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Sensors & biofouling




Biofouling example
Marine Benthic Observatories.




Biofouling example

YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM
150 days ¢ April - Sept 2005 ¢ St Anne Portzic Brest

“h

Photo : Ifremer (FR) L. Delauney




Biofouling example

YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM
150 days ¢ April - Sept 2005 ¢ St Anne Portzic Brest




Biofouling example

Optisens Transmissometer
90 days ¢ August - October 2005 ¢ Trondheim

Photo : Ifremer (FR) L. Delauney




Biofouling example
Seapoint Fluorometer
90 days ¢ May - July 2006 ¢ Brest
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Biofouling example
70 days ¢ June - August 2005 OHeIgoIand DE

Ifremer (FR) L. Delauney Y. Faijan
GKSS (DE) K. Kroeger et Al. - CNRS UPR15 (FR) H. Gat et Al.




Biofouling example

» Materials and shape should be chosen very carefully In order to
reduce fouling attachment.

40 days ¢ August - October 2005 ¢ Helgoland - DE

Photos : Ifremer (FR) L. Delauney




Biofouling effect on marine sensors :
Progressive interface modification.

» Optical sensors : turbidimeter, fluorometer, ...,
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he based sensors : pH, oxygen.

2mbrane permeability modifications.
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response time, etc.




Biofouling effect on an in-situ Fluorometer

100 days# 19 may - 31 Augus# Millport
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Sensor deviation example : conductivity

133 days¢ 03 June - 16 October 2009 St Anne Portzic Brest
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Conductivity Measurement - TPS35 Micrel Instrument




Objectives

The protection system must delay the biofouling eff ect on the
response of the measuring system for at least 1 mon  th in severe
conditions and for 3 months in average condition.

For specific applications like deep sea observatori es, biofouling
protection effect should last for at least 6 months

The protection system should be compatible with aut onomous
energy supplying (batteries).

The protection system must be adaptable quite easil  y on existing
instrumentation.

The protection system must not affect the measureme nts produced.




Protection Strategy




Global Protection

» Pumping is needed

MAREL - Ifremer
Mesures Automatisées pour I'environnement littoral
(Autonomous Measurement for Coastal Environment)




Local Protection

» Pumping system not needed

> Biocide can be localised as close as
possible of the sensing element of
the instrument.




Coated window Protection

» Optical sensor, camera, lights, ...

> Biocide generation is situated on
the window surface.

» Biocide quantity needed is very low.

TriOS microFlu -chl




EXisting biofeuling proetection

for eceanographic Sensers




Mechanical Protection

YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM




Fhoto courtesy of USGS, Santa Cruz

Mechanical Protection

ZEBRA-TECH (NZ) — Hydro Wiper

Photos courtesy of MScience Phy Ld,
Australia

Photo courtesy of NIWA, New Zealand

Photos : Zebra-Tech Web Site




Mechanical Protectior

ZEBRA-TECH (NZ) — Opto Shutter

D-Opto dissolved oxygen sensor with Shutter closed Shutter open
Shutter fitted

D-Opto
Shutter

Photos : Zebra-Tech Web Site




Mechanical Protection

ZEBRA-TECH (NZ) — Opto Shutter

Film : Courtesy of NORTEKMED




Copper Biofouling protection

Fluorimeter Seapoint + Hobilabs Hydroshutter

Ifremer (FR) L. Delauney Ifremer (FR) L. Delauney




Copper Biofouling protection

Fluorimeter Seapoint + Hobilabs Hydroshutter

Ifremer (FR) L. Del




Biocide tablets
Seabird conductivity sensor => TBT

Illustration : NKE lustration : NKE




Sensors biofouling protection by
seawater electrolysis




Sensors biofouling protection by
seawater electrolysis

~Tempo mini
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Coated window Protection

40 days ¢ August - October 2005 ¢ Helgoland - DE

Ifremer (FR) L. Delauney Y. Faijan
GKSS (DE) K. Kroeger et Al. - CNRS UPR15 (FR) H. @&t et Al.




Conclusion




Locall chlornnation
Py seawater electrolysis
for biofouling protection

Off oceanographic Sensors

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr




Chlorine Generation System
In Sea Water

» Sea water electrolysis : Hypochlorous Acid generati on.

« Counter electrode »
® Cathode (+)

Current

2H,0 +2 e > 20H+H,

Note : Anode and Cathode naming is electrochemistonvention, electricity convention is the opposite

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr




Chlorine Generation System
In Sea Water

2CI— > Cl + 2¢

Then in function of pH and Temperature

CL+H,0 «— H +CI @

HCIO «<—— H +CIO

When pH => btw 7 and 8.5, temperature has no effect (Chambers et al.)
Seawater pH = 8.2

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr




Chlorine Generation System
In Sea Water

2H,0 +2¢ — 20H +H,

A deposit can be observed on the counter electrode :

Mg”" + 20H — Mg(OH),

Ca” + Mg +2CO;——>» CaCO;.MgCO;

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr




Laboratory and
In situ

tests




Jiests performed :




