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1 Projectsummary

This reportsummarizeshe deepsea pilot project conducted in the perfoaim January 2015
to summer 2016The aim of the pilot project was to gather data flRemotelyOperated
Vehicles(ROVs) in operation by participating durirfigOV-operations and to investigate the
need for nevsensor technology in subsea operations.

We found that grticipation in operations was more challenging than anticipated due to the
complex organization afuchoperationsWe found that it is important tirectly contact the
clients. The subcontractocannot allow you on board unless the client agrees; however, the
client can tell the subcontractors to let you on board if they \Bgntommunicating directly

with the oil and gas compar8hellwe receivegermissiorto join a gravitational mapping
surveyof the Ormen Langgasfield. During the projegtandthrougha workshop thatve
organizedstrong tiesveremadewith the international SERPENT proje@ollaboration with
SERPENT is highly recommended in future projects, as we share many commaangoals
SERPENT already have come a long way in accomplishing what we hope to do in the future
in Norway:.

The results froninterviewswith key personnel (ship owners, ship crew, ROV crew, survey

crew and clients) anadhissionson boar d vesselBedp OViysnmpo o Zaemnud
A Ol y mp i0)showedatscientific collaboration wittsubsea operatiortsn provide

valuabledata and open an array of new opportunities to increase knowledge of the structure
andfunction of deegsea ecosystemgVe also found thahere are possibilities to develop

very good long-termcooperation with both clients and subcontractors.

The need for new sensors depends on the type of underwater belmgeisedWhereas

ROVs primarily need better visual sensors, AUVs and glidergnaneed of new sensors to
measure physical and chemical properties of the water column. Introduction of new AUVs
and gliders open up new possibilities @tterinput to climate research and fish population
assessmerats well as mineral detection fthre upcoming new industry of despamining.

A future recommendation from this projectasuse thenetworks and momentum from this
pilot project tobuild a NorwegiariMordic branch othe SERPENTproject In addition,
possibly integrate more oceanograpimeasurements into thisfrastructure.

We would like to thaniRegionale Forskningsfond Middorgefor fundingthis pilot project,
Dr. Daniel Jones for sharing his experiences with tBRFENTproject, Katrine Torvik and
Shell for embracing the idea ofetiproject, and provide access to shjygrationsand Dr. Eva
RamirezLlodra (NIVA) for review of the final document.
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2 Background

Todayods oi |l & g aRemaelyOpsrateVehicdes(RCY/¢) with & rangesof
sensors and cameras that can collect information from deep waters. The aim of this project
wasto explore possibilities for improving the knowledge of deep habitats and ecosystems
by using the subsea fleet, combining data collectiatisimdustry operations. We also
wantedto see if both subsea industry operations and environmental monitotilthenefit

from new and improved sensors.

This projectwasa cooperatiometween Runde Environmental Centre (REC), SINTEF and
Olympic ShippingThe Regional Research Fund Mitbrwayfunded the project with 50 %,
while the remaining 50 % was own efforts from the partriememaingoals of the project
were:

1. Gather knowledge @hdata about the deep ocean from existing ROV sensors
2. Uncover demands for new sensor technology, stremgtheninghe regional subsea
fleet and provide a basis for new industry in NNdrway

3 Main activities and results

The project started in Janué§15. During the spring of that year, we worked on omagi
participation in deejgeaoperations carried out by vessels owned by Olympic Shipping.

This company had at that time three vessels working on the US shelf in the Gulf of Mexico.
Due to the redction in oil prices and hence reduced oil and gas exploration, two of the

vessels lost their contracts. The remaining vessel had suffered some technical issues, delaying
the work they were chartered fdirproved hardo develop good contacts with the US

companies that were responsible for the operatiottss situation

In the early summer of 2015 wencestarted to focus on other areas and possibilities. One

mi ssion off the Canary Islands with AOl ympic
The vessel was chartered by the Spanish Maritime Safety Agency (Salvamento Maritimo).

The objective was to remove bunker oil from a shipwreck at 2700m depth. Unfortunately, our
participation was eventually denied after an initially promising start. Howexereceived

good footage from this mission. Salvamento Maritimo also later released some videos on their
YouTube accountattps://www.youtube.com/watch?v=AD3UxIFtHz|

During autumn 2015 severallssea vessels were laid up in Norwegian ports because of
reduced activityn oil and gas exploration. As a consequence, we had the oppottunity
interview crews and study the equipment on board the vessels.

We also participated on a seatrialintherStoj or den area on board t he
Il n February 2016 we participated on a missio
deployingata wave energy plant near the Runde island on the west coast of Norway. The

ROV footage from this deployment was eaiied.


https://www.youtube.com/watch?v=AD3UxIFtHzI
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The experiences from the first year of the project showed us that we needed to get in direct
contact with the end users in order to get permission to go on board the vessels. Statoil and

Shell were contacted directly in order to get permissioratbigipate on vessels working in

deep water. We made an appointment with the companies Shell, Deep Ocean and Octio

all owing us to go on board the vessel ADeep
survey work at the AO@me t aepdh.dMe algpzantadted el d a
the Brazilian oil company Petrobras, Statoil Brasil and The Federal University of Rio de

Janeiro.

We furtherdiscovered that the University of Southampton were working egthvalent
ideas, and had establisherkaearch program called tB&ERPENTProject
(http://www.serpentproject.com/Emails and telephone meetings led to good contact with
both the Brazilian organizations and ®ERPENTProject Dr. Daniel Jones).

We organized a workshop in Oslo on JufiQ16 (See sectioB.5and Appendix6.1).
Participants from Norway, UK, Germany and Brazil contributetthis workshop.

Il n June 2016 we sent out one scientist on th
Langegas field. Video and oceanographic data were collected. We experienced very good
cooperation with vessel, oil company and ROV company during this mission, which shows

that there is very good potential for collecting environmental data from the subsethiéee

results from this missioarepresented in sectiaghiland in appendi®.3.

3.1 Field trip on board Deep Visiondvessel

Shell agreed téet a marine biologist fronRunde Environmental Centre (REG)n a
gravitational survey to the Ormen Langgesfield. This gave us the opportunity to get in
depth understandirgnd hand®n experiencef how subsea vessels an@¥s can be used to
collectdeepsea environmental datéhe full reportfrom the cruises givenin Appendix6.3.

A short summary follows below.

The objectives of the cruiseerethe following:

1 To start up the DggSea Pilot Project with the collaboration betw&#Cand Shell
on board the Deep Vision Vessel duriggvity survey.

1 To use photography and video to investigate the megafauna in the deep Norwegian
Sea, at Ormen Langgsfield.

1 To use CTD database to correlate the presence of animals with oceanograplic data
CTD is anoceanographinstrument used to determine the conductivity, temperature,
and depthn thewater columi


http://www.serpentproject.com/
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Figurel: Deep vision vessel (left) and pictures from ROV operations (right).

As a pilot and opportunistic project wétainedmany positive results:

1 Despite the environmental limitations and the short time available to use the ROV to
sight marine life, it was possible ¢ollect visual data of deegea megafauna
Additionally, we dotainedaccess to oceanographic data usiregequipment from the
gravity survey on board without interfering wite work being conductddr the
client. Data collected improved the knowledge of the local environmental conditions,
habitat and biodiversity. The data can be applicable to longaemmonment studies
and support better control and environment management of this area.

1 With the help of offshore oil and gas industry and their ROV sg#me DeepSea
Project can be developed in cooperation with the SERREDECt.

1 The oil and gasxploration offshore has played a major role in producing relevant
deepsea biological information (mainly on maernd megafauna) through
environmentahssessment and monitoring programs

3.2 Interview of crew

Il nterviews were carried out on board the 0Ol
Vi si ono. TdndRO¥ crawa \peteantemiswed. The interviews gave insight into

how the vessels work with their equipment and how the work is orgafibedntervievs

showed that the vessels are capable of doing a whole range of operations, such as construction
work, trenching, decommissioning ekrequently, however, the different types of operations
required different kinds of specialist crews, often from diffecempanies, and the vessel

crew often is the only one permanently assigned to the vessel.

