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The scope of the DIFIS project is the study, design and validation of an EU reference
method for the prompt and cost-effective intervention on ship wrecks. The developed system
will be able to deal with oil leaking from ship wrecks even in very large water depths. The
system will be of general applicability, as long the trapped pollutant does not dissolve and is
of lower density than sea water.
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1 MANAGEMENT SUMMARY

The present report gives an overview of the different actions that aims at the creation of
public awareness on DIFIS project achievements.

It also details the actions undertaken to enhance the awareness for the project within the
relevant bodies, associations, authorities, during meetings, conferences.

For this purpose a Website, project leaflet and poster, have been created. In addition,
informations on the project results were regularly communicated to news papers and
other media e.g. through press releases. The scientific results have been published to
related conferences, workshops, etc. and to the events organized by EU.

Most of corresponding documents are attached to the main report.
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2 INTRODUCTION

The scope of the DIFIS project is the study, design and validation of an EU reference
method for the prompt and cost-effective intervention on ship wrecks. The developped
system will be able to deal with oil leaking from ship wrecks even in very large water
depths. The system will be of general applicability, as long the trapped pollutant does
not dissolve and is of lower density than sea water.

The project had its kick-off meeting in september 2005, and a duration of 36 months.

General information on the DIFIS project can be found on the project web-site [1] at
http://www.difis.eu, while a more detailed technical description of the project scope of
work can be found in reference [2].

The technical and operational results are described in the different deliverables of the
project. The results are synthetised in the Management Reports D 1.1 and D 1.2.

A specific Work package in the project (WP10) is dedicated to actions that will be
undertaken to enhance the awareness for the project within the relevant bodies,
associations, authorities etc and develop the business / exploitation plan and the
commercial agreements that would ensure the smooth introduction of the project results
into the market. (D10.1). Also are included tasks that aim at the creation of public
awareness on project achievements (D 10.2).

The present document (D 10.2) is concerning these last activities.

For this purpose a Website and a project leaflet have been created. In addition,
informations on the project results were regularly communicated to news papers and
other media e.g. through press releases. The scientific results have been published to

related conferences, workshops, etc. and to the events organized by EU.

The document gives an overview of all these tasks.
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3 PROJECT WEB SITE

The DIFIS web-site at http://www.difis.eu/ contains both open sections for providing
information to the (general) public and closed sections for sharing information between
the project participants (e.g. reports, presentations and working documents). The web-
site was regularly up-dated by Ifremer, with the participants’ contributions.

Appendix 1 presents overview of web-site main sections.

4 PROJECT LEAFLET AND POSTERS

A DIFIS project leaflet was made since the beginning of the project, to provide
information on the project, including objectives, project participants, schedule and
achieved results. Three up-dated versions were achived at different main steps of the
project.

Appendix 2 presents the last up-dated version.

Different posters were made by the end of the project design. The last one, designed for
the presentation of the project during the conference INTERSPILL 2009 , 12-14 May
2009 in Marseille, is attached in Appendix 3 .
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5 PUBLICATIONS

Since the beginning of the project, different publications were made by the DIFIS
partners in a number of media. These include publications aimed at the general public
(e.g. newspaper, magazines, etc..) and technical publications (e.g. conferences,
journal). Among these last ones, regular publications were made at different steps of the
project in European magazines — PSCA International and Parliament Magazine — which
are sent out to a large number European, national, regional and local government
organizations.

Page 4

The table below and the appendices give an overview of these publications.

Table 1: DIFIS publications

Dates Publication Audience
March 07 MARIN investigates system for the prevention of | MARIN's press release
environmental disasters
[app.4]
March 07 Article in Parliament Magazine [3] European Press — National, regional
[app.5] and local government organisation —
1200 copies
0]
April 07 Article in the EXPRES newspaper, Greece Local mass media newspaper
[app.6]
June 07 Article (2 pages) in PSCA International n°14 [4] European Press — National, regional
[app.7] and local government organisation —
1200 copies
(it)
August 07 Article in  Fairplay Solutions magazine, | Peer-reviewed journal
published by Lloyd’s [5] (i)
[app.8]
September Publication for International Symposium on | International workshop
07 Maritime Safety, Security and Environmental
Protection — Athens, Sept. 20-21,2007 — [6]
[app.9]
October 07 Article in “Ouest France” newspaper (France) Regional mass media newspaper —
During “Safer Seas” conference [7] public awareness
[app.10]
March 08 Article in Deltio — Bulletin of Society Mechanical- | Notes in special-interest newsletter -
Electrical Engineers (Greece) technical bulletin
[app.11]
May 08 E & T official publication of general secretariat | Notes in special-interest newsletter -
for R&D of the Ministry of Development | technical government bulletin
(Greece) (Greece)
[app.19]
May 08 Publication for International Oil Spill Conference | International audience:

(I0SC 2008) on Prevention, Preparedness,
Response and Restoration, - Savannah, USA,
May 4-8,2008 — [8]

[app.12]

2000 people from 50 countries, and
more than 250 exhibits
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May 08 article on the DIFIS project, from last May's | This magazine reaches a very large
edition of the Naval Architect (published by | world wide audience in the ship-
RINA). building industry.
[app.13]
May 08 Article on DIFIS from the Fairplay Solutions :Deer-reylewlted journal
magazine, published by Lloyd's. May 2008 .rlternatlona
edition. (iii)
[app.14]
July 08 Article in magazine “Projectos Quimicos” — 7500 goples .
Spai Technical public awareness
pain
[app.15]
August 08 Article in SENER activities report SENER is a_wellknown engineering
company with more than 1000
[app.16] persons, and many clients all
around the world
Sept.08 Publication for Nautical Review magazine, Nothes_ |nlst5)e”0|e_1l-|nterest newsetter -
published by Greek military Navy (sept. Oct. technical bulletin
Nov. 2008)
[app.20]
Feb. 09 2 Full pages in PSCA International European Press — Natlonal,_reg_lonal
and local government organisation —
[app.17] 1200 copies
March 09 Publication (1 page) in Parliament Magazine European Press — National, regional
[app.18] and local government organisation —
1200 copies
May 09 Poster session during INTERSPILL 09 International audience:
2000 people from 50 countries, and
more than 250 exhibits
May 09 Simulation of deployment Website

ftp://ftp.cea.frincoming/y2k01/DIFIS/

(i) PSCA International : http://www.publicservice.co.uk
The Public Service Review / European Union is a member of the Audit Bureau of
Circulation (ABC). The series is among the most comprehensive media of its type
aimed at the Public Sector.

(ii) Parliament Magazine : http://www.theparliament.com/
The magazine is the leading publication for all those interested in the work of the
European Parliament.

(iii) Fairplay Solutions

: http://www.fairplay.co.uk/

It is a monthly technical magazine, preferred provider of information and insight to the
maritime industry and maintains databases on maritime subjects.
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6 PARTICIPATION TO INTERNATIONAL CONFERENCES WITH DIFIS
PRESENTATION

The DIFIS project was regularly presented , at different steps of the study, during
international conferences.

6.1 IX Jornadas Espanolas de Ingeniera de Costas y  Puertos — San-Sebastian,
May 29-30,07

http://www.azti.es/JECyP2007/home.htm

This conference brought together administratioastal interest groups, ingineers
and multi-disciplinary scientifics for sharing saif the art on the different
alternatives for a durable gestion of the environine

The conference was organised by the the direcfitraidoours and naval office of the
Basque Country and Marine Research Unity “AZTI| Taden”

The concept and design parts of DIFIS project wasgnted during this conference
which was more focusing on local coastal envirorimen

6.2 International Symposium on Maritime Safety, Sec  urity and Environmental
Protection — Athens, September 20-21,07

http://www.martrans.orq:8093/symposium/

Some 180 people attended the International Symposium on Maritime Safety, Security
and Enviromental Protection (SSEQ07), which took place on September 20-21, 2007, in
Athens, Greece. The symposium was organized by the Laboratory for Maritime
Transport at the National Technical University of Athens.

the web site gives all informations on the programme of the symposium, the keynote
address, all papers presented, and a photo gallery.

The DIFIS publication is presented in appendix

6.3 Safer Seas 2007 — Brest, October 9-12,07

http://www.saferseas-brest.org/

Project FP6-516360 “DIFIS”
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Organised around international conferences, seminars and poster sessions, as well as a
professional trade fair for researchers, entrepreneurs and delegates from institutions in
France and abroad, Safer Seas is one of the major international events dealing with the
challenges of maritime safety and security,

It is a multidisciplinary, crossover event embracing scientific, technological, legal and
institutional skills and specialisms, and benefiting from the expertise of marine operators and
professionals.

The number, diversity and quality of the partners and stakeholders involved — the
International Maritime Organisation, European Commission, European Maritime Safety
Agency, European Space Agency, the Secrétariat Général de la Mer, local authority
networks, port authorities, ship owners, maritime personnel, industrialists, maritime clusters
from various regions around the world, etc. — make Safer Seas a unique event. It provides
an occasion for grasping the import of newly implemented European and international
policies, for taking stock of innovations and technological opportunities designed to assist the
drive towards cleaner, safer seas, and for periodically assessing progress already made and
new challenges now needing to be met as regards economic and maritime transport
developments.

DIFIS project was presented during the conference, and the poster session.

