004 H1 Window size 5] E—
Tt

B [1.40130e-004 H2 | s g E
C -3 351 60e-006 H2 ¥ Appls Tau cortertion
E [3 B0000e-002
Tau20 |1

Import | Export | QK I Cancel |

These must be in CON file
for Hysteresis Corrections t

™ Use Dwens-Millard Equation

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

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

Potential Temperaturs Anamaly

80 o AT Al Ml s %
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 bef
affected

— Gaps can be larger (multipl

— Modulo Error count onl
how many times...

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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SB 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=§10dI];rror: Nfodul
scan or set of scans _—

dropped

* 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 2NN 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 2.6525¢-02 5.9963e+00 2.7.
1 0.000e+00

3535 147.250 123.057 17.4611 17.4611 5.046168 5.046203 3.0159 5.27708 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 259087 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 147.458 205.989 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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SBE Plot Modulo Error (11)
Can see if on both down and up cast
BDUMPESC_];CH'U'

'ﬂ Down Cast

A

g Modulg
St T

e | Error
N — -

; T
m / Up Cast

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
I T } T T T T } T T } T T T T I T T } T T T } T T T T I T
Conductivity [S/m]
12 14 16 13 20 22 24 26 28
0 C T I T I T } T T } T T T I T T T } T T } j\ T T I T T T } T
100F /’/_/J_/—/ /
e (
= ]
I,
3007:
400F MOdUlO
500 ’; T OXVOlt EL I Or
6001 %
Too-F
800 F1o11 } | } L | } L1 | } 1111 I 1111 I 1111 I 1111 I 1111 I | } L1 | } L 11| } L 11| } L 11|
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Temperature [ITS-90, deg C]
I I | I 1 1 } | 1 I | I I | I | } | I | } I | } L 1| } | I 1 1 ]
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 malnl}I) 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 [

Filter Type

Claar &l |

A, |

i . Temperature [ T5-90, deg C] c-ne -
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 and
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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% 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

28
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SBE  Examples 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

29
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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:*Z 9+ Ducted Data Aligned
ata

No alignment

30
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SBE Manipulati.ng pata to
Remove Misalignment
Post Processing

AIignD . o=l
e AnalignmentonT and Cis ™ ® **

. . FieSetup Data Setup | Headeriew |
done automatically in
the 11plus

e Alignment can change from =
:
defalﬂt due tO Changes m Wariable Mame [urit] g\.ﬁdvahce-[sec}. CEEEA

plumbing that increase or ' g:mnjj;t:jgﬁan; deat]

decrease pumping speed || SmmimE
o Use Align CTD module to 2 e B ]
match temperature and

conductivity data streams

=

olao|lo|a

Kk Cancal

Start Process |

31
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SBE Lxample of Different Alignments
[ e
of T and C

Original Data

ensntg 2[s§mat Kg/l 2]8
27.900 27.925 27.950 27.975 '28.000 28 25 050 28.075 28.100

500 o e e e R e RN Re—

salinity
density

700 iiii}iiii}iiii}iiii} }iiii}

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

Conductivity Advanced 2 Scans (0.084s)
Densit sigma-t, Kg/m”3
27.900 27.925 27.950 27. ¥7 2?000 281025 28.050 28.075 28.100

500gr e

525+
550
575+
600-] salinity
density

625+
650

Pressure, Digiquartz [db]

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 [sgma—t, K%/mAS
27.900 27.925 27.950 27.875 000 28.