The vessels and crew are typically chartered by RONsea companies workidgectly for
the oil companies, or as subcontractors for other construction compganiesard the vessel
the work is organizeds follows
1 Vessel crew Operateshe vessel. Takes care of navigation, work on deck and
operaesthe cranes.
1 ROV crew: Operaesthe ROV equipmentControkthe ROV under water ardbes
maintenance on the ROV 4dmoard the vessel.
1 Survey crew:In many operationghere is a dedicateslirvey crew This crewdoes
mappingof the seabednakesoceanographic profiles and depd@acoustic
transducers for accurate positioning of the ROV.
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1 Other crew: The end user, such as companies, usually also have representatives on
board the vessel.

3.2.1 General notes

The different crews are highly specialized in their field of work. There are high standards for
effectiveness and accuracy in the work. The vessels and the different crews are expensive and
there is little time for activities that are not covered by thekvptan for the mission. The

interviews also showed that teatirecrewon-board the vessels are positive to cooperating

with scientistan collecting extra environmental data. However, everyone made it clear that is
very important not to interfere withé operations.

3.3 Lessons fromthe SERPENT project

During the pilotproject,we discovered thate shared common goals with an ongoing
research program #ie University of Southampton called tBERPENTProject A detailed
description of the program is givén Appendix6.2 and athttp://www.serpentproject.com/

The SERPENT scientists have more than 10 years of experience and had encountered many
of the challenges we faced in the start of the project. Throunghilsand discussions with

Daniel Jone¢SERPENT project leader) during the workshop reeeived the fiowing

advice:

1 Go directly to the clientsThe subcontractors cannot allow yow boardunless the
clientagreeshowever, the client can tell the subcontractors to let you on ldcae
want

1 ContractsHave standard contracts ready in which thereilshbeclauses that deal
with data and publication and thed®uld not bgrohibitive Moreover, arange a
communication protocol to clarify the relative roles of people, what is expected to be
communicated and timings of requests to remove any doubt

1 Always ask the client ambssiblythe subcontractors they agreeo publish your
data even though the contract migiive you permission

1 Makeyour projectinteresting for clients ancrew; it makes your work a lot easier.

0 Make the crewnterested in whagou are doingfor example by giving
presentations about your work during the cruise.

o Argue for theclientsthat knowledge about the effect of drilling thre
surrounding ecosystem is valuable because it makes it possible to mitigate the
consequences atiderebyimprove public opinion abouheir activites

1 Be on board: If you are not on boatide data will probably not be collected, and at
least not the way you want it to. This is particularly important for visual data
collection with ROVs. Remote datallection of oceanographic dataght be
possible if there arsimple routines for it.

3.4 Sensors for the subsea fleet
There are several sensor platforms in use in the subsea fleét tddeywesummarizesome
of the sensors in use in subsea operations today as well as sensargd¢ndiare not

1 A good overview over existing underwater vehicles are given her: Ocean Newsy&Rgbide
http://digital.oceannews.com/publication/?i=288621
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available, but is desired in the future. The summary is basetgpanfrom field trips,
interview with crevg, companies and colleagues, workshop discussiahftamture search

3.4.1 Sensors in use today
Here we list the most common unmanned underwater vehicles in use in the subsea fleet, as
well as which sensors they have and what function they serve.

ROVs (Remotely operated vehicles) are widely used in subseratipns for inspection,

installation and repair. All of them have cameras, while some have sonars to increase viewing
distance in turbid water. In addition, ROVs have several sensors to aid accurate positioning of
the ROV. Typically, this includes CT@dinity, temperature and depth sensand current

profiler’>. Some ROVs also have dynamic positioning capabilities.

AUVs (Autonomous underwater vehicles) can carry out mapping and inspection operations of
a predetermined area without human interferenbeyTan map large areas and have up to 80
hours of operation time. Sensors include visual and acoustic sensors, but also several other
sensors that measures chemical and physical properties of the water column, which is
described in greater detail h&re

Gliders have extremely long operation time (up to 10 months). To achieve this they utilize
only sensors with low energy consumption. Therefgliders usually comwithout cameras,
which would require lightingind thus drastically increase battery consimnpHowever,

they may be set up to measure a range of chemical and physical properties in the water
column with sensors run sequentiéligliders available today can go down to 1000 m depth,
but a new generation that goes down to 6000 umder develoment

In addition to the underwater vehicle sensor platforms described above, sensors can be found
in stationary subsea installations. KM Contros is measuringa@® Methane to detect gas
leakage in addition to temperature andcOncentration. Ferrybogeare used to collect data

from ferriesand cargo ships operation. Norwegian company Aanderaa are involved in
production, and NIVA are involved in measurement and data analysis of these ferryboxes.
Unmanned surface vessedsich ashe Norwegian Sailbouydoes measurements in the

surface layerSensors are also usedfw@hing geargor example in the Recopesca Project

Finally, cable observatories are a common method to gather data through the water column in
a fixed installation. Exaples of this have been shown in Antarctica were instruments from
Aanderaa have been deployed beneath the Antarctic ic& shelf

2Norwegian companieNortek ASand Aanderaa delivers acoustic profiles.
https://en.wikipedia.org/wiki/Acoustic_Doppler_current_profiler

3 Kongsberg group supplies AUVs bothrf@rine researctand forcommercial applications

4 A list of sensors commercially availaldeavailable fokongsberg glids and forTeledyne Slocum gliders

5 http://www.ferrybox.com/

6 http://www.sailbuoy.no/productsis a spin of from Christian Michelsen Research (CMR)

7L Emilie,et al(2010). The Recopesca Project: a new example of participative approach to collect fisheries and
in situ environmental data. Mercator Ocea@uarterly Newsletter, (37), 4818. Open Access version :
http://archimer.ifremer.fr/doc/00024/13500/

8 http://www.aanderaa.com/melia/pdfs/Antarcticice-shelves.pdf



https://en.wikipedia.org/wiki/Acoustic_Doppler_current_profiler
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/457383774B80B983C1257D03004A2421/$file/marine-research-auv-Brochure.pdf?OpenElement
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/981F09C091062D2AC1257C94002AE05A/$file/commercial-auv-brochure.pdf?OpenElement
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/CCF505CD0F4B0946C1257DF20044E4FA/$file/399038-Seaglider-brochure.pdf?OpenElement
http://www.webbresearch.com/pdf/G2_Product_Catalog.pdf
http://www.ferrybox.com/
http://www.sailbuoy.no/products
http://archimer.ifremer.fr/doc/00024/13500/
http://www.aanderaa.com/media/pdfs/Antarctic-ice-shelves.pdf
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3.4.2 ldentification of needs

Here we try to summarize our view of need for new sensors on the underwater vehicles
described above.his is of course only a small example, but we have tried to focus on sensors
where we have technology thetnmake a difference.

ROVs: After interviewing crew on board Olympic Ares and talking to ROV pilots our
impression is that most ROV operations hpxienarily aneed for sensors that eases operation
of the ROV, not sensors that gather additional information about the water column. One
sensor that was identified as particularly suited for ROVs was a 3D time gated.CEiniera
camera igurrently beinglevelopedandcanimprove visual operation arehableprecise

size estimatesf objects in the camera view

AUVs: These vehicles are typicallised formapping and water column analysis, thus any
sensos that provide new or better data on physical, doahor biological properties could be

of interest. Particularly, compact sensors that measure bothg@®H would be very

useful for oceanographers and climate researchers, as well as for monitoring subsea carbon
storage. An interesting report of thesults from an inter comparison experiment between
available underwater CO2 sensors can be foundh&iace AUVs also carry cameras,
hyperspectral cameras are another technology that may find widespread use in subsea
mapping and inspection, as demonsiiaddy Norwegian company Ecotdhe

Gliders: Low power consumption and compact size is a prerequisite for any sensor developed
for gliders. Moreover, response time is also important as the glider is constantly rising or
falling through the water column. Asr AUVs, small and energy efficient pCO2 and pH

sensors with quick response time are of interest, also for gliders.