Jiests performed :




In situ results

Local chlorination
by seawater electrolysis




Local Chlerination
In situ biefouling prevention efficiency test

100 days duration®® 19th may- 31st Aug ¢ Millport
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Local Chlerination
In situ biefouling prevention efficiency test

133 dayse 03 June- 16 October 2003 St Anne Portzic Brest
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Summer/Fall
2008

Underwater network (3 km)
40m to 300m deep

6 months between
maintenance... ETES
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VENUS TRANSMISSOMETER

lfremer Biofouling Protection — VENUS Data
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VENUS TRANSMISSOMETER
lfremer Biofouling Protection — VENUS Data

VENUS Sl 48°39.0722' N/ 123°29.1685" W 99.8m
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Protection antisalissure
chloration localisée (procédé ifremer)

Transmissometer Biofouling Protection
System

Faul Macoun (VEMUS Project Enginger)

A enstonuzed bio-fouling
N protection system was in-
stalled on the Saanich Inlet
SeaTech Transmissometer in
" Febmarcy 2008. Ths local
- chlormation system was de-
veloped by En'-glrmxs at the
. French research institute
IFREAMER.
The system :¢ comprnsed of 3
& clectrodes, one adjacent to
each optical window on the
| Transmissometer, and one
centrally located hetween the
oo windows. The electrodes
are supported by a small
honsing which contams the
svatem controller and several Lithrom cells.
The prnciple used to reduce bio-fouling iz the electrolysis of
sea water, which prodnces free chlonine m the meinity of the
optical windows. The controller alternates voltage potential
hetween the central electrode and each window electrode
switching every 10 nunutes.
Figure 4 shows the IFREMER system mounted on the
SeaTech Transnussometer. Figure 5 12 5 graph of Transnue-
someter data from March 1—Aug 1 2007 [+ symbol) overlad
swith datz from the same interval the *'o]lc:-mag vear [hnem
There 15 a noticeable difference from before and after the sys-

s

ﬁgure 4. IMF REMER Biofouling sys-
fem on WENUS

tem was monnted 1o the Transmussometer. The 2007 data in-
dicate progressive fouling and resulting sional attenuation. The
2008 data look reasonable untd mid-summer. The enginesrs at
IFREMER believe the Lathsum cells had become depleted at
thiz point, and as 2 result we begmn to see sipnal attenuation in
June and July 2008,

In September 2008 the hio-fouling system was redeploved on
the Transmissometer. The latest : mprovement to the system
was the inclusion of a cable linkage to 2 Sciennfic Instrument
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Figure 5, Transmissometer Dota Comparison 2007 - 2008

Interface Modnle fS]:DrT:-. The system 15 now powered continu-

T'ENLS md IF'RE"'.EER sarall n:on‘.:mae to collaborate on bio-
touling protection svstems. The present plan is to use the local
chlopnation svstem to protect other optical instruments on the
TALIOUS 4:::]:vnsva.1:vatn::rr:;r platforms.




Seafloor observatory
Neptune




Tempo Mini

Biofouling protection




Tempo Mini

Biofouling protection




MOMAR-D - Lucky Strike - Acores

RDT & DEEP & IDM

MOMAR-D 2010-11-14 11:58:50




Conclusion

* | ocal Protection can be adapted to many kind of inst rument
guite easily.

* The energy need is compatible with autonemous monitor Ing
(2 D cell for 3 months).

* Good results have been obtained for parameters common )Y
used for marine monitoring

 |ocal Protection can be scheduled in order to leave fre e time
Interval to perform the measurement (i needed).

« 50 mm diameter windows ofi optical sensors have been
protected with success.

* In some situations, pumping should be kept in order to flush
the system to prevent sediment trap or deposit on sens ors.




Prospective

Biofouling management

» Fouling sensor for optimized scheduling

» Synchronization with the sensor to protect

Area to protect

Active fouling
protection device

Synchronization with
the sensor to protect

Scheduling
board




Prospective

Global Biofeuling management

=
=

uonessiuiwpe aIloys uQ

Fouhng
sensor




Prospective

Biefouling management

Smart Sensors

Applications

YValorisation

TLor
S TTLor
S RS or
s1Rs4as

Ethernet
from the JB nterfa o Serial instrument

switch

W =T

l/ L e\ \
JB Embyded sma services 4
LA, (] I—.

Data RS 232 or RSABSor RS4Z2

g = =

* Composant clé dans l'architecture des observatoires pour assurer l'interopérabilité et la
compatibilité des instruments sur différentes architectures cablées et non cablées.

* Coeur numérique de nouvelle génération:
» Ajoute des services et des fonctionnalités réseaux aux instruments actuels

* Permet la conception d’instruments/capteurs de nouvelle génération, communicants, basés
sur Ethernet )

\

» Création d’'un consortium basé sur un développement collaboratif regroupant plusieurs
instituts: Ifremer, Ensieta, IPGP/INSU, UPC Barcelone/SARTI (Espagne), KDM (Allemagne):
Collaborations, publications...
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