6.4 10SC 2008

http://www.iosc.org/

May 4-8, 2008 at the Savannah
International Trade & Convention Center in Savannah, Georgia, USA. Over 2,000
people from 50 countries were attending the technical sessions and the center was
greeting more than 250 exhibits. The Conference theme for 2008 was:

The International Oil Spill Conference contributes to and enables a “culture of
preparedness” within the oil spill response community, the broader field of incident
management, and society as a whole. It provides a forum for professionals from the
international community, the private sector, government, and non-governmental
organizations to highlight and discuss innovations and best practices across the
spectrum of prevention, preparedness, response and restoration.

DIFIS was presented during the conference. The publication is attached in appendix

6.5 International Posidonia 2008 Exhibition — Athen s, June2-6,2008

http://www.posidonia-events.com/online/
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Posidonia 2008, the international Shipping Exhibition, took place at Hellinikon exhibition
center in Athens, Greece, in June 2-6,2008.

This conference is organised in Greece by the ship-owners association every two years.
POSIDONIA 2008 accommodated 744 exhibitors in 27.500 m2 of exhibition space on
one level, and at seven Halls.

DIFIS was not presented, but it was an opportunity to follow up with some of the
contacts made during IOSC 2008 conference, and at advancing further some of the
discussions with mainly salvage companies, SMIT and T&T Bisso.

A report is available on DIFIS website.

6.6 INTERSPILL 2009

http://www.interspill.com

The 2009 Interspill Conference and Exhibition is held together with the Fourth IMO R&D
Forum on Hazardous & Noxious Substances (HNS) in the Marine Environment. The
combination of these two events enable coverage of a broader range of related topics
addressing the technical, scientific and legal aspects of spill prevention, preparedness
and response for both oil pollution in the marine and inland environments and HNS
pollution in the marine environment.

Associated to the conference, and IMO R & D forum, there are free exhibition,
educational workshop and a poster session, where DIFIS project has been introduced.

Project FP6-516360 “DIFIS”



Document Number D.10.2 Page 9

7 CONCLUSIONS

Plan for dissemination of project results have been considered from the start of the
project and built into the overall strategy and budget of the project, both in terms of
expenses and workload. In this way, the project has allocated around 8% of total project
ressources to such activities.

During the steps of the development, project results have been regularly introduced for
different audience:
people interrested by research and innovation, particularly concerning oil spill
response, and the broader field of incident management, and society as a
whole;
government, and non-governmental organizations
professionals from the international community, the private sector in salvage
industry.

The project has used the most effective methods to best communicate the results to the
most important audience:
Website with open pages for communication, and internal pages for authorized
members
Articles in peer-reviewed journals
Articles and features in local and regional mass media
Meetings and conference presentations: in particular the project was introduced
during the two main conferences on the subject, IOSC 2008 and INTERSPILL
09;
Leaflet and poster that can be shared with extension services

Project FP6-516360 “DIFIS”
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http://www.difis.eu
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APPENDIX 3 — DIFIS Poster for INTERSPILL 2009
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APPENDIX 4 — MARIN Publication

Press report
8 March 2007

MARIN Investigates System for the Prevention of Env  ironmental Disasters

The Maritime Research Institute Netherlands (MARIN) is actively involved in the
European research project DIFIS ("Double Inverted Funnel for the Intervention on
Shipwrecks). The intended purpose of this project is the development of a cheap and
flexible system to remove oil from shipwrecks, even when the wreck is located in very
deep waters. By applying the DIFIS-system, in case of a naval disaster it is possible to
prevent oil from spilling into sea. Major environmental disasters, like the sinking of the
tankers Prestige (2002) and Erika (1999), can thus be prevented.

The DIFIS project had its kick-off in September 2005 and will last for 3 years. The total
budget is €3.1 m, €1.8 m of which is financed by the European Communion, within the
6" Frame Programme (Project Reference FP6-516306 "DIFIS"). In all 8 participants,
companies from The Netherlands, France, Spain, Belgium and Greece take part in the
project.

The DIFIS system consists of a Dome, a Riser Tube and a Buffer Bell. The whole
construction is light, consists of flexible components and can be applied in water depths
up to 4,000 m. The cone-shaped Dome is made of a light fabric material and is placed
over the shipwreck. The oil leaking from the wreck is assembled under the Dome and is
led upwards through the Riser Tube. The leaking oil does not reach the water surface,
but is kept inside the Buffer Bell. This cylinder-shaped Buffer Bell is placed 30 to 50 m
under water, so that it is not influenced by heavy weather conditions at the surface. The
Buffer Bell contemporarily stores the oil and is regularly emptied by a vessel especially
equipped for this purpose. The DIFIS system is not removed until the wreck is
completely cleared of oil, and there is no longer a risk for the environment.

At present MARIN is carrying out model tests in one of the test basins in order to
investigate the feasibility of this newly developed system. The system’s behaviour is
tested on model scale in various weather conditions (wind, waves and current), also
including heavy weather conditions. The whole unique DIFIS concept (on model scale)
can now be seen in a demonstration in MARIN’s Offshore Basin on 12 March at 14:00
hrs. Representatives of the Participants will also be present during the tests.

The first preliminary designs of the system are ready. The results of the model tests

carried out at MARIN will be implemented in the final plans of the system. In the coming
eighteen months the DIFIS project will further develop procedures for the installation and
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inspection of the system. Furthermore, economical and logistic aspects will be taken into
account. In October 2007 MARIN will carry out a second series of model tests, more
closely investigating the installation of the system.

MARIN

MARIN, the Maritime Research Institute Netherlands, has been an independent and
innovative service provider for the maritime industry and a contributor to the well being
of society, since 1932. The services incorporate a unique combination of simulation,
model testing, full-scale measurements and training programmes. MARIN provides
services to the shipbuilding and offshore industry and governments. Customers include
commercial ship builders, fleet owners, naval architects, classification societies, oil and
LNG companies and navies, the world over.

MARIN is always strengthening the link between academic research and market
needs. Through this, continuous synergy with the maritime industry is
guaranteed. To fulfil its hydrodynamic research services, MARIN has an
exceptional range of computer simulations, model testing, full-scale
measurements and training facilities.

End press report

*k% *k% *k%

*kkkkkkkk

For further information: Hans Cozijn / Offshore Dept.
Ellen te Winkel/Communication
Postbus 28
6700 AA Wageningen
Tel.: (+31-317) 493911
Internet: www.marin.nl
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APPENDIX 5 — Full-page article published in Parlia
magazine — March 26 ™, 2007
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APPENDIX 6 - Full-page article published in the E XPRES —
22-04-2007
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APPENDIX 7 - Full-page article published
International magazine — June 2007
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APPENDIX 8 - Full-page article published in Fairpla vy
Solutions magazine — August 2007
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APPENDIX 9 - Publication for International Symposiu m on Marine
Safety, Security and Environmental Protection (SSE 2007)— Athens,
Sept.20-21,2007

Recuperation of Oil Trapped in Ship-Wrecks: the DIHS Concept
Fivos Andritsod, Panagiotis A. Konstantinopoul®s Konstantinos J. Charatsts
Christos Derdas, Dimitris Mazarakos, Vassilis Kgstalos®

Y European Commission — Joint Research Cefittes.andritsos@jrc. it
2 Industrial Systems Institute, Greep&pnst@isi.grcharatsis@isi.gr
® Applied Mechanics Lab., Mech. Engineer dpt, Pattaiversity, Greece
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Abstract

A method for the prompt and cost-effective intetieerand remediation of tanker wrecks dealing veitkentual leaks
and recuperating the fuel trapped in their tankerewat considerable depths is described. The mathotigeneral
applicability as long as the trapped pollutant doest dissolve and is of lower density than sea wataelies on
gravity to channel the flux of spilt fuel towardietsurface. Instead of channeling the flux diretdlyhe surface, the
flux of fuel-water mix is channeled to a bufferene®ir/separator some 30-50 m below the sea suréacas not to
be affected by rough weather. This is achieved &égns of a light, quickly deployable flexible sturetthat should
stay in place until all the tanks of the wreck amaptied and the pollution threat eliminated. Théféureservoir,
into which the spilt fuel is channeled, is provideith standard equipment through which shuttle glssaveather
permitting, can recuperate the fuel rapidly, usstgndard off-shore loading equipment and procedures

Keywords
Ship-wreck; oil-spill; deep-sea intervention; ptillun prevention
1. Introduction

Unfortunately, maritime disasters leading to manvironmental pollution happen almost regularlyrgv& 3 years:
AMOCO-GADIZ in 1978, TANIO in 1980, AEGEAN SEA in9B2 etc. In December 1999, the sinking of the tanke
ERIKA caused a major pollution at the coasts oftBny and triggered several measures aiming gbrneention of
similar maritime catastrophes.

While a number of systems have been developed epldykd for containing, treating or eliminating fleating oil
spills, in what regards the containment or the igation of the pollution threat right at the sunkemeck, no
proposal has ever gone further than the conceptat#. The last two actual interventions on shipcks (ERIKA
and PRESTIGE) were planned and implemented un@eprssure of the environmental emergency. Thelieabp
only to the specific conditions and, at least ia tse of PRESTIGE, managed to collect only a sinaatlior” of the
original fuel load.