3.4.3 Future challenges and emerging markets
New markes and new challenges are emerging where Norwegian subsea competence may be
valuable. Webriefly discuss a few of them here.

DeepSea Mining(DSM) i Deepsea miningaims atexploiting mineraresource$rom the
deepsea floorsuch aseafloor massive sulphides (SMS) on hydrothermal vents, manganese
nodules on abyssal plains, cobalt crusts on seamounts and phosphaées amderalsDSM
hasnot beguncommerciallyyet, butNautilus Minerals will be the first company to begin
industral mining of SMS in Papua New Guinea2018. Several countries and companies
have exploration licences in national and international waters, andaramyvestigating the
opportunities of DSM.

One of the companidgbatwe interviewed, Marinteknikk ASsinow designing a ship that will

be used for DSM. Sensothat are of interest inclugensors for mineral detection, but also
sensors for environmental monitoring of the mining area. Methods developed for monitoring
of the effect of oil drilling on the sded could possibly also be deployed for deep sea mining.

9 https://www.sintef.no/en/projects/utofia/

0 Fixedpoint open ocean observatories, scientific report of the results from an inteomparison experiment.
Evaluation of CO2 sensors for coastal applicatismsny.fixo3.eu/download/Deliverables/D12.2%20Inter
comparison%20report.pdf

1 www.ecotone.com
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A recent repof€ ordered by the European Commission goes into detail about possible
exploration and exploitation techniques as well as legal aspects and environmental concerns
of DSM. Particularlyhe environmental concerns must be consideesd thoroughly DSM

methods that have been considered to harvest minerals from the seabed aim to cover areas in
the order of one square kilometre per'day

Microplastics i There has been an alarming increase in concentration of small plastic
particles in the world's oceans. Miljgdirektoratet have lately commissioned two reports on
microplastics in Norway},'°. Moreover, JPI Oceans initiated four large EU projects in $015
focusing on different aspects of microplastics. All four projects have Norwegian partners. An
important unsolved challenge is to determine quantity, plastic type, size and shape of the
microplastic particles. Optical sensors could be particularly suitabt@it application. A

review of the methods used for identification and quantification can be founld. here

3.5 Workshop
As part of the deep sea pilot project we organized a workshop focusing on the main goals of
the project. The agenda and patrticipatighdan be found in th&ppendix6.1.

3.5.1 Summary of workshop

Nils Roar Hareide opened the meeting by welcoming all participants and presenting the
DeepSea project. He explained the aim of the project and summarized what has been done so
far. Nils Roar also pointed out a number of challenges that have been identiferd

finding and agreeing with the people (which in general are the major oil companies) that have
authority to allow access to ROV operation and data collection sedyaghi® major one.

Daniel Jonepresentedhe SERPENTproject which is a projecthat shareommongoals

with the DeepSea project. The SERPENT project has been going on for a number of years and
has already achievaeduch of what thé®eepSedroject has set out to. Jones could hence

give solid advice on how the DeepSea project gshgalforwardJones also confirmed that

access issuemea major challengan these types of projects.

In thesession on senstechnology, wdocusedon new sensors under development that could
be of interest for future subsea operatialens Thielentan from SINTEF presented a camera
that can see throughbrbid waterand position objects in the camera view in 3DRIine
Johansen from Tunable Infrared Technologies (TIR) and Matttaeollefrom SINTEF both
presented optical filters that can be usecetalize underwater detection of a number of
different gasses if they are combined with the technology presented by the last presenter,
Carsten Frank from Kongsberg Maritime (KM) Contros.

12 Study to investigate state of knowledge of Deep Sea Minilmgerim report under FWC MARE/2012/66C
E1/2013/04

B personal communications, Daniel Jones, SERPENT project

1 Sources of microplastigollution to the marine environmentVepex 2014

15 Microplastics in marine environments: Occurrence, distribution and effétit¢A, 2014

16 http://www.jpi -oceans.eu/newsevents/news/results®%E2%82%ACTillion-calkmicroplasticspublished

17 Valeria Hidalg&Ruz et al.,Microplastics in the Marine Environment: A Review of the Methods Used for
Identification and Quantifiation, Environmental Science & Technology 2012 46 (6), -306®

DOI: 10.1021/es2031505
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The final part of the workshop consisted of group work and pjetiacussion, summarized
in theAppendix6.1.4

The general feedback from all participants was that the workshop included lectures of high
quality and that resulting multlisciplinary discussions were informative. It is too early to see
thelong term begfits of the workshop, but a definite positive and very useful outcome is the
established cooperation between the SERPEMIDeepSegroject. Moreover, discussion
following the sensosessiorhas resulted in KM Contros, SINTEF and T@Rtering

discussons regarding proposal to the Norwegian Research Council, where the aim is to
develop a new optical underwater gansor.

4 Conclusion and fiure prospects

Through the DeepSgaoject, we have visited number otontractors employed in the
sulseafleetand negotiated with clients in charge of deep operationgield tripshave been
carried out, bothashipbuilders and operationagsselgeady to go outo seaaswell as one
trip on a livedeepsea operation. Moreover, a workshop was organized:endhrumber of
relevant industrial partners were represented, in addition to acadentfeeaddrwegian
Research CouncilThrough these activities we have in general reached ourwgoigh was to
explore thepossibilitiesfor exploiting existing infrastrcture, represented tiydustial
operationsto collect data frondeepsea habitats and ecosystems.

In conclusionthe possibilities are therelowever so are also marghallengesthe prominent
beinghow topersuasive clients in charge of desga opeations to cooperate. Contractors
employed in deegea operatioare ingeneral willng to cooperate, but the cliemt charge
doesnot always see incentives to do Blmwever, by communicating directly with the clients

we got very good cooperation and good data from the Ormen Igasgeéeld whichis

located at approximately 700 meters depth in the Norwegian continental slope to the west of
Kristiansund.

Through the project wgotin contactwith representatives in the SERPENT project. This
might be considered to be the most important result of the entire project. The SERPENT
project, in many wayalready being whéathe pilot DeepSegroject aims to becoméas
alreadyfacedand solved issues thae are bound to meet wheuilding up the Norwegian
equivalent Cooperatiorwith SERPENT has already been established, and they have shown
willingness to share both experience and contacts. If feasible, we nm&giergoining
SERPENT as a branch instead of building up an entirely independent activity.

Very goodcontactsvere mae with Brazilian oils companies, and scientists. We have
concluded that there are very good possibilities for cooperating and for dagelop
international cooperation between oil and igaiistry andscientistan GreatBritain, Brazil
and Norway. This project has developed a good platform for this.

12
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Wwww.ecotone.com

www.ferrybox.com/

www.fishbase.se

WWW.jpi-oceans.eu/newsvents/news/resulE2%82%AC7Emillion-call-microplastics
published

www.mareano.no

www.marinebio.org

http://www.imr.no/nyhetsarkiv/2015/september/tett_i_tett_med_dyphavssjofjer/en

www.petrobras.com

www.sintef.no/en/projects/utofia/

www.sailbuoy.no

http://www.aanderaa.com/media/pdfs/Antardétie-shelves.pdf

www.serpentproject.com

www.statoil.com/w/About/Worldwide/Brazil/ExplorationPortfolio/Pages/Peregrino.aspx

https://www.youtube.com/watch?v=AD3UxIFtHzI

Wikipedia (2016) https://en.wikipedia.org/wiki/Acoustic_Doppler_current_profiler

Personal communications, Daniel Jones, SERPENT project.
Personal communications, Guarani de Hollanda Cavalcanti, Petrobras.
Personal communications, Rafael Moura, Fedgraersity of Pernambuco.

