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Overview

Biogeochemical Sensors
This module covers the following:
* Introduction to Modular Biogeochemical Sensors
- Integrating analog sensors on voltage channels

- Example using ECO Fluorometer
- Transmissometer, PAR and custom sensors

+ Integrating SBE 43 Dissolved Oxygen Sensor
- Plumbing and flow considerations
— Care and storage
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Introduction to Modular Sensors

€ e Biogeochemical Sensors

* Modular sensors can
be used on systems
with additional
voltage channels:

— SBE 9plus

— SBE 16, 16plus, 16plus- LY
IM, 16plus V2, 16plus- 3
IM V2,

— SBE 19, 19plus, 19plus
V2

— SBE 25, 25plus

.

Biogeochemical
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Integrating Modular Sensors

€3 e Modular Sensor Integration

« Ininternally recording CTDs, the channel that the sensor is
connected to must be enabled in the CTD
- If the channel is not enabled, the CTD will not supply power to the sensor
or acquire data from the sensor

« For all CTDs, the configuration file for our real-time data
acquisition software (Seasave) and post-processing software (SBE
Data Processing) must designate where the sensor's raw data falls
within the data stream, and the sensor's calibration coefficients

+ Sea-Bird handles this if you purchase the sensor(s) integrated with
the CTD
- If you make changes in the field, you must do this yourself!

We will cover this in more detail in Modules 24 and 25.

Sea-Bird’s website includes a number of Application Notes providing details on setting
up the CTD to work with auxiliary sensors and calculating calibration coefficients to
enter in our software (see www.seabird.com/application-notes). Following is a list of the

application notes and their associated sensors:

7: Sea Tech and Chelsea (Alphatracka) Transmissometers

9: Sea Tech Fluorometer and WET Labs Flash Lamp Fluorometer (FLF)
11General: PAR Light Sensors

11Chelsea: Chelsea PAR Light Sensor with Built-In Log Amplifier
11Licor: Licor Underwater Type SA PAR Light Sensor without Built-In Log Amplifier
11QSP-L: Biospherical PAR Sensor with Built-In Log Amplifier
11QSP-PD: Biospherical PAR Sensor without Built-In Log Amplifier
11S: Biospherical Surface PAR Light Sensor with SBE 11plus Deck Unit
16: D&A Instruments OBS-3 Optical Backscatter Sensor

39: Chelsea Aquatracka Fluorometer

41: WET Labs WETStar Fluorometer

48: Seapoint Turbidity Meter

54: Seapoint Fluorometer

61: Chelsea Minitracka Fluorometer

62: WET Labs ECO-AFL and ECO-FL Fluorometer, ECO-NTU Turbidity Meter, and ECO-FL-NTU
Fluorometer/Turbidity Meter

63: Turner SCUFA (1, I1, or I1l) Fluorometer/OBS

72: WET Labs ECO-FL Fluorometer with Bio-Wiper™

74: Turner Cyclops-7 Fluorometer or Turbidity Sensor

77: Seapoint Ultraviolet Fluorometer

81: Campbell Scientific/D&A OBS-3+ Optical Backscatter Sensor

87: Wet Labs ECO-BB Scattering / Turbidity Meter

91: WET Labs C-Star Transmissometer

95: Teledyne Benthos Altimeter
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Integrating Modular Sensors (continued)

€3 e Integrating Modular Sensors

« Setup the sensor for profiling
— Varies for each instrument

» Mount the sensor on the CTD and connect to a
voltage channel

« Use Seaterm V2 software to enable voltage
channels

« Edit .xmlcon or .con file to include additional

sensors
« Verify sensor functionality
« Test integrated system functionality
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Integrating Modular Sensors (continued)

€ o SBE 9plus End Cap

Top End Cap Bottom End Cap
Water Sampler Ssn Cable Bottom
SEARAM Contact Pul
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or Serial Output Port

The top end cap of the 9plus has bulkhead connectors for all auxiliary sensors. Auxiliary
sensors are those that are not temperature, conductivity, or pressure. Each auxiliary
bulkhead has inputs for two 0 — 5V differential input channels. In addition, there is a
2-pin connector for the sea cable and a 3-pin connector for a GO 1015 rosette sampler.
The center connector connects to the SBE 17plus (a memory module), a remote

instrument, or an SBE 32 Carousel Water Sampler.