Besides the threat that further accidental sinldhganker and other vessels represent to the mamregonment
there already exist many wrecks lying on the seh dkover the world, many of them having smallerbayger

guantities of hydrocarbons trapped in their tamesdo and/or fuel). Each one of these wrecks domss, according
to the trapped hydro-carbons, the structural stghof the wreck and the environmental conditioasnore or less
serious threat for the environment at a shortéomger term.

On the aftermath of the PRESTIGE disaster, a nooelcept for intervention directly at the ship wreckas
conceived at JREThe detailed study and laboratory validationhafttconcept is the objective of the DIE{Soject,
partly financed by the European Commission undePtbst-PRESTIGE package of the FP6-SST scheme.

2. State-of-the-art

On November 182002, the tanker PRESTIGE loaded with 77.000hezfvy fuel oil (typically used as bunker fuel)
developed a Z5starboard list while in heavy seas and high wind$e region of Cape Finisterre, 28 nautical miles
off the coast of Galicia in northwest Spain. Theset, after leaking some 3.000 t of fuel, was addp sail away
from shore. On November 19, due to the severetsiral overloading, it broke apart and, after hgviurther leaked
some 10.000 t, sunk 133 miles off Cape Finisteitehe beginning of December 2002, the PRESTIGEClvreas
leaking as much as 125 t of oil per day.

The ship wreck lays in two pieces, at 3.820 and315 deep, approximately 3,5 km apart. Some 2Grgaboints

were identified by NAUTILUS, the submersible of tReench Institute IFREMER that was commissionecthsy

Spanish government to intervene on the wreck. Sofmthese leaks were stopped by NAUTILUS, albeitain
provisory manner. By mid January 2003, the leakege reduced to 60-80 t daily and, during the sigieesnonths,
the leakage was further reduced to few tons daily.

! Less than 15% of the original fuel load has beenperated; 25% leaked before sinking while 60%ldee slowly dispersed
in the ocean during the 22 months it took to plad immplement the intervention

2 Joint Research Centre of the European Commission

% Double Inverted Funnel for Intervention on Ship-oke
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By mid February 2003 the estimated quantity of fweshnant on the wreck was estimated at 37.500¢. Spanish
commission of experts presented its final reporttlom remediation of the situation, proposing twteralative
solutions:

1. Conventional pumping.
2. Confinement into a rigid sarcophagus

The Spanish government entrusted to REPSOL YPRatble of recovering the fuel from the PRESTIGE wreck
After detailed studies, REPSOL reconsidered thev@boentioned recommendations and proposed twonatiee
solutions for extracting the remaining fuel: thénl&le Bag” and the “Confining Marquee” methods.

The Shuttle Bag method was retained. It consisteapening large holes (& 80-90 cm) at each of dh&s, installl
valves and bring the fuel to surface in batched.6D0 t through the use of special extensible ‘thltags” as
shown in Fig. 1 below. For an estimated quantityeshaining fuel of about 35.000 t, 35 such shuttfes would be
necessary, with the constant presence of ROV antemehips above the wreck.

Fig. 1: “Shuttle bag” method foreseen for the PRESTI& intervention, [Repsol YPF, Proyecto Prestige]

The Italian company SONSUB was assigned to studyimplement the intervention.

By May 2003 the shuttle bag concept was finalized an October 2003, almost a full year after theicemt, the
first 100 t of oil were recovered. Following thisst pilot operation, the concept was modified 886 ni capacity
Aluminium shuttle tanks were used instead of thigilly foreseen bags.

The operations completed on October 2004 with gwevery of about 13.400 t of oil. Slurry rich inardbiologic
agents was pumped in the hold to speed up the dweak of any remaining oil. The total estimated cofthe
operations was well over 100 million €.

The PRESTIGE intervention put in evidence the latlreparation for handling similar catastropheespite the
efforts of REPSOL, SONSUB and the rest of the @mttrs, despite the challenges faced, at the endsal80% of
the PRESTIGE heavy fuel oil cargo was dispersethéoocean. The prime reason for that is the laclefefrence
methods and procedures for a prompt interventitis iE exactly the aim of the DIFIS project.

3. The DIFIS concept

3.1 Aim of the DIFIS project

The scope of the DIFIS project is the study, degigoluding costing, planning, deployment proceduetc.) and
validation of an EU reference method for the prorapt cost-effective intervention and remediationtasfker
wrecks dealing with eventual leaks and recuperatifofuel trapped in their tanks even at consideratdpths. The
proposed method is of general applicability as laaghe trapped pollutant does not dissolve and lswer density
than sea water.

3.2 The system concept

The proposed solution, shown schematically in Fegirrelies on gravitational forces to channelfte of leaking
fuel towards the surface. However, instead of chhng the flux directly to the surface, where trecavery
operation would be greatly affected by adverse aratonditions, the flux of fuel-water mix is chahed to a
buffer reservoir/separator some 30-50 m below dzessirface. In that way:

Recovery operations can be performed when the weatirmits it (depending on the buffer reservopazity)
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and

The whole structure is not affected by rough weaimportant dynamic loading due to waves).

Fig. 2: DIFIS system schematic layout

The system consists of a light, quickly deploydt#gible structure that should stay in place ualilthe tanks of the
wreck are emptied and the pollution threat is efai@d. The buffer reservoir, into which the spiklfis channeled,

is provided with standard equipment, so that shutdssels, weather permitting, can recuperate ubkerépidly,
using standard off-shore loading equipment andgatoces.

Fig. 3: DIFIS system visualization

The leaking fuel is collected by a kind of invertiohnel, consisting of fabric dome solidly anchomdund and
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covering completely the wreck. The collected figethannelled, along with sea water, through a Iflegible riser
tube (typical diameter: 1,5 — 2 meters) into a sddaverted funnel close (30-50 m) to the sea serfahis second
inverted funnel acts like separator and buffermesie (B). It is made of steel, like a bell, haviagcapacity of several
hundred tons (typically 1.000 t or more). Fuel ques the upper part of the bell while heavier setewis forced
out from the open bottom. The buffer bell, togethéth the necessary unloading equipment (standéfrdhore
technology), has the function of a terminal buoywhjch keeps the whole riser line in tension anovjates for a
rapid periodical unloading to a shuttle tanker.

The final outcome from the DIFIS project will bereference method for the containment and recuperaif
hydrocarbons or other fluid pollutants lighter thaater from ship wrecks, validated from scale maslgderiments
and extensive simulation studies. Design and depdoy procedures will be tailored according two mefee
scenarios, so as to permit, in case of a futuratimar disaster within a set of parameters coverirgst oil tanker
deep-sea disasters to date, the prompt issue eridert for the implementation of the specific DIRifiervention
system.

3.3 Main DIFIS components / subsystems

The DIFIS system, as outlined in Figure 4, congiftx (6) distinct major subsystems:
The Buffer Bell

The Riser tube stiffening lines

The Riser Tube

The Dome Housing Unit

The Dome

The Anchoring System

o gk wnNE

Fig. 4: DIFIS subsystems, [Cybernetix]

3.4 Buffer Bell (BB)

The Buffer Bell (BB), indicatively shown in Figue plays the role of collecting the pollutant tréwe through the
riser tube from the wreck.
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Fig. 5: Buffer Bell (BB)

Important parameters, concerning the BB, which agsepalso Functional Specifications, are the folluyy

Operational depth: Adequate to “protect” the buffer bell from suraeveather conditions (minimum 30 m,
maximum depending on offloading interface configior).

Survival Depth: Initial design considerations have shown a saivilepth of 125 m to be acceptable.

Horizontal deflection: A maximum of 10% of total DIFIS system length, yiced that the flow is not inhibited by
the angle.

Capacity: Increase of capacity reduces logistics and tramspmsts, hence higher capacity must be feasible. A
capacity of 6.250 fiseems technically reasonable.

Buoyancy: Is considered having a starting value of 1.0@ubyancy must ensure adequate mooring lines aad ris
tube pretension, in order to avoid riser tube csEssion reduction or excessive deformati@ntical to its central
axis.

Dimensions A maximum total length of 42 m must be the uppait (maximum length of on-deck transport). This
limit can be overcome if the buffer is transfermada barge.

Shape A hydrodynamic shape vertical to the central afithe DIFIS system will help reduce the crossisecand
drag forces occurring for the water flow around biéfer bell (low drag coefficient).

Ballast: Since the BB must operate under different coadgtiand carrying different contents, a ballastesysiust
be considered actively adjusting to different ofierel conditions.

Electronics: The electronics contained within the BB must idelu
A transponder revealing its position
Digital Acquisition and Storage system for storafgmonitoring system data

An interface either to the shuttle tanker or a graitter, transmitting data from the monitoring systto an
administrative operator.

A level sensor for the oil recuperated. If transitn to a central DIFIS station is selected, taisel sensor will
allow for the planning of shuttle tanker trips odi& basis. If no transmission of level sensor dsitdecided,
then the level sensor will allow for actual flowtea calculation.

A power source adequate to either :
o Continuously transmit data revealing the mooringdi condition
o Plainly support the electronics

Material: If weight and corrosion do not prove critical, edteeems a viable solution. But if those two fastare
significant, GFRP composites are the most viabletiem.

Stability: The BB must be designed in such a way that at ¢t pf maximum horizontal deflection, no sloshing
will occur.