Personal communications, Luiz Henrique C. Barbosa, AECOM Brasil.
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SINTEF

6.1 Workshop program and participation list

0

OLYMPIC

Date and venue:l. June 2016, SINTEF Byggforsk, Forskningveien 3b, 0373 Oslo

6.1.1 Organization committee

JoGjessing

Jon Olav Grepstad
Nils Roar Hareide
Karsten Kvalsund
Claudia Erber

SINTEF ICT MiNaLab
SINTEF ICT MiNaLab
Runde Miljgsenter
Runde Miljgsenter
Runde Miljgsenter

6.1.2 External participants

Carsten Frank
Rune Bjgrnsen
Ib-Rune Johansen
Ragnvald Neerg
@yvind Fjukmoen
Eva RamireZ.lodra
Daniel Jones

Marianne Haavardsholm

Jens Thielemann
Matthieu Lacolle
Ingrid Costa
Rafael Moura

Guarani de H. Cavalcafiti

Ana Paula BrandaBinto*

Luiz Henrique C. Barboga

KM Contros
Kongsberg

Tunable Infrared Tech.

Statkraft

DNV

NIVA

SERPENT Project
Forskningsradet
SINTEF ICTMiNaLab
SINTEF ICT MiNaLab
USP

UFPE

Petrobras

Statoil Brasil
AECOM Brasil

* Participation through skype from Brazil

Physicist/Micreoptics
Physicist/Micreoptics
Fishery Biologist
Physicist

Msc. Marine Biologist

Product Manager Subsea Monitoring
Product Sales Manager

Research Manager

SVP/Director Business Dev.
Senior Consultant/Marine Biologist
Research Scientist/Benthos
Serpent Project Coordinator
Senior Advisor

Optics

Physicist/Micreoptics

Research Scientist/Benthos
Research Scientist/Benthos
Research Scientist/Benthos
Marine Biologist/Environm. Analyst
Oceanographer/Offshore Industry
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6.1.3 Program
10:00| Participants present themselves
10:30| The DeepSubSea project Nils Roar Hareide
Experience so far and plans for the future
Getting support through the whole value chain
Data collection: efficient monitoring, standardized data and ownership issues
11:10{ SERPENT Project v/Daniel Jones

Presentation of their longerm data collection project
Synergies with the DeepSubSea project

11:40| LUNCH

12:40| Sensor development

Compact underwater camera for turbid environments,v/ Jens Thielemann
Underwater multi-gas sensingy/ Ib-Rune Johansen, Tunable Infrared Technologies
Tunable diffractive filters for gas detectiory/ Matthieu Lacolle, Sintef

Subsea sensors and sensor systevSarsten Frank, KM Contros

13:40| COFFEE BREAK

14:00| Discussion and summary

Groupwork
More info will be given when we get to this point in the program

16:00| LEAVE FOR RESTAURANT

6.1.4 Group work

In the final session, the participants were divided into three groups. Two groups focused on
data collection and one group focused on sensugstions were given to lead the group
work towards relevant subjects. Questions given to the data collection groups and sensor
group are listed below.

Data Collection Group T lead questions
1. What data is/should be collected today and where/how/for what/by whom/ is it used?
2. How canl/is data collected?
3. What incentives de.g. oil companies have to share data collected from ROV deep sea
surveys?
4. Where can funding for collection and applicatt@found?

SensorGroup 1 lead questions
1. What can we sense under water with existing technology?
2. What sensa@are ROV missing?
3. Where can funding for development and testing be found?
4. What are the difficulties with introducing new sensors into the deap

The resulting conclusion from the group work was presented in a final plenary session. The
documented results from this session are given below:
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Results and conclusion$ Data Collection Group 1.:

Ana PaulaBrandaoPinto

Master in Marine Sciendsy Santa Ursula University. Environmental Analyst Statoil Brasil.
Ten years of experience on the implementation of Environmental Projects requested by
IBAMA - Brazilian Environmental Agency, in the E&P industParticipation on PEMCA

Project (monitoringf calcareous algae from Peregrino Field, Campos Basin) in 2012 (Lander
and ROV).

Guarani de Hollanda Cavalcanti

Master degree in cell and molecular biology at FIOCRUZ where developed research in bio
corrosion. Since 2001 works with Evaluation ManagemeadtEnvironmental Monitoring at
Petrobras Research Center (CENPES), which coordinates and participates of characterization
and monitoring of coastal and ocean environment projects, focusing on the ecosystem of deep
water corals.

Rafael Moura

Doctor degre in Animal Biology at Federal University of Pernambuco, and research at
Echinodermata Laboratory at Federal University of Rio de Janeiro. Working with
echinoderms and performed in recent years the identification of benthic fauna from ROV
images from Petlwras.

Ingrid Costa

Developing PhD research at Zoology Museum of University of Sao Paulo. Taxonomist of
marine isopoda and other organisms especially from deep ocean. Team member of the
Benthos Environmental Company.

Luiz Henrique C. Barbosa

Master Degre in Physical, Chemical and Geological Oceanography at Federal University of
RS. Senior Project Manager at AECOM Brasil. Working with: Environmental studies,
Environmental Impact Analysis and Environmental Programs Coordination (Control
Pollution, Environnental Education, Environmental Monitoring) for oil industry in the
offshore segment.

The SW Atlantic deejsea ecosystems are still poorly known, but Brazilian initiatives have
improved the level of information in the area. The Brazilian continental mangirits

adjacent oceanic area have been studied through major national Exclusive Economic Zone
(EEZ) programs conducted by the Brazilian Navy, Ministry of Sciences and Technology,
Ministry of Environment and PETROBRAS, the Brazilian energy company. Qegydst 20
years, major features of the geological structure of the margin and the EEZ defining lines
were obtained through the program LEPLAC by multichannel seismic profiles. (Campos, L.S.
2010)

This information has served as the basis for much of thesksepiological sampling at the
Brazilian continental margin. Most of this biological information comes from recent cruises
from the Program for the Assessment of the Sustainable PotentiallavitiggResources of

the Exclusive Economic Zone (REVIZEE), which sampled pelagic and benthic fauna down to
2200m, especially in the SE Brazilian region. Also, back in 1987, a Fiumaaiian

Expedition TAAF/MD55 carried out a series of deeater biologcal samples in the South
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Atlantic off the SE Brazilian slope from 200 to 5155m depth, including the \iigmalade
seamounts. The oil and gas exploration offshore has played a major role in producing relevant
deepsea biological information (mainly on /@ and megafauna) through environmental
assessment and monitoring programs as required by national regulating agéstipss,

L.S., 2010).

The Campos Basin is considered the largest oil reserve in the Brazilian continental shelf,
covering an area obse 100,000 km? extending from the Staft&spirito Santo to the

northern coast of Rio de Janeiro State1985, the country's first giant field called Albacora
was discovered in water depths of more than 200 m. Later, the giant Marlin and Barracuda
fields were also discovered. Since then, Petrobras has been investingwatietep

exploration research and became the world leader in this kind of exploration
(www.petrobras.com)

Around 65% of Petrobras offshore exploration blocks are in water depth4Giver.
Consequently, in recent years the company has increased its exploration drilling activities in
deeper and deeper water. To maintain sustainable deep water exploration, environmental
knowledge and monitoring are required. Consequently, most of al&ated in Brazil are

from Campos, Santos and Espirito Santos Basiw®&HBrazil) where the oil and gas
exploration are more productive. Around 90 % of data from-deepvas generated by
Petrobras (Falcdo, A.P.C., 2003

TheResearch & Development Cen{€enpes) of Petrobras has been collecting ROV images
data since 2004. Along the years, they developed partnerships with Brazilian universities and
companies which allowed studies focusing on calcareous algae habitats, identification,
reproductive biologyand molecular biology of deegea coral and its associate fauna, besides
monitoring projects before, during and after drilling and pipeline placing operations. (Guarani
de Hollanda Cavalcanpers.com).

