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real-time ocean seabed facility was
Autilized in the testing and develop-
ment of a long-term deployable con-
ductivity and temperature sensor, the
Infinity CTW, made by JFE ALEC Co.
Ltd. (Kobe, Japan). This instrument
employs a novel wiper technology to
ensure that the conductivity cell
remains free and clear of biological
growth, thereby ensuring good long-
term measurement stability.

The Victoria Experimental Network
Under the Sea (VENUS) is a cabled
ocean observatory located at the south-
ern end of Vancouver Island, Canada.
The observatory is an undersea labora-
tory that provides ocean researchers
with live data streams from three per-
manent seabed locations. Each location
is powered from shore and linked to the
Internet through an underwater fiber
optic cable. Several platforms reside at
each location and support a host of sen-
sors and instruments. The data streams
from these instruments are available
online.

The CTW has been installed on
VENUS for a 10-month period starting
last March. For the long-term monitor-
ing of salinity on a mooring, the stabili-

Deployment platform, VENUS digital
pan and tilt camera system with cradle
platform.

ty of the conductivity sensor is a key
consideration, because the conductivity
measurement is very sensitive to bio-
fouling on the sensing surfaces. To
reduce calibration drift over time, it is
necessary to keep the sensor free of bio-
logical growth.

In some cases, chemicals are used.
The toxic chemical tributyltin slows
down biofouling by poisoning the fluid
surrounding the sensor. However, this
technique is often not effective enough
to protect the conductivity sensor in
regions of high biological activity, and it
cannot be used in environmentally sen-
sitive areas (e.g., near coral reefs). As a
result, regular maintenance to remove
biofouling from a sensor protected in

www.sea-technology.com

this manner is required. In extreme
cases, the instrument has to be
replaced.

The CTW, on the other hand, has an
integrated mechanical piston wiper that
periodically sweeps the internal cavity
of the conductivity cell. As reported in
Sea Technology’s February 2005 issue,
preliminary testing confirmed that the
wiper is effective in keeping the sensor
free of biological growth for monthlong
deployment periods without requiring
chemicals or manual cleaning of the
sensor.

Influence of Biofouling on Sensors
Inductive and electrode-cell-type
sensors are used extensively to measure
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the electrical conductivity (or, more
accurately, the conductance) of seawa-
ter—which is, in turn, used in the cal-
culation of salinity—but they are sus-
ceptible to biofouling inside the sensor.
An inductive sensor measures conduc-
tivity by inducing an electrical field
with a toroidal transformer. The result-
ing electrical current, which is mea-
sured with another transformer,
depends on the water’s conductivity
and the geometry of the sensor. The
highest density of the electrical current
is in the center of the toroid, where the
accumulation of marine organisms
strongly affects the measured conduc-

tance. Moreover, part of the electric
field is external to the toroid, and so any
material buildup on the outside of the
sensor will also affect the calibration.
The electrode-cell-type sensor, on the
other hand, measures conductivity with

metallic electrodes in direct contact
with the seawater. Typically, electrodes
are mounted on the inner wall of a glass
tube, ideally in a configuration that
confines the electric field to the inside
of the tube.

Biological growth inside the tube
changes both the geometry and the
electrical contact between the elec-
trodes and seawater. These combine to
compromise the original sensor calibra-
tion.

(Left) Time-series data of temperature, con-
ductivity and salinity from the digital cam-
era study site of the VENUS cabled obser-
vatory from March 2009.

(Below) A pristine conductivity sensor (left)
and recovered sensor (right) after a six-
month deployment.

How the CTW Works

The CTW is an electrode-cell-type
sensor. A pair of electrodes of equal
polarity () are located at the ends of the
cavity and share a common electrode
(+) in the center of the cell. The oppos-

_ STEEL CONSTRUCTION, |
- RATED TO 2000M v

'ﬁ[ﬁ]@ @DM ﬁ@mﬂﬂw ﬂ[ﬂ@{t @@ﬁ ID@@EB}DED

TUMBLE FREE
MECHANISM ~/

i
;c;mfdm@m

ERGONOMIC HANDLES To AID |
LAUNCH AND RECOVERY v

! BEAM ANGLE
L ADJUSTER /

‘ DUAL FREQUENCY ‘
TRANSDUCERS v

& @M@ @@@[@Tﬁ@w

! C MAX Ltd, 9Hybns Busmess Park Crossways Dorchester Dorset DT2 3BF UK
TeI +44 ) 1305 853005 Fax: +44 (0) 1305 852136 e-mall sales@omaxsonar com |

© BREAKAWAY FINS v/

'HEADING AND DEPTH
SENSOR OPTIONS v

DF Version - i !
-———h
100kHz = 325kHz = 780kHz
500m/5|de 150m/5|de 87. 5m/5|de
| EDF Ver5|on

ﬂ 40kg (881bs) In air, 32kg (70Ibs) in water

(Full speclflcatlons for the DeepTow fish and all
other CM2 equipment and software can be found at

WWW cmaxsonar com

38 st / FEBRUARY 2010

www.sea-technology.com




“Field testing on the VENUS cabled observatory

shows that the wiper function prevented biofouling

and maintained the stability of conductivity and

salinity measurements throughout a 10-month period

in a highly productive coastal environment.”

ing electrodes drive a current that is
completely contained in the inner cavi-
ty of the sensor.

In this arrangement, the measure-
ments are not affected by any growth
on the outside walls of the sensor. A
pair of pickup electrodes measures the
potentials (voltages) created by the
drive electrodes (which are in the fluid
contained in the cavity), and this poten-
tial is a function of the fluid’s conduc-
tivity.