3.5 Riser Tube stiffening lines

The riser tube stiffening lines are used duringlagpent to lower DIFIS components and additionalhdertake
part of the loads caused by Buffer Bell buoyanay harizontal movement. In order to avoid torsidoalding of the
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DIFIS system, their number is even. Depending an dékistence or not of a BB mooring system, the riae
required strength, and number of riser tube stiffgtines will vary.

3.6 Riser Tube (RT)

The Riser Tube (RT) plays the role of conducting plollutant towards the Buffer Bell, through gratibnal forces,
as shown in Figure 6.

Fig. 6: Riser Tube, Buffer Bell and Shuttle tanker
The geometry and material of the RT must ensurethigapossibility of clogs is minimal. This can aehieved by
minimizing friction/adhesion of the pollutant oretRT walls. The factors that influence this are:
Low surface roughness and material adhesion to oil
A wide separation layer between the rising pollutard the RT walls, assuring core annular flow
RT deformed shape

Low surface roughness and material adhesion cachieved by either the existence ofalnrepellent liner or by
coating the tubewith specialized oil-repellent and flow amelioaticoatings.

The need for a wide separation layer is satisfieddsuming a large diameter for the riser tube.

Although core - annular flow maybe unachievableadtow pattern is highly desirable, since littlécfion exists
between the two phases and rising velocity is ezd.

The deformed shape of the riser tube plays a fetein what concerns flow velocity. High deformatsocan cause
oil sticking on the RT walls, loss of verticalitpé thus increase of clogs possibility.

The diameter of the riser tube is sufficiently krgn order to allow for achieving similar to coaenular flow
conditions. Furthermore, a large pipe diameter thes advantage of increased bending stiffness, iaddlty
reducing deformation of the RT and thus minimizihg possibility of clogs.

The material of the riser tube must ensure registam creep that will occur during interventiondashould provide
enough strength and stiffness (both axial anddaed) to withstand environmental and operationati

3.7 Dome Housing Unit (DHU)

The Dome Housing Unit (DHU) serves mainly for thepbbyment of the Dome, and after the deployment as:
1. A docking station for the riser tubes

2. A major structural reinforcement for the dome’s eppart

3. An emergency docking station for filling bags sashthe ones used on the Prestige wreck

The Dome Housing Unit design allows for the coniwectof different Riser Tube diameters via speceadiz
interfaces, as shown indicatively in Figure 7.
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Fig. 7: Dome Housing Unit — DHU, [Cybernetix]

The docking station for the RTs must allow for cection with the biggest diameter RT considered rduthe
design phases of the project. Furthermore, the Dilldt be of sufficient strength for supporting thg Riffening
lines, partly undertaking the buoyancy forces ef Buffer Bell and the Dome’s mooring system. Finadl means of
reducing stresses occurring due to the bendinpeofiser tube is installed in the docking statietween the Dome
Housing Unit and the Riser Tube.

3.8 Dome

The Dome is used for the “sealing” of the wreck &éimel collection of pollutant escaping from leakihei induced
during the accident or intentionally created duiimgrvention. Thus:

1. The Dome must be able to withstand the environnhéoads

2. The size of the Dome is sufficient in order to aoelf of a ULCC tanker

3. The Dome’s configuration should allow a ROV to pasder the dome and perform any operations required
4,

Although no independent system for monitoring tlreictural integrity of the Dome is implemented, ioak
inspections scheduled during every quarter of serlife of the DIFIS setup or in case of a risipglsear the
wreck site, should be conducted by ROVs
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Fig. 8: DIFIS scale model at the MARIN’s basin tesfacility, [Marin]

3.9 Anchoring System

The anchoring system plays the role of retainirggDhFIS system immobilized within the limits set byrrent off-
shore practices.

The anchoring system mainly consists of:
The mooring lines
The anchors

Within the anchoring system, the mooring lines thee elements transferring forces to the anchorgsetole is to
resist these environmental/operational forces apidatiow the DIFIS structure to deviate excessivilym its
equilibrium position.
Some important parameters for the selection o&tiehoring method are:

Resistance to the environmental / operational la@adise accident area

Fatigue life equal or larger to the service lifethd whole structure

A monitoring system
4. Operational Requirements

4.1 Methodology

In order to define the operational requirements for the DIFIS system, an extensive review of available
literature and other resources was performed. Specifically:

1. An overview of the past maritime accidents involyihydrocarbon pollution hazards analyzed as tor thei

location, causes and consequences, seeking tafyddm@ most likely locations and type / patternméritime
accidents during the next few decades.

2. An outlook to the parameters that are expectedatee the major impact on the DIFIS design, including
environmental factors (such as location, underwated surface conditions) cargo type, properties and

inventories, vessel size and type.
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3. An outlook to the economical and ecological conseges of maritime accidents involving oil spilleetaim
was a first insight as to the cost envelope forlBIF

4. A closer look at the ecological impact of 5 specifinker disasters.

5. An outlook to the legislation and regulation apglafter a severe maritime pollution accident.
6. A closer look at 5 specific tanker disasters fraw liability and remediation point of view

The conclusions of all this work can be summariaedollows:

The projections elaborated from the analysis ot pasidents, taking into consideration the projéateutes and
cargo, the type and condition of the vessels akagahe impact and remediation cost of such aotildully justify
the need for a system such as DIRA&h basic principles and functionalities to banfiomed.

4.2 Reference scenarios

Considerations on:
Effects of the various environmental parametersirfimebathymetry and sea current profiles) on thd-ISI
design
Existing and projected tanker routes, vessel traffid cargo properties and inventories
Environmental impact of past accidents
Intervention and remediation cost
led to the adoption of two separate envelope sa@nésee Tables 1 and 2, below):

1. A deep watereference scenario based on the environmentalittmmzlof the PRESTIGE accident: wreck lying
at 4.000 m deep, slightly inclined seabed, low terafure, no sea current at sea-bed; strong cumeatsthe
surface and adverse sea conditions

2. A shallow watereference scenario based on the fact that a D3i#&m would be feasible in terms of design
from around 400m, with the following environmentahditions

The “PRESTIGE grade” heavy fuel a8 the reference cargo in both scenarios. Moreaneorder to accurately
define a range of oils, heaviest and lightest ca$ed cargo are included, to allow for a defioiti of multiple cargo
scenarios.

In both scenarios, the wreck of half of a standidble hull ULCCwas opted as the reference target.

In the case of an accident, the DIFIS system shbaldieployable as soon as reasonably achievBigloyment
time and simplicity of deployment operations is ofi¢he key design criteria.

Analysis of past intervention costs and impactsnfiail spills indicate a margin as to the total cosDIFIS of the
order of several million €or a relatively “easy” accident till several tefpossibly > 100) million € for a “difficult”,
PRESTIGE like, accident.

Table 1: Deep water reference scenario

Depth 4 km
Sea Bottom Temperature ‘@
Significant Wave Height 11m
Significant Mean Wave Period 9s
Depth | Current velocity
Om 2,5 knots
100 m 2,5 knots
200 m 1,5 knots
800 m 1,0 knots
Bottom (4 km) 0,0 knots
Table 2:  Shallow water reference scenario
Depth 400 m
Sea Bottom Temperature ‘@
Significant Wave Height 9,5m
Significant Mean Wave Period 6,6 s~88s
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Height above seabed | Current velocity

400 m 3,2 knots

300 m 3,2 knots

200 m 3,2 knots

100 m 2,9 knots

60 m 2,7 knots

20m 2,3 knots

4m 1,8 knots

5. The DIFIS Life Cycle

The life cycle of the DIFIS system is presentedesaditically in Figure 8. Each of these four phasefurther
analyzed in the following sections.

Phase 1
Readiness
Phase 2 Phase 4
Deployment Post
intervention
Phase 3

Intervention

Fig. 8: The DIFIS system Life Cycle

5.1 Readiness

Phase #1lincludes all the activities that regard DIFIS prio an eventual accident (or manifestation of ednfor a
specific DIFIS intervention). It includes all thectwities related to the readiness for interventidme prime
requirement during this phase is preparedtegstervene, within the DIFIS operational envedpm:

A time as short as possible, while
Tying-down the less capital and human resourcgmssible

Activities like design, costing, deployment and den procedures, eventual pre-fabrication and seoraf
components, integration of the system in emerggtays and contingency procedures and training @p#rsonnel
are included here.

5.2 Deployment

Phase #2relates to all the pre-intervention activitieseaftan accident has taken place (or a specific DIFIS
intervention need has been manifested). It covedine span immediately after the accident td beginning of
pollutant recuperation phase.

Six broad classes of deployment operations cangb@glished:
1. Planning and managing the whole project of theifipdalFIS intervention

2. On-site survey of the wreck (position, state, lems, the sea-bottom and the other local envirotahen
conditions (sea current profiles, waves, water tenafure profile etc.)

3. Engineering and implementing the case specificasp# the DIFIS intervention

4. On-site surface deployment operations: vesselipasig, deployment, assembly of submerged platf(BiP),
ROV installation

5. On-site underwater deployment operations: anchpdegloyment, positioning, assembly riser tuberrisibe
stiffening lines, dome unfolding, buffer bell ink&ion
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6. Eventual support operations: first operational téshe system
It is highly probable (but not necessary) thatdhme contractor undertakes more than one operation.

5.3 Intervention
Phase #3covers the period after the deployment of theesystwhere the wreck is covered and all the trapped
pollutants are channeled to the Buffer Bell.