The bottom end cap has connectors for pairs of temperature and conductivity sensors,
pump power, and a bottom contact switch. The bottom contact switch is mechanical, with
a weight that hangs below the instrument package. When the weight contacts the ocean

bottom, a bit is set in the data stream and an alarm in the SBE 11plus deck unit sounds.

WARNING! Do not plug the sea cable into the pump or bottom contact connector; this
could cause serious damage to the CTD. In 2007, Sea-Bird changed the bottom contact

connector to a female connector to reduce the possibility of this error; older units can be
retrofitted if desired.
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Integrating Modular Sensors (continued)

€ Biogeochemical Sensors

» (CTD status response
(DS) in SeatermV2
indicated if sensor
channels are enabled
or disabled

+ If the channel is not
enabled, CTD will not
supply power to
sensor or acquire data
from sensor

AG-308-HP We), T
Auxiliary Differontial Input 4,5
Pin Signat
1 Camman

Sea-Bird CTDs can be configured with a wide range of auxiliary sensors. For example,
the SBE 19plus V2 has three 6-pin bulkhead connectors for voltage output (0-5 volt)
auxiliary sensors, each of which can accommodate two sensors (using a Y-cable). It also
has one 4-pin bulkhead connector for an RS-232 output sensor. The connectors provide

power to and acquire data from the auxiliary sensors.

Sea-Bird CTDs can accommodate almost any voltage output (0-5 volt) sensor whose response
can be described with a polynomial equation. However, the 19plus V2 is currently limited to
one of the following RS-232 sensors: SBE 63 optical DO sensor; SBE 38 secondary
temperature sensor; WET Labs sensor (single, dual, or triple channel ECO sensor; WETStar; or
C-Star); Pro-Oceanus Gas Tension Device; Aanderaa Oxygen Optode 4330 or 4835.

Note: Several WET Labs sensors are available as either voltage or RS-232 sensors.

As mentioned in Module 1, if you purchase auxiliary sensors from Sea-Bird along with
the CTD, we handle the sensor integration — enabling the channel in the CTD, modifying
the configuration file to describe where the data falls within the data stream and provide
the calibration coefficients, and doing any required setup of the auxiliary sensor itself. If

you add or remove a sensor in the field, you must do this work yourself.
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Biogeochemical Sensors: WET Labs ECO Example

S B Adding Biogeochemical Sensors: ECO-FL Example

» ECO-FL can be used for profiling or moorings
- Profiling = Open bio-wiper when power applied, keep it
open, and sample and transmit data continuously

— Moored — Open bio-wiper when power applied, sample
and transmit data, close bio-wiper; repeat

« In this module, we focus on the profiling application. The
moored set up instructions are provided later in Module 11.

We will run through one example of setting up a CTD for use with an auxiliary sensor,
using the WET Labs ECO-FL fluorometer sensor. Application Note 72 provides details
on the setup of this sensor.

The ECO can be used as a profiling sensor or a moored sensor. For this example, we will
be using the SBE 19plus V2 in profiling mode, so we must first plug the ECO directly
into the computer and set it up to work in profiling mode. We will do another example in

Module 11 on setting up the system for operating in moored mode.
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Biogeochemical Sensors: WET Labs ECO Example

(continued)
€5 s=iene Single Channel ECO: Setting ASV

« Setup ECO for profiling in ECOView software or a terminal program
- m (access sensor command set)
- Sset Oinote space between command and numkber)
- $pk1 0 {note space between command and number)
~ $sto (store settings in memory)

+ ASV = Analog Scale Value: Adjusting analog output for expected range
- Single channel ECOs allow users to modify the range of the analog signal cutput te:
+  Encompass full range of the sensor
+  Decrease the range, increasing resolution, by a factor of 2 or 4
= Factory default — ASV set to 4 (full scale)

«  Send following commands to set ASV setting

fasv 1,2 ord

ASV Value Scale Factor Range Resolution
4 26 0-125 ug ChiN 0.03 pg Chil
2 13 0-60 pg Chil 0.015 pg Chi

1 6 0-30 pg Chl/ 0.007 pg Chll

ASV is the Analog Scale Value. Single channel ECOs allow users to modify the range
of the analog signal output to:

e Encompass the full range of the sensor.

e Decrease the range, increasing resolution, by a factor of 2 or 4.

