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Environmental monitoring using the OceanPack:
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“Autonomous Underway Measurement System”
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Sailing systems

In cooperation
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OceanoScientific® System:

OceanoScientific
]

Wind direction

Wind speed
Atmospheric pressure
Air temperature

Air humidity

iy

Radiation

Sea surface fluorescence

Sea surface power of hydrogen - pH #0S?

OceanoScientific
Sea surface partial pressure of carbon dioxide - pCO, [ ===
Sea surface salinity S

Sea surface temperature - ,' = . R
0 _— 3

OceanPack/RACE
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® Photo SailingOne - www.oceanoscientific.org
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OceanoScientific® Kit - October 2010
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Implementation on small vessels (k€=S0IOCEam: #OheDesign):

i 2010 - 2013 e o 2006 - 2010 o

www.oceanoscientific.org SUthECh
- Subsea Technologies

(‘* STEP 2 OceanoScientific . STEP1 ..

SailingOne
# Wind Direction and Speed sensor

Additional sensors
» Radiation
» Sea surface Fluorescence ¢ Satellite transmission

» Sea surface pH
» Sea surface Temperature

e

Air Humidity and fqmp&lute,sgnsor

e o
e

Atmospheric Pressure sensor

Sea surface Salinity and Temperature sensor

Sea surface pCO, sensor

o Jean-Marie Liot - SailingOne 2009

OceanPack™
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www.oceanoscientific.org/en

Video: www.youtube.com/watch?v=8CvUdUNcdsl&feature=related



DETECT Onlise D

Verification at opposite course

frm— _____.but still data
Black: Water flow No water... Unprocessed raw data at 1 Hz

DETECT Online Data

Worst-case ,speed” test

Video: www.youtube.com/watch?v=8CvUdUNcdsl|&feature=related
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Meereswettbewerb 2011
."~
RV ALDEBARAN >

)

ALDEBARA

Team of young SC|ent|st
yology

OceanoScientific
[ camraian]

Aldebaran Mission - July 2011

Caboratoire de Physi s Oceans

www.ifremer.fr

www.meereswettbewerb.de  And in the evening input to
www.aldebaran.org the weather forecast

" Press 2010: www.aldebaran.org/html/pressemitteilungen/2010/pm20100822.html
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Canada

Baffin Island

La Louise

February 2012- September 201
Greenland/Arctic

Data: Ifremer

Bark EUROPA

Since January 2013
Antarctica

Data: Ifremer

Pictures © bv (top-down): SailinaOne®. Thierrv Dubois and Rederij Bark EUROPA
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RV XE-XUE — | [RE—
since February 2012 T |
China Sea

Data: Chinese Research Center

RV Belgica

since 2011
North Sea
Data: MUMM

Pictures © by (top-down left): SubCtech, Belgium MUMM,; (right): SubCtech
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B R S R R R i SRS e b 24th IRSO Meeting, Seattle,2011
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30.08.2011-26.08.
North Sea

Data: NIOZ

pCO2 NIOZ 30.08.2011 - 26.09.2011
18000

168000

6000

4000 |

First result: 4 weeks continuously data — 1.5 Mio. Datasets




BSH Vergleichsfahrt Atair 27.09.2011

ATAIR on station, BUNDESAMT FOR
SEESCHIFFFAHRT
UND

water Stopped HYDROGRAPHIE

/ Changed

seawater hoses

Photo BSH

BSH Vergleichsfahrt Atair 28.09.2011

+ CO2 (atair
= CO2 (Atair

BUNDESAMT FOR

€02 [ppm]

uA
SEESCHIFFFAHRT
UND
HYDROGRAPHIE

Station around Helgoland

around Helgoland
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Local Time [hh:mm]
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Helgoland to Weser estuary
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Air-Intake | Iy
*Air-CO, V 1%
*Arctic Version *Meteorological
*Protection against o . 1R Dataloggerg
30s of flooding e & B g «Arctic Version -40°C
R |I§ s - - *Fully Autonomous
sLow Maintenance
*Connected by Ethernet