The most important operation during this phaséésgeriodic recuperation of the pollutant from Bi&, most likely
by means of a small, suitably equipped shuttleg¢ank

Another important class of operations performedinduithe intervention phase has to do with the nuoimy
activities (of the structure and wreck) and, eveltyy maintenance of the DIFIS structure.

5.4 Post-intervention

Phase #4covers the period after the end of the operatibasp, when the pollution threat can be considered
eliminated. It deals mainly with the recuperatidrihee system, the evaluation of the interventionvali as eventual
feedback, changes and upgrading of the system @nprbcedures.

Processing of recuperated pollutant is also a tiaakneeds to be performed in this phase, but rsmautside the
scope of the DIFIS project. Processing of pollutsihts most probable to take place on shore amgsbmething that
is case specific, depending on each oil physicaperties, oil/sea-water percentage mix and evaiporaif oil
components.

6. The DIFIS actors

The prime users of the DIFIS system are salvagepeoiss. It is expected that, private salvage opesatould use
public funding to finance the ‘readiness’ phaseheaf life-cycle, the rest of the finances comingtiyh tenders for
the specific intervention (either public or privdibeds according to the specific case).

However, for the definition of the DIFIS user reguments the actors considered included all phygieasons,
companies or organizations that are related, dyrectindirectly, to the DIFIS operations. BasigalB main classes
of DIFIS actors were distinguished:

The DIFIS operators: the actors that take parh@@IFIS operations during one or more phases@®DiiIS
lifecycle; the DIFIS operators can be broken down3ifurther categories: the administrative (inatsign,
planning etc.), the deployment (in-situ, surfacer@erwater) and the support (everything else) dpesa

The regulators: the actors that take have to db tie regulatory framework within which DIFIS mus
developed, deployed and operated

The general public: the final beneficiaries frora DIFIS system
The main classes of actors involved during the BIife cycle are presented in Table 3 below:

Table 3: Main DIFIS classes of actors

Symbol Title Phase Description

International, EU or national authorities / bodjies.

Regqulatory authorities &
negl y 1,4 IMO, EC, EMSA etc); Decision makers on if and wio

A.REG L
decision makers will intervene.

DIFIS office/Ltd, overall readiness & operational

A.ADM Administrative operator all responsibility

All persons / companies involved with the DIFIS in-|
A.DPL Deployment operator 2 | 4w deployment.

Site survey, fabrication & maintenance, monitorég
A.SUP Support operator all diagnostics etc

All actors that are involved in the incident wittet
A.OWN Owner all

role of ownership: the wreck owner, cargo owner

The general public: it includes governmental ang-n
A.PUB PuHic 4 governmental organizations, associations, local
authorities etc
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7. Cost considerations

Analysis of past intervention costs and impactsnful spills indicate a margin as to the t8tabst of DIFIS of the
order of several million € for a relatively “easgtcident till several tens (possibly > 100) millirfor a difficult,
PRESTIGE like, accident. A rough upper limit is ttast per ton retrieved (around 11k€/ton for thesBge case). It
should be noted that payable compensation by Famy€htions approach an amount of about three hdndiiion
US dollars ($300 million).

These initial, rough estimations derive from thatdatervention after past accidents as well asheneconomical
consequences and the magnitude of the compengatids predicted for such accidents.

A more difficult question to be tackled during ttaurse of the project is how this cost is financ®aciety, in steady
state conditions, is not willing to spend a lot fom “just-in-case” equipment. After severe accidemiressure is
exercised to authorities (local, national or EUYyédact rapidly without sparing on expenses or ressu However,
post — accidental interventiodsne under the pressure of the public opinion ardeuthe scrutiny of the press are,
usually, late and not afptimum efficiency. Ideally, all parts of DIFIS thare not strictly accident specific should be
either fabricated or designed and ready to be gedlamplying a considerable portion of preparegr{@sst-in-case)
expenses.

8. The DIFIS Consortium

Organization Short name

Maritime Research

Institute MARIN NL
Netherlands

SENER Ingenieria 'y

Sistemas S.A. SENER SP
Institute  Francais

(lje Rec_her_che pour IFREMER F
I' Exploitation de la

Mer

Commlssarlat_ a | CEA F
Energie Atomique

Cybernetix S.A. CYBERNETIX F
Sirehna SIREHNA F
Indl_JstrlaI Systems S| GR
Institute

Consultrans S.A. gONSULTRAN SP
European

Commission  Joint | JRC ® EC
Research Centre

Inclusive of fabrication, deployment, operation @ugport activities
Dr. Fivos Andritsos from JRC has had the original IBlilea. He is advisor to the project.
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9. Conclusions

The DIFIS system promises some significant advasaxyer the current state of the art in what regéivd prompt
intervention on ship-wrecks to prevent marine pgaluand eliminate the pollution threat:

It is very simple: once installed it does not reguany valves or other specialised equipment; sti@moving
parts and requires no external power; any suchatipes take place near the surface only at theadlig
phase.

Its installation poses no risk for the structuralbdity or the wreck; it can be implemented in pbs allowing,
with the same system / procedure, both the promptainment of the leaks and the subsequent renudvake
remaining hydrocarbons.

Unloading operations are done near the surfacaigfrstandard industrial equipment.

The riser tube configuration can be implementedufh a modular design, adding operational flexipitind
lowering the cost.

It is entirely passive: the flow of oil is gravigriven; if necessary, it can be enhanced by otheans (i.e.
through a heat source or by injecting chemicateatop of the dome).

Once in place, it does not require regular deeppeaations or monitoring.

The presence of a submerged terminal buoy andhadaigacity buffer reservoir make the operationsréoit to
the rough surface weather conditions.

DIFIS can be optimised (anchoring parameters, e shuttle bell dimensions, riser tube / wire i@miag,
depth of the terminal buoy, eventual intermediateys etc.

The concept is highly configurable and can acconateéurther improvements.

It can be deployed in a modular way; the dome cbeldeployed over the wreck early after the actideras to
contain the leaking fuel while the rest of the talpel the buffer tank can be deployed at a secau st

However simple the concept might be its realisafiyasents important technological challenges. Tiggdst
challenge is the realisation and deployment of ltmg and wide riser tube, having to operate in @k of
important, unpredictable currents sometimes indiggihanging patterns. Nevertheless, the firstibetaalculations
and scale mock-up experiments gave very positidee@ations on its technical feasibility and confimne a large
extent the initial pre-design.
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AEGEAN SEA in 1992 etc. In December 1999, the
Abstract sinking of the tanker ERIKA caused a major pollatio
of the coasts of Brittany and triggered several suezs
A method for the prompt and cost-effective intetieen aiming at the prevention of similar maritime
and remediation of tanker wrecks dealing with evaht catastrophes.
leaks and recovering the fuel trapped in their ®nk
even at considerable depths, is described. Theadeth
of general applicability as long as the trapped|ptznt

While a number of systems have been developed and
deployed for containing, treating or eliminatingeth
A ) : floating oil spills, with regards to the containnhen the
does not dissolve and is of lower density thanve®r.  g|imination of the pollution threat right at then&en
It relies on gravity to channel the flow of spilief  \ock no proposal has ever gone further than the
towards the surface. Instead of channeling the flow.gnceptual state. The last two actual interventions
directly to the su_rface, the fuel-water mix is diesl to ship wrecks (ERIKA and PRESTIGE) were planned and
a buffer reservoir/separator some 30-50 m below th¢nniemented under the pressure of the environmental
sea s_urfacg S0 as not to be affgcted by rough weath emergency. They applied only to the specific coodit
This is achieved by means of a light, quickly deglite oy 5t |east in the case of PRESTIGE, managed to
erxl|(bIe fst;]ucture Lhat should s(;ay '(;‘ [:r)]lace Illm'h" theh collect only a small fractidrof the original fuel load.
tanks of the wreck are emptied and the pollutioea . . o
eliminated. The buffer reservoir, into which thdtdpel zensk'gﬁss ;23 tgtrﬁ:: fgztsgrsrthrzr régg’gémfg ?rgnekmn?arine
is channelled, is provided with standard equipmenf _ rep _
through which shuttle vessels, weather permitticap environment there already exist many wrecks lying 0
recover the fuel rapidly, using standard off-shorethe sea bed all over th.e world, many of them havmg
equipment and procedures. smaller or larger quantities of hydrocarbons trappe
their tanks (cargo and/or fuel). Each one of theseks
constitutes, according to the trapped hydro-carbthres
structural stability of the wreck and the enviromtad
Keywords conditions, a more or less serious threat for the
environment at a shorter or longer term.

In the aftermath of the PRESTIGE disaster, a novel
concept for direct intervention at the ship wreclsw

Ship-wreck; oil-spill; deep-sea intervention; pdilun
prevention

1. Introduction

® Less than 15% of the original fuel load has been

Unfortunately, maritime disasters leading to major recuperated; 25% leaked before sinking while 60%k&en

environmental pollution happen almost regularlyrgve g 5uy dispersed in the ocean during the 22 moitttek
2-3 years: AMOCO-CADIZ in 1978, TANIO in 1980, to plan and implement the intervention
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conceived at JRC The detailed study and laboratory wreck.
validation of that concept is the objective of DEIS®

project, partly financed by the European Commission
under the Post-PRESTIGE package of the FP6-SST
scheme.