The factory default ASV is set to 4 (full scale).

The table above shows the ASVs and scale factors needed for your expected range of
values for Chlorophyll a for the ECO-FL.

While still connected directly to the ECO sensor, set the ASV.

Note: The ASV cannot be modified in dual-channel ECOs (such as ECO-FLNTU, which

has both fluorometer and turbidity channels) or triple-channel ECOs (such as the ECO
Triplet, which has a user-defined combination of fluorometer and scattering channels).
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Biogeochemical Sensors: WET Labs ECO Example

(continued)

» Plug ECO into voltage channel 0 (can be any channel) on 19plus
V2; connect CTD to computer

= Run SeatermV2; send commands to 19plus V2
- Biowiper=y (provide enough time for bio-wiper to close after
sending a status command)
- MP (profiling mode)
- Volt0=y (enable voltage channel 0)
— SetVoltType0=ECOFL (sensor type on voltage channel 0)
- SetVoltSN0=12345 (serial n umber of sensor on voltage channel 0)
- Send DS (verify setup)

As mentioned earlier, when enabling/disabling a parameter, y and 1 are equivalent, and n
and 0 are equivalent (i.e., VoltO=y and Volt0=1 both enable voltage channel 0). The
commands for enabling/disabling each voltage channel are VVoltO= through Volt5=.

The SetVoltTypeO= and SetVVoltSNO= commands record the user-input sensor types and
serial numbers, and are informational only; the GetHD status response displays these,
which may be useful for record keeping. The commands for each voltage channel are
SetVoltType0= through SetVoltType5= and SetVoltSNO= through SetVVoltSN5=.

Note: For this example, we are using a voltage output version of the ECO-FL. It is also
available as an RS-232 sensor. If using the RS-232 version, the command to enable the
RS-232 channel in the 19plus V2 is WetLabs=y. And the informational commands to
record the serial instrument type and serial number are SetSerial Type= and
SetSerialSN=.
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Biogeochemical Sensors: WET Labs ECO Example

(continued)

When done with the setup, the status (DS) response should look like this
(items not shown in bold may vary):

SBE 16plus V 2.5 SERIAL NO. 4000 24 Jan 2011 14:02:13

vbatt=10.1, viith = 8.9, ioper = 61.9 ma, ipump = 20.8 ma, iext01 = 76.2 ma,

status = not logging

samples = 0, free = 3463060

sample interval = 60 seconds, number of measurements per sample = 1

pump = run pump during sample, delay before sampling = 4.0 seconds, delay after sampling =
4.0 seconds

transmit real-time = yes

battery cutoff = 7.5 volts

pressure sensor = strain gauge, range = 1000.0

SBE 38=no, SBE50=no, WETLABS=no, OFTODE=no, SBE63=no, Gas Tension Device=no

Ext Volt 0 = yes, Ext Volt 1 =no
Ext Volt 2 = no, Ext Volt 3 =no
Ext Volt 4 = no, Ext Volt5 = no

echo characters = yes Note: If you put the WET Labs sensor on the
output format = raw HEX serial RS-232 connector, then WETLABS=yes
serial sync mode disabled and Ext Volt 0 = no

When the setup is complete, the DS response should show mode = profile (the CTD will
operate in profiling mode) and Ext VoltO = yes (you enabled voltage channel 0, so the
CTD will supply power to that channel and incorporate data from that channel into the
CTD data stream).