Importantnewdataarebeinggeneratean Braziliandeepseain response¢o two maindriving
forces:1),then a t ineed @&nd2), agrowingpressuren offshoreoil andgascompaniedy
environmentahuthorities(Brazilian Institute of Environment and Renewable Natural
Resourcesrequiringbaselingnformationandimpactassessmermdf their activities. This
scenarigpermittedthe discoveryof numerousieepseaspeciedrom off S-SE Brazil. (Falcéo,
A.P.C., 2003

Since 208, ROV images are requested by IBAMARrazilian Environmental Agency, before

the start of an exploration campaign by oil companies, for example. The objective is to
evaluate the presence of biogenic structures as deep water coral banks. IBAMA will not
concede operation license to any energy company if they consider that area sensitive. IBAMA
also requires seafloor images around any exploratory wells, before and after drilling, to
evaluate the impacts associated with this activity (eg. distance and gre$enttings around

the wellhead after drilling). Additionally, IBAMA requires the seafloor images along all
pipeline routes to identify the presence of sensitive organisms, before the deployment of
pipelines at the seafloor. (Campos, L.S., 2010)

Other @mpanies such as Chevron, Queiroz Galvao, Statoil and Shell have been developing
projects on a small scale using ROV, in accordance with IBAMA requirements or when the
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company has profit and can invest in scientific reseakehz Henrique C. Barbosa
perscom)

Statoil holds an area in the mature Campos and Espirito Santo Basins and the frontier
Jequitinhonha and Camamidmada Basins. Most of their licences are located in deep water

areas, some reaching water depths of up to 2,900 metres. With 100 000 badaisqder

production capacity, Peregrino is the largest oil field operated by Statoil outside Norway.

When Statoil acquired the operation of the Peregrino field in 2008, it was decided to launch a

R&D project to increase the knowledge of deep water, wélptirpose of enabling

sustainable environmental management of the Peregrino habitat, under the regime of

discharges of water based drilling fluids and cuttings. The Peregrino Environmental

Monitoring and Calcareous Algae (PEMCA) project was initiated ¥026hd completed in

2013, under the Brazilian National Petroleum and Gas Agency (ANP) Federal Participation
Program (FPE). The project included four main activities: taxonomy studies of the habitat,
exposure and effect studies of drill cuttings, environtalerisk assessment and development

of environment al monitoring technology. A RO
Peregrinoo in 2011 and thereafter used for d
An approach of observations bysitu sensor basedonitoring was developed for the field

including testing and qualification of a number of sensor systems for visual observation,
oceanographic parameters, light and turbidity, all placed on a seabed observatory frame.
(www.statoil.com/no/About/Worldwide/Bwzil/ExplorationPortfolio/Pages/Peregrino.aspx)

Last year CENPES, IBAMA and AOCEANO (the principal Brazilian association of
oceanographers) organized thieBtazilian Symposium on Deep Sea Corals to share
knowledge and discuss new perspectives of stiidgep ocean environment. They are
developing a new laboratory at University of Sao Paulo with all database images collected
with ROV on the Brazilian continental margin. The purpose of this laboratory is to
standardize the collection of images and previte data to all researches of deep ocean
biodiversity (Guarani de Hollanda Cavalcaptrs.com.

In Brazil, environmental baselines and monitoring surveys have more often shifted from
assessing pollution to exploring biodiversity of any particularéstearea, especially in the
deepsea where sampling is expensive and where the higher quality information is gathered,
the better. (Rafael Mounaers.com).

Despite tough conditions in Brazildés offshor
stimulate new investments. International oil companies understand the potential. Brazil
attracts the worldobés highest offshore capita
especially for deep water. Investors include BG Group, BHP Billiton, BP, Ghevro

ExxonMobil, Repsol, Sinopec, Shell, Statoil and Total. National oil company (NOC) Petroleo
Brasileiro SA (Petrobras) states that the average daily production per well in the Santos Basin
pre-salt area is 67% greater than in the North Sea and 150% Lktiginein the Gulf of

Mexico. Brazil is highly productive in prealt deep water areas. The future investments in the
pre-salt deep water exploration will increase the R&D of deep sea marine organisms, where

the use of ROV images will be necessary. (Curtmang N., 2014)
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Results and conclusiong Sensor Group
1. What can we sense under water with existing technology?
1 Current, depth, temperature, video, sound, salinity, collection of physical sample for
land/vessel based analysis.
2. What sensor are ROV missing?
9 High resolution cameras, Multispectral cameras, Gas sensors (CO2, NH3, 02, CH4)
3. Where can funding for development and testing be found?
1 NFR, EU
4. What are the difficulties with introducing new sensors into the deep sea?
9 Biofouling, high pressure, communiican under water, limited light at great depths

6.2 About the SERPENT Project
(Scientific and Environment ROV Partnership using Existing iNdustrial Technology.)

SERPENT is a global project hosted by BfeEPSEASgroup, within Ocean
Biogeochemistry and Ecosystems (OBE) atNlational Oceanography Centre in
Southampton (NOC)The project has a growing network of UK and glgietners.

Serpent Project is a partnership between research institutions and industry. The concept is to
use the worlclass Remotely Operated Vehicles (ROV) during periods of digritne to

conduct scientific work. They work at all offshore areas, fireyide training and

information, and they receive observations.

The SERPENT PROJECT has collaboration with major companies. They are also interested
in supporting high technology research to develop sensors and equipment for the study of the
deep sea.

They have been working with many partners: BP, Chevron, Shell, Nexen, Woodside,
Canadian Natural, Hurricane, OMV, Kongsberg, BBC, Oceaneering, Santos, Transocean,
Subsea 7, atal, Boem, BG Group, PetrobrdsNI and Statoil. The Serpent Project also
createdbthers projects acting locally (Gulf Serpent at Gulf of Mexico and Sea Serpent in
Australia).

They have done missions in Canada, Ireland, Gulf of Mexico, Norway, United Kingdom,
Venezuela, West Africa (North and South), East Africa, Australia and IRdtastill wants to
do more to explore some key development areas with biodiversity hotspots as Brazil, the
Caribbean, West Africa and Australia.

The SERPENT scientists make regular visits to offshore oil and gas installations (survey
vessels, semisubmee drilling rigs or production platforms) during periods when the ROVs
are not required for industry operations on a continuous basis. They collect and send the data
to the National Oceanography Centre, Southampton (UK) for detailed analysis with the
ultimate aim of producing peeeviewed publications.

In 10 years the project accomplished: 120 visits, in 50 sites and 13 countries. They produced
41 peerreviewed papers, 6 PHD and 14 MSc theses. They are also engaged with Educational
Outreach and Public Awareness (8 televisions, 2 radio, 29 popular megydzimewspapers).
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Their website had 100.000 website hits, 200.000 people reached in-profig exhibits and

10 others in addition. The project has 2.250 database items, and 10.000 views of SERPENT
videos.Their website offers a constantly updated maliesource, and also offer printed

annual reports as well as an online Newsletter. The SERPENT Project is increasing the
awareness of the project to both scientific andsmantific audience and is able to distribute
their information as widely as pobi.

The main themes of Serpent project work are:
1 Effects of hydrocarbon exploration on desga organisms.

Being close to drilling operations gives a unique opportunity to study impact, using
high-resolution ROV studies with video observations andipien sampling.