2. State-of-the-art

On November 1% 2002, the tanker PRESTIGE loaded
with 77.000 t of heavy fuel oil (typically used lagnker
fuel) developed a ZSstarboard list while in heavy seas
and high winds in the region of Cape Finisterre, 28
nautical miles off the coast of Galicia in northives
Spain. The vessel, after leaking some 3.000 t ef, fu
was ordered to sail away from shore. On NovemBer 1Fig. 1. “Shuttle bag” method foreseen for the PRESTIE
due to the severe structural overloading, it brakart intervention, [Repsol YPF, Proyecto Prestige]
and, after having further leaked some 10.000 tk 433 . .
miles off Cape Finisterre. At the beginning of Dexxer The_Itallan company SONS.UB was assigned to study
2002, the PRESTIGE wreck was leaking as much a@nd implement the intervention.
125 t of oil per day. By May 2003 the shuttle bag concept was finalized a
on October 2003, almost a full year after the asxid

e first 100 t of oil were recovered. Followingstfirst

ilot operation, the concept was modified and 350 m
capacity Aluminium shuttle tanks were used instefd

The ship wreck lay in two pieces, at 3.820 and 3.64
depth, approximately 3,5 km apart. Some 20 leakin
points were identified by the NAUTILE, the
submersible of the French Institute IFREMER thas wa o
commissioned by the Spanish government to interventcg‘e initially foreseen bags.

on the wreck. Some of these leaks were stoppedj]é)y tThe operations were Completed in October 2004 with
NAUTILE, albeit in a provisory manner. By mid the recovery of about 13.400 t of oil. SIurry righ
January 2003, the leakage was reduced to 60-80yt damicrobiologic agents was pumped in the hold to dpee

and, during the successive months, the leakage wa® the breakdown of any remaining oil. The total
further reduced to few tons daily. estimated cost of the operations was well over 100

By mid February 2003 the estimated quantity of fueImIIIIOn €.

remnant on the wreck was estimated at 37.500 t. ThEhe PRESTIGE intervention revealed the lack of
Spanish commission of experts presented its figdrt ~ Preparation for handling similar catastrophes. [iesp
on the remediation of the situation, proposing twothe efforts of REPSOL, SONSUB and the rest of the
alternative solutions: contractors, despite the challenges faced, at tite e
almost 80% of the PRESTIGE heavy fuel oil cargo was
) ) = dispersed in the ocean. The prime reason for ghte

4. Confinement into a rigid sarcophagus lack of reference methods and procedures for a prom
The Spanish government entrusted REPSOL YPF witntervention. This is exactly the aim of the DIFIS
the task of recovering the fuel from the PRESTIGEproject.

wreck. After detailed studies, REPSOL reconsidehed

above mentioned recommendations and proposed two

alternative solutions for extracting the remainiogl:

the “Shuttle Bag” and the “Confining Marquee” 3. The DIFIS concept

methods.

The Shuttle Bag method was retained. It consisted o3-1 Aim of the DIFIS project

opening large holes (& 80-90 cm) at each of thkstan The scope of the DIFIS project is the study, design
installing valves and bringing the fuel to_surf_an:e (including costing, planning, deployment procedures
batches of 1.000 t through the use of special sk et ) and validation of an EU reference methodther
“shuttle bags” as shown in Fig. 1 below. For anprompt and cost-effective intervention and reméaiat
estimated quantity of remaining fuel of about 38.00 of tanker wrecks dealing with eventual leaks and
35 such shuttle trips would be necessary, with th@ecuperation of fuel trapped in their tanks even at
constant presence of ROV and mother ships above thgnsiderable depths. The proposed method is ofrgene
applicability as long as the trapped pollutant does
dissolve and is of lower density than sea water.

3. Conventional pumping.

7 Joint Research Centre of the European Commission
& Double Inverted Funnel for Intervention on Ship-ole
Project FP6-516360
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3.2 The system concept

The proposed solution, shown schematically in Fgur
2, relies on gravitational forces to channel thenflof
leaking fuel towards the surface. However, instead
channelling the flow directly to the surface, whéhne
recovery operation would be greatly affected byemse
weather conditions, the flow of fuel-water mix is
channelled to a buffer reservoir/separator som&®Ba
below the sea surface. In that way:

Recovery operations can be performed when the
weather permits (depending on the buffer reservoir
capacity) and,

The whole structure is not affected by rough
weather (high dynamic loading due to waves).

Fig. 3: DIFIS system visualization

The leaking fuel is collected by a kind of inverted
funnel, consisting of a fabric dome solidly anclibre
around the wreck and covering all or the majorityt.o
The collected fuel is channelled, along with sedewa
through a long, flexible riser tube (typical diametl,5

— 2 meters) into a second inverted funnel clog8®50

m below) the sea surface. This second invertedefunn
acts like separator and buffer reservoir (B). inade of
steel, like a bell, having a capacity of severahdred
tons (typically 1.000 t or more). Fuel occupies tipper
part of the bell while heavier sea water is foraed
from the open bottom. The buffer bell, togetherhvitie
necessary unloading equipment (standard off-shore
technology), has the function of a terminal buoy T,
which keeps the whole riser line in tension andvedl
rapid periodical unloading to a shuttle tanker.

The final outcome from the DIFIS project will be a
reference method for the containment and recovéry o
hydrocarbons or other fluid pollutants lighter thaater
from ship wrecks, validated by scale model expenimie
and extensive simulation studies. Design and
deployment procedures will be tailored according to
reference scenarios, so as to permit, in the case o
future maritime disaster within a set of parameters
covering most oil tanker deep-sea disasters to, date
prompt issue of a tender for the implementatiorihaf
specific DIFIS intervention system.

Fig. 2. DIFIS system schematic layout 3.3 Main DIFIS components / subsystems

The system consists of a flexible structure, astland The DIFIS system, as outlined in Figure 4, consiéts
quickly deployable as possible, according to thptlle six (6) distinct major subsystems:

envisaged, that should stay in place until alltdréks of 7. The Buffer Bell

th_e .wreck are emptied and _thg poIIuti.on thrgat [ The Riser Tube with

eliminated. The buffer reservoir, into which theiltsp L

fuel is channelled, is provided with standard emépt, Stiffening lines

so that shuttle vessels, weather permitting, caover ~ 10. The Dome Interface

the fuel rapidly, using standard off-shore equiptre@®  11. The Dome

procedures. 12. The Anchoring System
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A transponder revealing its position

Digital Acquisition and Storage system for storing
of monitoring system data

An interface either to the shuttle tanker or a
transmitter, transmitting data from the monitoring
system to an administrative operator.

A level sensor for the oil recovered. If transnossi

to a central DIFIS station is selected, this level
sensor will allow for the planning of shuttle tanke
trips on a JiT basis. If no transmission of level
sensor data is decided, then the level sensor will
allow for actual flow rate calculation.

A power source adequate to either :

o Continuously transmit data revealing the
mooring lines condition
o0 Plainly support the electronics
Stability: The BB must be designed in such a way that

at the point of maximum horizontal deflection, no
sloshing will occur.

Fig. 4: DIFIS subsystems, [Cybernetix]

3.4 Buffer Bell (BB)

The Buffer Bell (BB) collects the pollutant tralmet _
through the riser tube from the wreck. 3.5 Riser Tube (RT)

Important parameters, concerning the BB, whichThe Riser Tube Column (RT) plays the role of
comprise also Functional Specifications, are theonducting the pollutant towards the Buffer Bell,
following: through gravitational forces, as shown in Figure 5.

Operational depth: Adequate to “protect” the buffer
bell from surface weather conditions (minimum 30 m,
maximum depending on offloading interface
configuration).

Survival Depth: Initial design considerations have
shown a survival depth of 125 m to be acceptable.

Horizontal deflection: A maximum of 10% of total
DIFIS system length, provided that the flow is not
inhibited by the angle.

Capacity: Increase of capacity reduces logistics and
transport costs, hence capacity must be as high as
possible. A capacity of 6.250 *mseems technically
reasonable.

Buoyancy: Is considered from a starting value of 1.000
t. Buoyancy must ensure adequate mooring lines and Fig. 5: Riser Tube, Buffer Bell and Shuttle tanker
riser tube pretension, in order to avoid riser tobass

section reduction or excessive vertical deformation The geometry and material of the RT must ensure tha

_ _ _ the possibility of clogs is minimal. This can béieved
Dimensions A maximum total length of 42 m must be py minimizing friction/adhesion of the pollutant e

the upper limit (maximum length of on-deck trandpor RT walls. The factors that influence this are:
This limit can be overcome if the buffer is trandpd

on a barge.