RV Polarstern

Since September 2012
Antarctica

Data: NIOZ and Uni Groningen

OceanPack
*Water pCO, “Underway”
*Oceanographic Datalogger
*Multi-Sensor Support

Water Supply

*Constant Flow & Pressure
*Supply for analyzers

*Gas neutral, e.g. for CO,
*Fully Autonomous

eLow Maintenance

*Fully Autonomous
L ow Maintenance
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A (top): ATM xCO2 (in dry air). B: Difference. C: EQU fCO2 (at in situ temperature). D (bottom): Difference (GO signal 20-minute running mean)
For SCT, the (near-negligible) cormrection to in situ temperature was NOT performed. pCO2 converted to fCO2 by *0.997
I
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Data NIOZ/Uni Groningenl
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SCT fCO2 (processed + linear correction) — GO fCO2 (processed)

I I
—0.52068+4 9395

Data NIOZ/Uni Groningen
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< Calibration unit with calibration and reference gases for the water

measurement

< Including formulas for direct compensation of water temperature
< Including formulas for direct flux calculation

< Detailed testing of the Air CO, measurement
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SubCtech GmbH

Wellseedamm 3
D-24145 Kiel

Phone; +49 431-22039 880
Fax: +49 431-22039 881

www.subctech.com
info@subCtech.com

LI-COR is copyright by LI-COR, Inc,

SYSTEA and MicroMac are copyright by SYSTEA S.p.A.

SailingOne, SolOceans and OceanoScientific are copyright by SailingOne
All other trademarks belong to their respective owners
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The Technology
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OceanPack *

Underway Technology: | ,1 _v
* Optimized engineering: less leaks > less calibra IC
* Optimized components: valves, pumps, membrane ‘produced specifically
* Best analyzer: developed in cooperation with £/' Sﬂ”” , already fully integrated
* Integrated automatic zero calibration, results are already processed

* Simply replaceable Flat-Membrane-Equilibrator, patent pending

* Open system design: flexible interfaces to other sensors, samplers or analyzers
* Marine environmental friendly: little effect of fouling, sedimentation or shocks




Objectives: f
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OceanPack ##==_
23

Highly accurate measurements
New markets such as small boats
Applications under extreme conditions
Small price
Easy integration - ready to use :
Just connect Water in, Water out, Power - and get the Data

Unattended operation, optionally automatic cleaning
Very little maintenance for pCO.:

“ No reference gases are needed while sailing

* 1-button span calibration

* Cassette membrane equilibrator

Flexible and scalable system design
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SubCtech GmbH

<2 Technology experience for 24 years

< Marine, scientific and industrial market
< Development of sustainable technologies

< System design to system integration

< Specialized on customized and challenging solutions
< Benefits:

v Ready to use - easy to use

v’ Flexible and modular design

v Robust and High reliability

v Low Maintenance

Pictures © by (top-down): SailingOne, Belgium MUMM, Mariscope Chile, SubCtech, Marine Harvest
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pCO, Sea-Air-Exchange Design®

oy

Top-Box consists of: OceanPack consists of:

- CO, LI-COR © analyzer - pCO, LI-COR ® water analyzer
- Air-intake - Water supply, mBubbler ®

- GPS receiver - Oceanographic sensors

- Meteorological sensors - SmartDI® Datalogger

- Motion sensor (IMU) - Alarm service

- Power supply - Pump, valve control

- Power supply




CoolBox 23l || Filter
26 16

Optional Wastewater 3 x 20l

Complete water quality monitoring system (3 Years)
(RV BELGICA)



Northsea

Cleaning cycle
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220
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08:24:00 10:48:00

OCO2cal Flu-Chloro

Data provided by J.Baker,

RV BELGICA 24.03.2011

Impact of
river
Algae bloom

Concentration [ug/L]

Maintenance

13:12:00 15:36:00 18:00:00 20:24:00
Time

Management Unit of the North Sea Mathematical Models




How to measure the gas metabolism of
ammoniotelic aquatic organisms?
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First test:
CO, measurements by two basins with decreasing concentration
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First results:
New fast CO2 analyzing method realized
3 Minutes T99 @ oC = 3000ppm
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FTZ Westkiiste der Universitat Kiel in Biisum Kevin Torben Stiller