It is possible to access the drilling area and cover the gradient of disturbance from
maximum to minimum impact.

Experimental approaches include developmgitu (sedimentation effects on
echinoderm gene expression and on asteroidggoroducts) and experimental
approachesx situ(effects of oil pollution on deep water sedimentary communities
and on sponge physiology and genetics)

1 Distribution and behaviour of deey@a organisms.

Study of the deepea biodiversity with videos arstills photography (database for
species observations, species photo identification guide for megafauna of the area,
behavioural observations) and sample collection (examples of megafauna species,
scavenger traps, grab samples for macro fauna and copéedammeio fauna).

The data management includes GIS metadata and data, a Central Data Repository for
analysedlata (Quality Assurance/Quality Control, saved in a standardized format fer meta
analysis), an online records database, a detailed visit @pbive and scientific papers.

The researchers on board are careful with their approach to integrate their jobs with the
offshore operation (to fit their work into main project workflow), to give a feedback of
information to the key players, understargithe work around the rig and exploring all
opportunities that may arise. They also present the work and engage with rig staff, which
helps with both crew attitude and for the scientists to discover new opportuFiitess.

provide advice and tested mectsans for ROV operators to become giairte marine

biologists and encourage them to be on the-lmatkfor the strange animals that inhabit the
ocean depths. The final objective is to have a wide team of dedicated professionals with the
right kind of skillssending in videos and stills quickly to add to our understanding of the deep
sea environment.

The project have also helped improve industry guidance, environmental impact assessments,
environmental management, sustainability policy and reporting, assvieiformed
regulators, resulting in improved environmental performance.

The Serpent Project is cooperating with Australia Museum, BBC Natural History Unit,
National Marine Aquarium, Ocean Laboratory, Offshore Environment Center, Smithson

21



$ o
e SINTEF OLYMPIC

Institution, Soeety of Underwater Technology, Texas A & M University, U.S. Geological
Survey, Newcastle University, University of Sidney, University of West Australia, University
of Technology Sydney, University of Wollongong and University of Hawalii.

Working opporturstically with industry to increase access and to create new data,
cooperating with science institutions to understand the-deepthe Serpent Project is a very
important example for our project in Norway: we can explore their methodology and
exchange irdrmation about the deep sea from Norway. (Daniel Jones)

DANIEL JONES EXPERIENCE: Principal Scientisat Natural Environment Research
Council Senior Scientist in the Ocean Biogeochemistry and Ecosystems Group. Coordinator
of the SERPENT projecSenior Researchet University of SouthamptqruK.

6.3 Report: Deepsea pilot project on board Bep Msion vessel

RMS representative: Msc. Biol. Claudia Erber

Location: Kristiansund, Norway

Position: Ormen Lange

Dates: 16 28 June 2016 on board

Data bas@nalysed571 28 june 2016

Gas & Oil Company: SHELL

ROV Operator: Deep Ocean

ROV: SUPPORTERYy KystDesign, Work Class Hydraulic ROV system.
CTDs: Valepat Midas and SAIV SD204

Tablel. Listof Contacts on board Deep Vision Vessel

Name Position Company
Tim Barclay Shell Representative on board Shell

Lars Tore Operation Manager Deep Ocean
RoarLilleaas Project Manage Deep Ocean
Jamie.A.Wilson Master Deep Ocean
Jens P.Ve Operation Manager on board Deep Ocean
Andrey Seregin Client on board Shell

Kai Tore Hammes ROV pilot Deep Ocean
Jostein Jansen ROV pilot Deep Ocean
Simon Madsen ROV pilot Deep Ocean
Kevin Hansen ROV pilot Deep Ocean
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Ove Hergn ROV Chief Deep Ocean
Tomas Frafjord Senior Project Manager Deep Ocean
Katrine Torvik Environmental Specialist Shell
Gry Harstad Maintenance Disc. Eng. Subdegelines | Shell
Lars Hille Gravity Project Leader Octio

6.3.1 Objectives
1 To start up the DeepSubSea Pilot Project with the collaboration between RMS and
Shell on board the Deep Vision Vessel during Gravity Survey.
1 To use photography and video to investigate the megafauna in the deep Norwegian
Sea, at Ormen LandgeasField.
1 To use CTD database to correlate the presence of animals with oceanographic data.

6.3.2 Methodology

The survey was conducted at Ormen Lange, 120 krthN@est of Kristiansund in the
Norwegian Sea, between 340m and 1100 meters below sea level

The marine biologist frolrRECagreed with the ROV team on board to be presei@aline
ROV Control Room from 08am to 20pm to follow the normal routine of the\RO

In the time between ROV dives, the marine biologist used the tiarealgsethe video
recorded in her own office. Thus she could work with the PC and software kindly offered by
the Client while the vessel was in transit to the next gravity station.

The pictures of animals were saved in jpeg format for identification (books used for

identification: Jones D. and Gates A., 2010 Whitehead et al., 1984nformation such as

date, time, station number (known as LOOP), location, depth and animalicdeiatif were
registered in the AROV Observation Log Sheet
and for saving stills was Visual Review V10.1.16. The onboard ROV Log was used to record

the time of every dive.

The purpose of the cruise was to do asijyasurvey of the Ormen Lange gas field. A series of
installations (called CP stations) have been sitting on the sea bottom since 2012. These
functions as foundations for the gravity survey equipment that is brought down by ROV. The
measuring process tak@0 minutes, after which the ROV could use its cameras to look
around the seabed for animals. The Client allowed a maximum of 2 minutes for looking for
animals at each station.

6.3.3 Limitations

The objective of the survey was the gravity monitoring by the IO@bmpany. For that, the

ROV needed to carry a big, heavy and very sensitive gravity instrument. The gravity

equi pment changes the buoyancy of the ROV an
the sea bottom.

The sea bottom at all ROV stations astesd of landslide material partly covered by non
consolidated sedimenbpse materialganging from clay to sand to gravevery time the
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ROV dived close to the sea bottom to grab an image, the sediment rose up and hindered the
cameras visual field.

It was agreed that the marine biologiktuld not disturb the normal routine time of the
gravity monitoring, so the ROV pilot coul
presence of marine life during measurements.

6.3.4 Survey Area

oL6¥ 10
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0L GS_ 106 OL_GS_108.
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Ol page see A3 r_.;_‘-h ORMEN LANGE Document Securty Level:
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omnar Dole iszuec: 06042016
—— Ormem by e Thesen EPCat No.

Figure 1: Map of th®©rmen Lange Gas field
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8 Digitl Photo Camer Intrface installed| ROV connected with the Octio
equipment

ROV PILOT ‘ Marine Blologlst usmg the software
ROV Online Control Visual Review V10.1.16. to analyze the
database image

6.3.5 Results

Biodiversity

The marine biologist started the survey a"I8ine, and get access to database image from
the beginning of the Gravitational Survelata from &' June With the softwar&/isual

Review V10.1.16was possible to analyse@adl time of 358hs and 57mand it was possible
to register 176 marine animals.
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Date | Time Depth Nr. | Group Specie

05.jun| 15,11 1071 1 | EchinodermAsteroid. Zoroaster spp.
06.jun| 6,34 869,26 1 | Cnidaria.Pennatulid. Umbellula sp.
06.jun| 6,44 871,37 1 | Echinoderm.Asteroid. Zoroaster spp.
06.jun| 10,11 1131 1 | Echinoderm.Asteroid. Zoroaster spp.
06.jun| 14,14| 926,45 1 | Cnidaria.Hidroid.