Additionally, because we set Biowiper=y, the response shows

wait 4 seconds for biowiper to close

before it measures the enabled external voltage currents.
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Biogeochemical Sensors: WET Labs ECO Example

(continued)

« More setup in SeatermV2

— DelayBeforeSampling=4 (provide enough time after applying
power for ECO-FL bio-wiper to open before taking a sample)

« Note: DelayBeforeSampling=4is sufficient if ECO-FL is
set up to take a single measurement for each sample ($pkt 1);
increase it if taking more measurements for each sample.

- DelayAfterSampling=4 (provide enough time for ECO-FL
bio-wiper to close after taking a sample, before turning off power)

— Send DS (verify setup)
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Biogeochemical Sensors: WET Labs ECO Example

(continued)
USSR Biogeochemical Sensors: ECO-FL Example

‘the SBE 16plus V2 Seacal CTD ;:’ﬂ

Corfigurstion lie cpened: None

. 5@! up conﬁguralion (xmlcon) file in
Pressues sensol lype T = |
ﬁBE “Data Proc 9 [Stian Gauge ~l
+ Most recent calibration coefficients need to )
be enter for each s nnranl
- Forsingle channel ECO se nor it i
important to use the co log Sample interval seconds [
coefficients hased on th eAQ\/ setting -
being used I~ NMEA postion data added
Channel Sensor New
1. Court Temperatre
_ = 2 Frequency Conductiviy
 Fluorometec, WET Labs ECOAFLIEL X Aol Brasdin) Sush e
E T L Fccometer. WET Labs ECO AFLFL saveiacl

SeialRS2C 500t [Nore

~Ouen- ]

Seriol prber |

Caleaton date |
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Modly... |

Dok ot [0 0000
Scale faclar  [7.00000000e+000
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If using Seasave (real-time data acquisition), you must modify/create the configuration file before
deploying. Select 1 for External voltage channels. A/D voltage O appears in the table, labeled Free.
Double click to get a list of supported voltage sensors; click the + sign by Fluorometers, and select
WET Labs ECO-AFL/FL. A dialog box appears; enter calibration coefficients for the sensor.

What if you have multiple auxiliary sensors, and they are not using sequential channels (for
example, sensors plugged into channels 0 and 4)? In SeatermV/2, enable channels 0 and 4 in the
CTD, so the CTD provides power to and receives data from those channels. In Seasave, select 2 for
External voltage channels. A/D voltage 0 and A/D voltage 1 then appear in the table. In the
configuration file, voltage O corresponds to the first auxiliary sensor voltage in the data stream, and

voltage 1 corresponds to the second.

If not doing real-time data acquisition (i.e., deploying on non-conducting cable, and uploading
data later), create/modify the configuration file when you run SBE Data Processing (post-
processing software). Seasave and SBE Data Processing use the same configuration file.

Note: For a dual-channel voltage-output ECO-FLNTU, you must enable two voltage channels in
both CTD and configuration file. For a Triplet (available only as a RS-232 sensor), you must enable

the RS-232 channel inthe CTD (WetLabs=y) and select WET Labs as the RS-232 sensor in the
configuration file; the software automatically creates 3 RS-232 channels in the configuration file.
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Biogeochemical Sensors: WET Labs ECO Example
(continued)

Skl Eco Calibration/Characterization Sheets

FLNTU Characterization Sheet

Dotw iy 30.2012 SN FLNTUS-2771

Chlorophyll Scale Factor
Chdcrognl concetiaton wegressct 0 g con be it s the ecgie
CHL (ug/l) = Scale Factor x (Output - Dark Counts)

Nephelometric Turbidity Unit (NTU) Scale Factor
Turbidity ursts expressed in NTU can be derived using the equatce:

NTU = Scale Factor x (Output - Dark Counts)

These are calibration sheets for an ECO-FLNTU; one calibration sheet is for the fluorometer
(FL) channel while the other is for the turbidity (NTU) channel. Both show the Dark Counts
and Scale Factor to input in the Sea-Bird configuration file