Pressure effects cause no significant
variation of the distance between the
electrodes or cross-sectional area, so
the sensor only measures changes in
the seawater conductivity.

A simple and effective solution for
maintaining a pristine sensing surface is
to mechanically clean the cell at regu-
lar intervals. Numerous instrument
manufacturers use this concept for
keeping optical sensing surfaces clean.

JFE ALEC's CTW has an integrated
mechanical piston wiper. The wiper
consists of a circular silicone blade
mounted on the end of a traveling rod.
Periodically, the rod extends out from
the instrument and the silicon blade
gently wipes against the electrodes
inside the conductivity sensor. The wip-
ing process also exchanges the water
inside the «cavity with new seawater.
This wiping motion helps to maintain
an accurate measurement of conductiv-
ity.

The endurance of the silicone blade
depends on the biological activity and
the wiping frequency, but is normally
more than one year.

The performance of the CTW on
moorings in coastal regions was recent-
ly evaluated by the Alliance for Coastal
Technologies (ACT).

The CTW was deployed in various
coastal locations for durations between
four and eight weeks, while reference
water samplings were conducted daily
to monitor the salinity at the deploy-
ment site.

Comparison with the reference sam-
ples showed that the wiper enabled the
CTW to maintain its calibration, even in

biologically highly active waters. The
full report is available on the ACT Web
site.

CTW on VENUS

In March 2009, the CTW was
deployed on the VENUS observatory in
Saanich Inlet, northwest of Victoria.

This platform also supports an
Aanderaa Data Instruments (Bergen,
Norway) Optode 4175, a Nortek (Rud,
Norway) acoustic current meter, a
Satlantic (Halifax, Canada) ISUS-X
optical nitrate sensor and a camera sys-
tem.

The VENUS Science Instrument
Interface Module (SIIM) on the platform
provides power (360 or 24 volts direct
current) and real-time communications
(100/10 Base T or RS-232/422/485) to
connected instruments. The SIM is

linked to the VENUS Node via a 70-
meter, oil-filled hose cable and a
Teledyne RD Instruments (Poway,
California) wet-pluggable connector.

The CTW utilizes 24 volts direct cur-
rent for power and a link to a serial-
Ethernet server for two-way communi-
cations between the shore and the
instrument.

Through a custom software “driver”
developed by the VENUS data manage-
ment group, the instrument is initialized
and then routinely polled for conduc-
tivity and temperature data. A separate
command is periodically sent to actuate
the wiper system. The instrument pro-
duces measurements once a minute, 24
hours a day, and the wiper actuates
every 10 minutes in between data
records.

The CTW outputs digital data with
temperature and conductivity in physi-
cal units.

These data are time stamped and
briefly buffered at the VENUS observa-
tory shore station before being sent via
fiber optic backhaul to the data man-
agement and archive system (DMAS) at
the University of Victoria. DMAS stores
the data and makes them freely avail-
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able through a data download tool on
the VENUS Web site.

Field Tests

As of January 1, the CTW has been
on the seabed in Saanich for 10
months.

Variability of the conductivity mea-
sured by the CTW is highly correlated
with the coincident temperature during
the deployment period, an indication of
minimal biofouling.

For the first 1,000 hours there were
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significant fluctuations in both conduc-
tivity and temperature. Other conduc-
tivity, temperature and depth sensors at
a nearby station observed similar
trends. A jump in the C and T time-
series at about 3,000 hours was a uni-
versally observed environmental shift in
the region.

A regular, biannual maintenance ser-
vicing of the observatory and its inte-
grated instruments was carried out at
the end of September, which is shown
as a period of no data between 4,250

HydroVolt

Underwater Electrical Connectors

* gold plated contacts
= stronger shell

» color coded leads

* bending strain relief

www.ak-ind.com

AK Industries
3115 E. Las Hermanas St., Rancho Dominguez, CA 90221

Phone: 310-762-1600

40 st / FEBRUARY 2010

Fax: 310-762-1616

www.sea-technology.com

and 4,300 hours. After recovery, the
conductivity sensor was found to be in
pristine condition.

Without any cleaning and/or compo-
nent replacement, the CTW was rede-
ployed and has continued to perform
well.

Conclusions

Biofouling is a key consideration for
long-term deployments of instruments
on moorings and observatories. Field
testing of JFE ALEC’s CTW conductivity
and temperature instrument with a
mechanical wiper on the VENUS cable
observatory shows that the wiper func-
tion prevented biofouling and main-
tained the stability of conductivity and
salinity measurements throughout a 10-
month period in a highly productive
coastal environment.

The test further indicates the CTW s
a useful tool in monitoring conductivity
and salinity on fixed autonomous plat-
forms. Currently, the authors are plan-
ning to recover the CTW and determine
the stability of the conductivity with a
pre- and post-calibration comparison.
8

Visit our Web site at www.sea-tech-
nology.com and click on the title of this
article in the Table of Contents to be
linked to the respective company’s Web
site.

Tomohiro Horiuchi re-
ceived his Ph.D. from
Tokai  University in
Tokyo, Japan, and
joined JFE ALEC in
2005. He is currently
working with Rock-
land Oceanographic Services Inc. as a sales
engineer and oceanographer.

Fabian Wolk is the
owner and president
of Rockland Ocean-
ographic Services Inc.
(ROS). Fabian has
been working with JFE
ALEC Co. Ltd. since
1999, and ROS is the
North American sales and technical support
center for JFE ALEC products.

Paul Macoun is the
VENUS facility engi-
neer and is responsi-
ble for the integration
of  instrumentation
with the subsea net-
work.