Shape A hydrodynamic shape vertical to the central’
axis of the DIFIS system will help reduce the cross
section and drag forces due to the water flow addbe

buffer bell (low drag coefficient). - RT deformed shape

Ballast: Since the BB must operate under differentlow surface roughness and material adhesion can be
conditions and with different contents, a ballasgttsm  achieved by either the existence ofdadrepellent liner
must be considered which actively adjusts to diifer or by coating the tube with specialized oil-repellent

Low surface roughness and material adhesion to oil

A wide separation layer between the rising
pollutant and the RT walls, assuring core annular
flow

operational conditions. and flow improvement coatings
Electronics: The electronics contained within the BB The need for a wide separation layer is satisfigd b
must include: assuming a large diameter for the riser tube.
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Although core - annular flow may be unachievabgaa environmental loads

flow pattern it is highly desirable, since littleiction g5 The size of the Dome must be sufficient in order to
gxists between the two phases and rising velosity i  cgyer as biggest part as possible of a tankerkyrec
increased. For the first design, half of a ULCC tanker was the
The deformed shape of the riser tube also playseaim first objective.

flow velocity. High deformations can cause oil kit 7 The Dome’s configuration should allow a ROV to
on the RT walls, loss of verticality and thus irase the pass under the dome and perform any operations
possibility of clogs. required

The diameter of the riser tube must be sufficietefge, g Although no independent system for monitoring the
in order to achieve conditions similar to core danu structural integrity of the Dome is implemented,

flow. Furthermore, a large pipe diameter has the gpical inspections scheduled during every quarter
advantage of increased bending stiffness, additiona of service life of the DIFIS setup or in case of a

reducing deformation of the RT and thus minimizing rising spill near the wreck site, should be conddct
possibility of clogging. by ROVs

The material of the riser tube must ensure resistan

creep that will occur during intervention, and shklou

provide enough strength and stiffness (both axi@ a 3.9 Anchoring System

torsional) to withstand environmental and operation .

loads. Riser tube stiffening lines will be used toThe anchorlng _sSystem .keeps the DIFIS system
undertake part of the loads caused by Buffer Be"mmo_b|l|zed within the limits set by current offie
buoyancy and horizontal movement. In order to avoidractices.

torsional loading of the DIFIS system, their numidt

depend on the existence or not of a BB mooringesyst The anchoring system mainly consists of:

The mooring lines

. . - The anchors
The Dome Interface is a mechanical component placed . ] ) )
at the top of the dome. Within the anchoring system, the mooring lines the

Th i functionalii f the DI ] elements transferring forces to the anchors, ttoddr is
€ main functionafities of the Ll are as. to resist these environmental/operational forces raot
Docking station for the riser tube allow the DIFIS structure to deviate excessivebnirits

The major structural reinforcement for the €Quilibrium position.
upper part of the dome and the attachmenBome important parameters for the selection of the

3.6 Dome Interfacet (DI)

system of this upper part of the dome anchoring method are:

Vertical load transfer from the Riser Tube:@  Resistance to the environmental / operational loads
Stiffing lines to the dome and then to the  inthe accident area

anchor lines. - Weight as low as possible (synthetic mooring lines)

As an option, an emergency docking station for-  Fatigue life equal to or larger than the servide li
drilling bags such as the ones used on the of the whole structure
Prestige wreck

The DI will accompany the total life cycle of therde,
as the latter will be permanently hooked onto itlein 4 QOperational Requirements
operation.

The weight in the water of the DI and the dome #hou
be neutral or of permanent positive buoyancy.

DI is instrumented with electronic measuring desice In order to define the operational requirements
that transmit data on a real time basis in ordeottrol ~ for the DIFIS system, an extensive review of

its descent speed and overall behaviour, this ditiad available literature and other resources was
to the constant presence of an ObsROV to monitr thperformed. Specifically:

whole operation.

A monitoring system

4.1 Methodology

7. An overview of the past maritime accidents
3.7 Dome involving hydrocarbon pollution hazards analyzed
as to their location, causes and consequences,
seeking to identify the most likely locations and
type / pattern of maritime accidents during thetnex
few decades.

A study of the parameters that are expected to have
a major impact on the DIFIS design, including

The Dome is used for the “sealing” of the wreck #mel
collection of pollutant escaping from leaks either
induced during the accident or intentionally create
during intervention. Thus:

5. The Dome must be able to withstand the8'
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environmental factors (such as location, underwatefnalysis of past intervention costs and impactsifiail
and surface conditions) cargo type, properties andpills indicate a margin as to the total cost oFI3SI of
inventories, vessel size and type. the order of_several million €or a relatively “easy”

consequences of maritime accidents involving oil difficult”, PRESTIGE like, accident.

spills; the aim was to provide a first indicatioh o
the cost envelope for DIFIS.

10. A closer look at the ecological impact of 5 specifi

tanker disasters.

11. A study of the legislation and regulations appligdSignificant Wave Height

after a severe maritime pollution accident.

12. A closer look at 5 specific tanker disasters frdm t

liability and remediation point of view

The conclusions of all this work can be summariasd
follows:

The projections elaborated from the analysis oft pas

accidents, taking into consideration the projectades

and cargo, the type and condition of the vesselsedls

Table 1: Deep water reference scenario
Depth 4 km
Sea Bottom Temperature ‘@
11m
Significant Mean Wave Period 9s
Depth | Current velocity
Om 2,5 knots
100 m 2,5 knots
200 m 1,5 knots
800 m 1,0 knots
Bottom (4 km) 0,0 knots

as the impact and remediation cost of such acdden
fully justify the need for a system such as DIFIgth

—

basic principles and functionalities to be confidme

4.2 Reference scenarios

Considerations on:

Effects of the various environmental parametersSignificant Mean Wave Period

(mainly bathymetry and sea current profiles) on the

DIFIS design

Existing and projected tanker routes, vessel traffi

and cargo properties and inventories

Environmental impact of past accidents

Intervention and remediation cost

led to the adoption of two separate envelope saEna

(see Tables 1 and 2, below):

Table 2:  Shallow water reference scenario
Depth 400 m
Sea Bottom Temperature ‘@
Significant Wave Height 9,5m

6,6 s~88s

Height above seabed | Current velocity

400 m 3,2 knots
300 m 3,2 knots
200 m 3,2 knots
100 m 2,9 knots
60 m 2,7 knots
20 m 2,3 knots
4m 1,8 knots

3. A deep waterreference scenario based on the
environmental conditions of the PRESTIGE

accident: wreck lying at 4.000 m deep, slightly5
inclined seabed, low temperature, no sea current at

the sea-bed; strong currents near the surface a
adverse sea conditions

4. A shallow waterreference scenario based on th
fact that a DIFIS system would be feasible in term
of design from around 400m, with the
environmental conditions described below

The "PRESTIGE grade” heavy fuel ad the reference
cargo in both scenarios. Moreover, in order to
accurately define a range of oils, heaviest anttdist
cases of oil cargo are included, to allow for ardébn

of multiple cargo scenarios.

In both scenarios, the wreck of half of a standidble
hull ULCC was adopted as the initial reference target.

In the case of an accident, the DIFIS system shbald
deployable _as soon as reasonably achievaBheort
deployment time and simplicity of deployment
operations are key design criteria.

DIFIS Preliminary Design results

rl% a result of the design iterations the Early Desf
the DIFIS system concludes as follows:

®The elements of the DIFIS system presented belew ar
Sdeveloped for the deep water scenario.

A minimal pretension of 1000 Tons is necessary in
order to guarantee structural stability of the eyst
The conceptual design of the elements is based on
that pre-tension.

The conceptual design of the Buffer Bell consists o
a steel sphere @xt: 14 m) and a collecting
cylinder made of geo-textiie (Length 20 m)
reinforced by rigid rings and an adaptor component
made of steel, giving a capacity of 2008 im the
conceptual design, which will be increased to 6000
m? in the definitive design.
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Fig. 6: Buffer Bell

Six Dyneema stiffening lines gxt 98 mm) are
used to transmit the buoyancy from the Buffer Bell
to the dome along the Riser Tube

The Riser Tube is composed of a PE-pipext:
2000 mm; thickness: 77 mm) and 6 stiffening lines
made ofDyneema( ext : 98 mm) and steel rings
every 50 m, as shown in the figure.

Fig. 7: Riser Tube Column and stiffening lines

The dome is composed of a conic cover made of
pre-tensioned membrane, reinforced with 12
Vectran/Dyneeméines ( ext: 60 mm). In order to
fulfil the functional requirements, the early desig
has been carried out with a base diameter of the
conic cover of 210 m. However, the present state of
the art of the technology does not allow
manufacturing, folding and deploying of a dome of
such dimensions. Realistic dimensions have been
limited to a base diameter of the conic cover d 10
m, for a height of 50 m.

A-12

Fig. 8: The Dome with mooring lines

The anchor alternative (VLA anchor, suction
anchor or deadweight anchor) depends largely on
the soil conditions and requirements for instadliati
The preliminary design took into account the
concret deadweight alternative. 12 mooring lines of
Dyneema( ext: 98 mm) are tied to the anchors.
Each anchorage point must be able to resist a
minimal vertical force of 127 Tons and a
transversal force of 123 Tons with a vertical tensi

of 1000 Tons.

The study
optimization.

included Concept verification and

The first task has concerned multi-phase (oil water
mixture) time-domain flow calculations. The
evaluation and simulation permitted to validate the
DIFIS concept from the point of view of internal
flow, both in the Riser Tube and the Dome. The
results of these calculations were used to sefect t
conditions for the actual CFD calculations of the
internal  flow in the DIFIS system.

A first set of hydrodynamic scale model tests was
performed at the MARIN basin to investigate the
overall behaviour of the complete DIFIS system in
environments of combined current, waves and
wind.
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Phase 1: deployment of the mooring
anchorage dead weights

Phase 2: Surface deployment of the
dome and dome housing

Phase 3: Lowering the Riser tubes along
the guidelines

Phase 4: Surface deployment of the
buffer bell.