The ECO-FLNTU is a dual-channel voltage-output instrument. You must enable two voltage
channels in both the CTD and configuration file when using this sensor.
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Biogeochemical Sensors: WET Labs ECO Example
(continued)

€ st ECO Placement on CTD

» Mount ECO sensors with:

— Clear path in front of
optics face

* Allow as much free space
in front of sensor face as
possible

» Ensure cables are tied to
CTD/frame so no
cables/ties
are able to float in front of
sensor face

— Detector pointed away from
CTD body

Attach the ECO on the CTD cage or to the CTD housing, with the optical window facing
in the direction you are profiling...preferred down. Be sure nothing is in the direct path of
the optical window, and that nothing can reflect light back towards the sensor.

Remove the protective cap before deployment!
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Biogeochemical Sensors: WET Labs ECO Example

(continued)

To test ECO functionality:
— Begin with ECO pointed into open space

— Place a fluorescent stick or your hand 6-8" (15-20 cm) away,
in front of sensor face

- Slowly move stick/hand toward sensor

» Voltage should increase as stick/hand gets closer to sensor
face

- Slowly move stick/hand away from sensor face
+ Voltage should decrease as distance increases

== u.

M

It is always good to be sure that all sensors are outputting data once they are installed.

Sea-Bird does this by placing the assembled CTD with all auxiliary sensors into a test
bath overnight and examining the recorded data the following day, prior to shipping to
customers. If you install your own sensors, you may want to do something similar, or
perform a bench test to ensure all sensor channels that are enabled are outputting data the
way you think they should, and that you do not have something plugged into the wrong

channel or enabled incorrectly in the CTD.

Easy checks for functionality include:

e The ECO-FL test described above. The fluorescent stick is shipped with the sensor.

e Conductivity check - Zero conductivity test with a dry conductivity cell and in air
(should output a frequency very close to the zero conductivity calibration frequency
on the conductivity sensor calibration sheet that came with your CTD).

e Temperature check.

e Pressure check - At a known elevation (quick check) or against a barometer (more
precise).

e Scan output rate check.
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Biogeochemical Sensors: WET Labs ECO Example

(continued)
€5 s=iene Testing Integrated Functionality

» Run entire system as it will be deployed to
ensure:

— Cables/connectors are working

- If other instruments on the package will
interfere with sensor data

« Water may intensify or cancel EMF
interference




18  Module 25: Biogeochemical Sensor Setup and Use

Integrating Transmissometers

« Transmissometers should be mounted with:

- A clear optical path
+ Ensure cables are tied to the CTD/frame so no
cables/ties are able to float in front of sensor face
— Mounting clamps should be around the center
portion of the sensor body
« Clamping on each end can torque the sensor
during deployment causing erroneous data
- Consider material of mounting hardware
+ DO NOT use stainless steel hose clamps on the
aluminum body of a transmissometer — it will
corrode
- Tape body of sensor prior to using 55 clamps

+ DO NOT over tighten as this can damage plastic
bodies

€3 e Mounting Transmissometers

- —




Module 25: Biogeochemical Sensor Setup and Use 19

Integrating Transmissometers (continued)

Testing Transmissometer Functionality

+ Clean windows of the Transmissometer
« Take in air reading
- Voltage should be close to in air values on cal sheet

- Taking in air reading prior to cleaning windows will indicate if windows
were cleaned or dirtied in the process

+ Higher voltage = cleaner windows
+ Block optical path to determine if offset/dark counts can be
matched

- Using different substances to block the path (ie printer paper vs. hand)
will vary voltage output
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Adding Surface PAR

€5 =unne Collecting Surface PAR

+ The SBE 11plus, 33, or 36 will sample a PAR
(Photosynthetically Active Radiation) sensor
that is on the ship, for comparison with a PAR
sensor mounted on the instrument package

+ Each sample is appended to a data scan from
the CTD

Sea-Bird deck units may be equipped with an A/D interface intended to digitize the signal
from a deck-mounted PAR sensor. This is standard equipment for the SBE 11plus and
optional for the SBE 33 and 36. In Seasave, Surface PAR data is appended to real-time
data if you select Surface PAR voltage added in the instrument configuration (.con or

Xxmlcon) file dialog box.