06.jun| 14,02 924,09 1 | Echinoderm.Crinoid. Rhizocrinus sp
06.jun| 14,05| 925,98 1 | Cnidaria.Pennatulid. Umbellula sp
06.jun| 14,14| 926,45 1 |Cnidaria.Stauromedusae. Lucernia spp.
06.jun| 14,42| 926,42 1 | Cnidaria.Stauromedusae. Lucernia spp.
06.jun| 14,45| 926,26 1 | Cnidaria.Pennatulid. Umbellula sp
06.jun| 22,18| 872,45 1 | Cnidaria.Pennatulid. Umbellula sp
07.jun| 6,32 625,94 1 | Arthropod.Decapod. Atlantopandalus sp.
07.jun| 6,33 625,89 1 | Arthropod.Decapod. Atlantopandalus sp.
07.jun| 7,05 626,13 1 |Fish.NL

07.jun| 10,08| 401,25 1 | Echinoderm.Ophiuroid.

07.jun| 10,08 401,49 1 | Echinoderm.Ophiuroid.

07.jun| 10,14| 401,75 1 | Artropod.Decapod.

07.jun| 12,15| 289,38 1 |Fish. Brosme brosme
07.jun| 12,17| 289,33 1 |Fish. Chimera monstruosa
07.jun| 12,24| 288,97 1 | Echinoderm.Echinoid. Echinus elegans
07.jun| 14,32 342,39 1 | Echinoderm.Echinoid.

07.jun| 14,35| 342,46 1 | Fish.Zoarcid. Lycodes spp.
07.jun| 14,45| 342,59 1 | Echinoderm.Echinoid. Echinus elegans
07.jun| 14,51| 342,48 1 | Echinoderm.Echinoid.

07.jun| 8,21 827,79 1 | Cnidaria.Hidroid.

07.jun| 6,12 625,94 1 | Arthropod.Decapod. Atlantopandalus sp.
08.jun| 12,39| 857,35 2 | Cnidaria.Pennatulid. Umbellula sp
08.jun| 13,13 57,45 1 | Echinoderm.Ophiuroid.

08.jun| 6,13 1099,50 1 | Chaetognatha. Worm

08.jun| 7,35 1099,45 1 | Echinoderm.Ophiuroid.

08.jun| 10,5| 111255 1 | Echinoderm.Ophiuroid.

10jan| 1,11 911,30 1 |Cnidaria.Pennatulid. Umbellula sp

10.jun| 1,12 911,32 1 |Fish. Careproctus spp.
10.jun| 1,33 911,05 1 |Cnidaria.Pennatulid. Umbellula sp

10.jun| 8,39 892,39 1 | Cnidaria.Pennatulid. Umbellula sp

11jun| 1,31 827,02 1 |Fish. Careproctus spp.
11.jun| 3,32 727,14 1 |Porifera.Desmoponge. Chondrocladia gigantea
11.jun| 6,23 1048,31 1 | Echinoderm.Ophiuroid.

11.jun| 8,44 929,70 1 | Arthropod.Pycnogonid.

11jun| 12,45| 895,63 1 | Echinoderm.Asteroid.