500 N e e

.050 28.075 28.100

salinity
density

Pre:
T

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)

ensng [sggmat Kg/m"3
27.900 27.925 27.950 27.975 000 .025 2

500gr Tt
525

.050 28.075 28.100

550

= =3
3,575 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]

32
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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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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
25 ygS.O 3.5[ ]4.0 45 kX )

1.5 2.0 5.0 2.00 2.25 250 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50
Ok\\\\%\\\\%\\\\%\\\\%\\\ %\\\\%\\I\ 0H\\}\\H}H\\}HH}HH}HH}HH}HH}H‘HH
10 r
QO,E 50*;

—_ = o C
g 30¢ 2100
5’ 50£ (2150*5
g) -I- — :
o %% £ 200-F
g 70 %] C
5 E ) E
@ 80F 5250
[0] L
T 90E 8 F
100k%\\\\%\\\\%\\\\%\\\\%\\\\%\\\ &300*\\\}\\\\}\\\}\\\\}\\\\}\\\\}\\‘
175 200 225 250 275  30.0 175 200 225 250 275 300

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

34
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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 r

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

Derive: Oxygen, SBE 43 in ml/] for

— Name append D
— Accept default 2.0 second wi

35



Page 214 of 258 1/14/2012

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

36
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SBE Effect of Conductivity
Cell Thermal Mass on
Computed Salinity Values

» Glass conductivity cell stores heat
e A warm cell warms water moving
e A cold cell cools water movin

e This causes water in cell
than thermometer me

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 th
amplitude of the error luid thermal 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 dependen
varies as V -1/2

38
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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

39
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SBE
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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 |
v Conect priman: canductivity walues
Temperatute sensar o 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 003

Themal anomaly time constant [1/beta] !?

Start Process |

Exit I Cancel

40
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SBE 9+ Salinity
with and without CTM

Green Salinity processed with CTM
correction

Black Salinity unprocessed

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

41
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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 i I T i I i

E B ship heave

[ T C mismatch

| Descent

| rate
2o0.op—L 1 1 | | | 1 L1 1 1

-18.00 descent rate [m/s] 2.00

Plotting dz/dt (desce

43
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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

&% Loop Edit i =10l =l
) Data errors File Options  Help

. . File Setup  Data Setup |
introduced this R

Minimum velacity type Fired minimum velocity
Way 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

45
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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 Process options . LB
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

46
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[ e

Removing Package-
Induced Data Artifacts,
Loop Edit

Tetapirsturs [T5-50: deg <]

47
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BE
g@@@@@ DERIVE

Dependent Variables

* Dependent Variables

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

e Once DERIVE is run on data, sh
derived variables

48
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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, d

— If bin averaging u

bins and dow
The surface bi

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

50
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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

51
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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
— Match to historic
— TS reproducibili
Look for de

52



Page 231 of 258 1/14/2012

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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Pre-Cruise Equipment Checks

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




Page 235 of 258 1/16/2012

SBE
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What should be checked?
(Recommendations)

All connectors and cabling

All hardware/fasteners, moun
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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Re-Install Cables and Dummy Plugs

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

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

— SBE recommends Dow
Corning® DC4 for
lubrication.

e Never use petroleum-based
products.

nnnnnnnn
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Proper Installation Technique

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

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

* Burp the connector to
remove any trapped air
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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.

* Verify there are
each other.
— Look fo
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Inspect the Instrument’s Plumbin

e Plumbing should be clean and free of s
biological deposits.

— Clean/replace as necessary.
e 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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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 communication
with the instrument.

 If possible, use t

11
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Record Some Data

* Log and check some data.

* A clean garbage can
way to do this, but i

12
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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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Tools & Spare Parts

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

* Your level of expertise / What level of se
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

* Remoteness of
— Will you

14
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Tools

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

» Assorted screwdrivers
e Nut-drivers
e Cutters
Pliers

15
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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

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

16



Page 249 of 258 1/16/2012

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

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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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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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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After / Between Casts

e Rinse the equipment thoroughly with fresh

— On some vessels the amount of fresh water &
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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SBE 32 Carousel
Water Sampler Care

* Proper care and maintenance of the 1
assemblies will help ensure reliab
— Never use any lubricants on th
— The latches are water lubri

— Depending on the ti
latches in a bu

— Removin
of the

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

 [f 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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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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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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After Cleaning

e Allow the instrument to dry.
* Open the battery compartment and r
exhausted batteries.

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

e Follow all storage gui
sensors and for t

26
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