Mount the Surface PAR sensor where it will not be shadowed by anything overhead. The
Surface PAR sensor is used in conjunction with a PAR sensor mounted on the instrument

package.
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Supporting Custom Auxiliary Sensors

§ R Supporting Custom Auxiliary Sensors

 Seasave provides User Poly equations, so you
can enter coefficients (a0, al, a2, a3) for a
polynomial to calculate a value from the A/D
conversion made by the CTD
— Defines an equation to relate sensor output
voltage to calculate engineering units, if
your sensor is not pre-defined in the
software
—Value=A0+ (al*V) + (a2 *V2) + (a3 *V3)
where V is voltage output from sensor

For instruments that are not supported in Seasave, a meaningful display of data can be
made by specifying a user polynomial to be applied to the 0 — 5V data. The user

polynomial can be up to 3" order:

Value (in engineering units) =a0 + (a1l * V) + (a2 * V?) + (a3 * V?)

where:
V = voltage from sensor

a0, al, a2, and a3 = user-defined sensor polynomial coefficients, specified in the
instrument configuration (.con or .xmlcon) file
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Adding 9600 Baud Data Channel to 911plus

‘ SEe Adding 9600 Baud Data Channel to a 9/11plus

« A 9600 Baud data channel can be multiplexed
into the 9plus data stream

Designed for multi-channel spectrometers

« Can be used with acoustic Doppler current
meters (LADCP)

« May be used by any serial instrument

Data is broken out separately at 11plus

As optional equipment, a 9600-baud serial channel can be multiplexed into the 9plus data
stream, allowing external instruments that transmit serial data at 9600 baud or less to
send their data up the sea cable. This data channel was designed for multi-channel

spectrometers; however, it has also been used with acoustic Doppler current meters.

The 9600 baud channel can also be used with an instrument that transmits at 19200 baud

in burst mode, so that the overall rate of transmission does not exceed 9600 baud.
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Integrating Dissolved Oxygen

€ oo Integrating the SBE 43 Oxygen Sensor:
Plumbing

* Plumbing must be considered

- DO is plumbed in line with the
CTD, between the outflow from
conductivity cell and the inflow to
the pump.

- Additional information can be
found in App Note 64 on the Sea-
Bird Website

« Like other sensors, SBE 43 is
cabled to A/D input on the CTD.
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Integrating Dissolved Oxygen (continued)

€ rore Integrating the SBE 43 Oxygen Sensor:

Flow considerations

+ The pump must be turned on before sampling
oxygen so that the water establishes a normal
boundary layer above the oxygen electrode
and the sensor equilibrates.

- For moored applications, increase pump
time.

— For profiling applications, soak the
instrument package at the surface at the
start of the cast.
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Integrating Dissolved Oxygen (continued)

€ oo Integrating the SBE 43 Oxygen Sensor:
Sensor response when pump turns off

i L |
| i

Pump Stops Low Oxygen Layer Steady State
Builds as flow drops

B
.
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Integrating Dissolved

Oxygen (continued)

Pump Starts

I/Fﬂuu

lJH

Boundary Layer Thins Steady State

FF

[ R Integrating the SBE 43 Oxygen Sensor:
Sensor response when the pump turns on
= [ — = ‘
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Integrating Dissolved Oxygen (continued)

[ SR Integrating the SBE 43 Oxygen Sensor:
SBE 43 sensor response to flow
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Preparing for Moored Deployment

§ R Preparing for Moored Deployment

+ Use copper tape for biofouling. We request that moored
instrument NOT be painted with marine anti-bottom paint, as the
paint will contaminate calibration baths. If instrument is painted,
all paint must be removed from instrument prior to its return to
Sea-Bird for re-calibration

« Install fresh batteries

+ Check outputs from temperature and conductivity and other
sensors

+ Set internal clock

= Set ID for instruments using inductive modems
or R5-48

+ Check all cabling, and lubricate and reset underwater connections