11.jun| 16,49| 1101,65 1 |Porifera.Desmoponge. Chondrocladia gigantea
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11.jun| 19,13| 1085,21 1 | Cnidaria.Pennatulid Umbellula sp
11.jun| 20,59| 1057,49 1 | Arthropod.Decapod. Bythocaris sp
12.jun| 1,38 1029 1 | Chaetognatha. Worm
12.jun| 3,29 849 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusal
12.jun| 3,35 850,20 1 |Fish.
12.jun| 4,08 850,41 1 |Porifera.Desmoponge. Chondrocladia gigantea
13.jun| 18,42| 826,04 1 | Chaetognatha.Worm. Niponnertes sp
14.jun| 0,03 843,64 1 | Cnidaria.Pennatulid. Umbellula sp
14.jun| 0,38 843,86 1 | Echinoderm.Asteroid.
14.jun| 6,07 754,31 1 | Mollusc.Gastropod.
14.jun| 9,05 856,75 1 | Cnidaria.Pennatulid. Umbellulla sp
15.jun| 2,02 897,44 1 | Echinoderm.Asteroid. Pontaster sp
15.jun| 2,02 897,30 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusa
15.jun| 9,39 898,33 1 | Echinoderm.Asteroid. Pontaster sp
15jun| 13,28| 882,46 1 |Cnidaria.
15.jun| 22,08 805,25 1 | Arthropod.Decapod. Atlantopandalus sp.
17.jun| 13,32| 7023873,79 1 |Porifera.Desmoponge. Chondrocladia gigantea
17.jun| 19,58 835,62 1 | Arthropod. Pygnogonid.
17.jun| 21,12| 805,71 1 |Fish. Careproctus spp.
17.jun| 23,37 781,93 1 | Fish.Zoarcid. Lycodonus spp
17.jun| 23,41| 781,97 1 | Arthropod.Decapod. Atlantopandalus sp.
18.jun| 20,3 400,19 1 | Echinoderm.Echinoid. Echinus elegans
18.jun| 20,3 288,58 2 | Fish. Molva spp.
18.jun| 22,31| 288,87 1 | Arthropod.Decapod.
18.jun| 22,31| 288,87 100 | Arthropod.Decapod.
18.jun| 22,34| 288,74 1 | Mollusc.Bivalv.
18.jun| 22,35| 288,66 |1000| Arthropod.Decapod.
18.jun| 23,16 288,72 1 |Fish. Molva spp.
19.jun| 0,23 375,02 1 | Echinoderm.Echinoid. Echinus elegans
19.jun| 2,19 604,69 1 | Porifera. Hexactinellid. Hexactinelli sp.
19.jun| 6,09 931,01 1 | Mollusc.Gastropod. Colus spp.
19.jun| 6,09 931,01 1 | EchinodermOphiuroid. Gorgonocephalus caputmedusal
19.jun| 10,09| 947,84 1 | Echinoderm.Ophiuroid. Ophiupleura borealis
19.jun| 10,1 947 2 | Chaetognatha.Worm.
19.jun| 12 1057 1 | Echinoderm.Asteroid.
19.jun| 12,01 1058 1 | Porifera.Desmoponge. Stylocordyla borealis
19.jun| 12,03| 1058,03 1 | Echinoderm.Crinoid.
19.jun| 12,35| 1057,85 1 | Porifera.Desmoponge. Stylocordyla borealis
19.jun| 12,36] 1057,85 1 | Molusc.Gastropod.
19.jun| 15,46| 863,42 1 |Cnidaria.Pennatulids.
19.jun| 15,47| 863,61 4 | Porifera.Desmoponge. Stylocordyla borealis
19.jun| 22,53| 884,63 1 |Cnidaria.Pennatulids.
20.jun| 2,05 765,86 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusal
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20.jun| 4,39 523,48 1 | Echinoderm.Asteroid.
20.jun| 4,39 523,48 1 |Cnidaria. Coral.
20.jun| 5,39 402,27 1 | Echinoderm.Echinoid. Echinus elegans
20.jun| 22,55| 884,63 1 |Cnidaria.Pennatulids.
20.jun| 13,57| 861,68 1 | Arthropod.Decapod. Atlantopandalus sp.
20.jun| 10,1 805,95 1 | Mollusc.Cephalopd. Sepiola atlantica
20.jun| 12,18| 867,85 1 | Fish. Zoarcid. Lycodes spp.
20.jun| 12,2 867,73 3 | Echinoderm.Crinoid.
20.jun| 13,56| 861,75 1 | Echinoderm.Ophiuroid. Ophiopleura borealis
20.jun| 13,57| 861,67 1 | Arthropod.Decapod. Atlatopandalus sp.
20.jun| 17,13| 847,80 1 | Fish.Zoarcid. Lycodes spp.
20.jun| 19,03| 700,91 4 | Desmoponges Stylocordyla borealis
20.jun| 19,07| 781,77 1 | Cnidaria.Cerianthid.
20.jun| 19,17| 101,97 1 | Cnidaria.Pennatulids. Umbellula sp.
21ljun| 5,16 771,97 1 | Mollusc.Gastropod.Prosobranch
21.jun| 8,23 519,52 1 | Echinoderm.Echinoid.
21ljun| 8,55 414,47 1 | Echinoderm.Echinoid. Echinus elegans
21.jun| 10,41| 414,47 1 | Echinoderm.Holonthuroidea.
21.jun| 10,42 414,47 1 | Mollusc.Gastropod.
21.jun| 12,19| 474,89 1 | Chaetoginath.Sagithoidea.Worm
21.jun| 14,08 400,76 2 | Porifera.
21.jun| 1554 719,12 1 | Mollusc.Gastropod. Colus spp.
21.jun| 17:22 870,31 1 | Cnidaria.Pennatulid. Umbellula sp.
21ljun| 21,59| 856,80 1 |Fish. Cottunculus microps
21.jun| 21,48| 855,29 1 | Echinoderm.Ophiuroid.
22.jun| 3,12 471,48 3 | Echinoderm.Echinoid.
22.jun| 7,33 863,79 1 | Cnidaria.Actiniariarian.
22.jun| 10,05| 875,64 1 | Arthropod.Pignogonid
22.jun| 10,07| 875,76 1 | Echinoderm.Asteroid.
22.jun| 11,38| 805,87 1 | Echinoderm.Ophiuroid.
22.jun| 13,51 779,52 1 | Arthropod.Amphipoda.
22.jun| 15,18| 771,58 5 | Cnidaria.
22.jun| 15,23| 772,05 1 | Arthropod.Picnogonid.
22.jun| 19,3 527,86 1 | Mollusc.Gastropoda.
22.jun| 20,36| 341,99 1 |Chordata. Shark. Squalidae
22.jun| 20,36| 342,54 1 | Echinoderm.Echinoid.
22.jun| 21,58| 367,93 1 | Echinoderm.Holothuroid.
22.jun| 22 369,51 1 | Echinoderm.Echinoid.
22.jun| 22,58| 369,61 1 | Echinoderm.Echinoid.
22.jun| 23,28 368,82 1 | Echinoderm.Holothuroid.
23.jun| 2,2 766,69 1 | Mollusc.Gastropod.
23.jun| 2,55 765,93 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusal
23.jun| 7,31 884,89 1 |Chaetognata.
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23.jun| 12,35| 816,04 1 | Echinoderm.Holothuroid.
24.jun| 1,48 886,61 1 |Cnidaria.
24.jun| 4,05 899,11 1 | Ctenophora.
24.jun| 6,19 946,62 20 | Echinoderm.Crinoid.
24.jun| 8,24 995,89 2 | Echinoderm.
24.jun| 11,12| 912,80 1 |Cnidaria.Alcyonacean.
24jun| 11,12 912,74 1 | Echinoderm.Ophiuroid. Ophiupleura borealis
24.jun| 11,13| 932,08 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusal
24.jun| 12,43| 898,75 1 | Echinoderm.Ophiuroid.
24.jun| 14,17| 883,38 1 | Porifera.Desmoponge. Chondrocladia gigantea
24.jun| 14,17| 881,67 1 | Echinoderm.Ophiuroid.
24.jun| 17,2 864,57 1 | Echinoderm.
24.jun| 22,12| 1026,54 1 | Echinoderm.
25.jun| 0,35 972,09 1 | Echinoderm.Ophiuroid. Ophiupleura borealis
25.jun| 04:09| 753,43 1 | Chaetognata.Worm.
25.jun| 6,31 837,09 1 | Echinoderm.
25.jun| 6,12 818,27 3 | Cnidaria.Cerianthid.
25.jun| 8,28 856,37 1 | Mollusc.Gastropod.
25.jun| 9,5 930,1 2 | Arthropod.Picnogonid.
25.jun| 10,15| 930,25 1 | Arthropod.Picnogonid.
25.jun| 11,55| 1008,28 1 | Cnidaria.Cerianthid.
25jun| 11,55| 1008,47 2 | Fish. Cottunculus microps
25.jun| 11,58| 1008,57 1 | Cnidaria.Pennatulid.
25,jun| 12,31| 1008,78 1 | Cnidaria.Cerianthid.
25.jun| 14,17| 911,47 1 | Cnidaria.Cerianthid.
25jun| 14,19| 911,57 1 |Fish. Cottunculugmicrops
25jun| 20,17 11019 1 | Cnidaria.
25.jun| 12,28| 1008,79 2 | Fish. Cottunculus microps
26.jun| 2,51 801,17 1 | Cnidaria.Actiniariarn. Heliometra glacialis
26.jun| 2,54 801,18 1 |Fish. Cottunculus microps
26.jun| 02:56 801 1 | Echinodermata.Crinoid.
26.jun| 7,43 756,30 2 | Molusc.Gastropod. Colus spp.
26.jun| 12,06| 1005,95 1 | Cnidaria.Actiniariarn.
26.jun| 13,37| 1058,44 1 | Arthropoda. Decapoda. Atlantopandalus sp.
26.jun| 6,38 798,59 1 | Cnidaria.Cerianthid.
26.jun| 17,38 857,12 1 | Cnidaria.Pennatulid.
26.jun| 20,59 844,97 2 | Cnidaria.Pennatulid.
27.jun| 0,32 970 1 | Echinoderm.Ophiuroid.
27.jun| 8,19 840,11 1 | Mollusc.Gastropod. Colus spp.
27.jun| 9,26 856,19 1 | Arthropoda. Decapoda. Atlatopandalus sp.
27.jun| 9,26 856,31 1 | Cnidaria.Pennatulid.
27.jun| 10:53| 856,62 1 | Cnidaria.Cerianthid.
27.jun| 14,03| 1106,25 1 | mollusc.Cephalopds Cirroteuthis sp.
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27.jun| 14,03| 1105,83 1 | Arthropod. Decapod. Atlantopandalus sp.
27.jun| 14,4 | 1109,84 1 | Cnidaria.Cerianthid

27.jun| 17,45| 935,29 1 | Echinoderm.Ophiuroid. Gorgonocephalus caputmedusal
28.jun| 0,22 899,15 1 | Arthropod.Picnogonid

28.jun| 6,14 832,78 1 | Arthropod.Decapod.

28.jun| 6,14 839,47 1 | Mollusc.Cephalopds. Cirroteuthis sp.

28.jun| 12,56| 701,85 1 | Arthropod.Pycnogonid.

28.jun| 12:58| 701,35 1 | Cnidaria.Hidroid. Corymorpha groelandica
28.jun| 12,59| 701,82 1 | Chaetognatha.Worm.

28.jun| 12,59| 701,82 1 | Mollusc.Gastropod. Colus spp.

28.jun| 12,59| 701,93 1 | Arthropod.lsopod. Munnopsurus giganteus
28.jun| 15:04| 843,44 1 |Fish. Cottunculus microps

From 176 registrations of marine animals, 6% were Phylum Porifera (number of animals 10),
22% Phylum Cnidaria (number of animals 40), 32% Phylum Echinodermata (number of
animals 56), 15% Phylum Arthropoda (number of animals 26, excluding krill), 9% Phylum
Mollusca (number of animals 16), 11% Phylum Chordata (number of fishes 20) and 5%
Worm like taxa (number of animals 9).

Example of species identified from Phylum Porifera:

Chondrocladia gigantean (n.5) Stylocordyla borealis (n.3)

Hexactinellisp. (n.1) Non Identified (n.1)

Example of species identified from Phylum Cnidaria:

30



A )

Runde

Miljgsenter

Umbellula sp. (n.20)

Crinoid NI(n.02)

SINTEF

0

......

Actiniarian (n.01)

OLYMPIC

Corymorpha groelandica (n.01)

Gersemia sp. (n.01)
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Echinus elegans (n.06)

Ophiupleura borealis (n.04)
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