Phase 5: Connecting buffer bell to
tensionning lines

Phase 6: Ballasting the Buffer bell
Phase 7: Clamping the buffer bell onto
the guidelines

Phase 8: Anchoring the dome using
mooring lines

Phase 9: Tightening of the Mooring lines
Phase 10: Freeing the lifting bags for
anchoring tensioning

Phase 11: Deploying the dome

Phase 12 : End of deployment and
complete survey.

Fig. 9: D|F.|S scale model at the MARIN'’s offshore The project will end mid-2008. The remaining
basin , [MARIN] tasks include the final design and the definitive
deployment procedures, the planning and costing

A new set of hydrodynamic scale model tests will bevaluation.

performed in 2008. Several aspects of the system

operations, such as survival conditions, operationa )
conditions, offloading and deployment will be 6. The DIFIS Life Cycle

considered.
The life cycle of the DIFIS system is presented

schematically in Figure 10. Each of these four phas

At this stage of the study, the system further analyzed in the following sections.
deployment, with the objectives to be safe

and as quick as possible, is the main Phase 1
challenge. Surface vessels needed to Readiness
perform such an operation could represent a
serious drawback in term of cost, as
bulkiness, sizes, and complexity rise as
depth of operation increases.

The basis of the DIFIS preliminary principle Phase 2 Phase 4
is to perform a maximum number of tasks on Deployment
the installation vessel (Side Derrik level) in

order to avoid costly and time consuming

operations at depth by ROV, and the need to

develop costly ROV tools and interfaces. Phase 3
Intervention

intervention

The preliminary principle of deployment . .
underlines 12 phases, which have to be Fig. 10:  The DIFIS system Life Cycle
specified according to the evolution of the

. 6.1 Readiness
design:

Phase #lincludes all the activities that concern DIFIS
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prior to an eventual accident (or manifestatiomafeed 6.4 Post-intervention
for a specific DIFIS intervention). It includes ate
activities related to the readiness for intervamtidohe
prime requirement during this phase_is preparedteess
intervene, within the DIFIS operational envelope, i

Phase #4 covers the period after the end of the
operation phase, when the pollution threat can be
considered eliminated. It deals mainly with the
recuperation of the system, the evaluation of the

A time as short as possible, while intervention as well as eventual feedback, chamges
Tying-down the least capital and human resourcegpgrading of the system and / or procedures.
as possible Processing of recuperated pollutant is also a thak

Activities like design, costing, deployment andden needs to be performed in this phase, but remaitssdeu

procedures, eventual pre-fabrication and storage dhe scope of the DIFIS project. Processing of pafiti

components, integration of the system in emergencgil will most probably take place on shore andsit i

plans and contingency procedures and training ef thsomething that is case specific, depending on physi

personnel are included here. properties of each oil, oil/sea-water percentage and
evaporation of oil components.

6.2 Deployment

Phase #2relates to all the pre-intervention activities /- 1he DIFIS actors
after an accident has taken place (or a specifiel Pl .
intervention need has been manifested). It covees t The prime users of the DIFIS system are salvage

time span immediately after the accident up to th&ompanies. Itis expected that private salvageaipes
beginning of the pollutant recovery phase. would use public funding to finance the ‘readiness’

hase of the life-cycle, the rest of the financesing
%rough tenders for the specific intervention (eith
} ] ] public or private funds according to the specifise).

7. Planning and managing the whole project of thq—|owever, for the definition of the DIFIS user

specific DIFIS intervention . . . .
) - requirements the actors considered include all iphys
8. On-site survey of the wreck (position, state,nersons, companies or organizations that are celate
leakages), the sea-bottom and the other loc&jrectly or indirectly, to the DIFIS operations. Seally,
environmental conditions (sea current profiles,3 main classes of DIFIS actors were distinguished:

wav_es, Water temp_erature pr<_3ﬂ|e etc) _.+ The DIFIS operators: the actors that take parhén t
9. Engineering and implementing the case specific  p)r|g operations during one or more phases of the
aspects of the DIFIS intervention DIFIS lifecycle; the DIFIS operators can be broken
10. On-site surface deployment operations: vessel down into 3 further categories of operator: the
positioning, deployment, assembly of submerged administrative (incl. design, planning etc.), the
platform (SUP), ROV installation deployment (in-situ, surface & underwater) and the

11. On-site  underwater deployment operations: ~ Support (everything else).

anchoring, deployment, positioning, assembly riser  The regulators: the actors concerned with the
tube, riser tube stiffening lines, dome unfolding,  regulatory framework within which DIFIS must be

Six broad classes of deployment operations can
distinguished:

buffer bell installation developed, deployed and operated
12. Eventual support operations: first operational tdst .  The general public: the final beneficiaries frone th
the system DIFIS system
It is highly probable (but not necessary) that $aene  The main classes of actors involved during the BIFI
contractor will undertake more than one operation. life cycle are presented in Table 3 below:

6.3 Intervention

Phase #3covers the period after the deployment of the
system, where the wreck is covered and all thepgdp
pollutants are channelled to the Buffer Bell.

The most important operation during this phasehé t
periodic recovery of the pollutant from the BBhost
likely by means of a small, suitably equipped dbutt
tanker.

Another important class of operations performedradur
the intervention phase has to do with the monitprin
activities (of the structure and wreck) and, evaliyy
maintenance of the DIFIS structure.
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Symbol Title Phase  Description national or EU) to react rapidly without sparingher
, expenses or resources. However, post — accident
International, EU or] . . f d d h f bli
national authorities |  INtérventionsperformed under the pressure of public
Requlatory / bodies (i.e. IMO, opinion and under the scrutiny of the press areallys
A.REG authorities & | 1, 4 | EC, EMSA etc); late and not obptimum efficiency. Ideally, all parts of
decision makers Decision makers onf DIFIS that are not strictly accident specific sltblle
if and who will either fabricated or designed and ready to be gedlo
intervene. implying a considerable portion of preparednesst{ju
. . DIFIS office/Ltd, in-case) expenses.
Administrative overall readiness &
A.ADM operator all operational 9. The DIFIS C ti
responsibility ' e onsorium
Denb All persons /
Deployment companies involved o
A.DPL operator 2 with the DIFIS in- Organization Short name
situ deployment.
Site survey, Maritime Research | MARIN NL
fabrication & Institute Netherlands (Coordinator)
A.SUP C?;el Ir;gr all | maintenance,
monitoring & SENER Ingenieria y
diagnostics etc Sistemas S.A. SENER SP
All actors that are
involved in the Institute Frangais de
incident with the Recherche our I'| IFREMER F
A.OWN Owner all | " > p
role of ownership: Exploitation de la Mer
the wreck owner,
cargo owner Commissariat & I
it includes
governmental and :
A PUB Pubic 4 non-governmental Cybernetix S.A. CYBERNETIX F
organizations, .
associations, local Sirehna SIREHNA F
authorities etc Industrial Svst
— ndustria ystems
Table 3: Main DIFIS classes of actors Institute ISI GR
Consultrans S.A. CONSULTRANS SP
8. Cost considerations = o —
] u.rtipRean o;]n?lsstlon JRC 5 EC
Analysis of past intervention costs and impactsnfiil | ~O'Nt Research Lenter
spills indicate a range for the totajost of DIFIS from
several million € for a relatively “easy” accidemp to
several tens (possibly > 100) of million € for d#fidult,
PRESTIGE like, accident. A rough upper limit is the
cost per ton retrieved (around 11k€/ton for thesfge  10. Conclusions
case). It should be noted that payable compensation
Fund Conventions approach an amount of about thréehe DIFIS system promises some significant

hundred million US dollars ($300 million).

compensation funds predicted for such accidents.
A more difficult question to be tackled during the

course of the project is how this cost is financed.

Society, under normal conditions, is not willingsjeend
a lot on ‘just-in-case” equipment. After severe
accidents, pressure is exercised on authoritiesal(lo

® Dr Fivos Andritsos from JRC has had the original BIFI
idea. He is the advisor to the project

advantages over the current state of the art int wha
These initial, rough estimations derive from thestco fegards the prompt intervention on ship-wrecks to
intervention after past accidents as well as on thBrevent marine pollution and eliminate the pollotio

economical consequences and the magnitude of tiBreat:
The concept is simple: once installed it does not
require any valves or other specialised equipment;

it has no moving parts and requires no external

power; any such operations take place near the

surface only at the unloading phase.

Its installation poses no risk for the structural
stability or the wreck; it can be implemented in
phases allowing, with the same system / procedure,
both the prompt containment of the leaks and the

Project FP6-516360 “DIFIS
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subsequent removal of the remaining hydrocarbondNevertheless, the first detailed calculations andles

Unloading operations are done near the surfacH‘OCk'uF’ experiments gave very positive indications

through standard industrial equipment. its technical feasibility and confirmed to a largetent
. , . . (}he initial pre-design.
The riser tube configuration can be implemente

through a modular design, adding operational
flexibility and lowering the cost.

It is entirely passive: the flow of oil is gravity
driven; if necessary, it can be enhanced by otheReferences
means (i.e. through a heat source or by injecting

chemicals at the top of the dome). Comité Cientifico Asesor Hundimiento del Prestige,
Once in place, it does not require regular deep-sea Informe sobre Neutral|zaC|_(’)n del Pecio, February
operations or monitoring. 2003, http://www.ccaprestige.es/.

. EFE, Fomento asegura que el casco del 'Prestige’

The presence of a submerged terminal buoy and a dara | lad diados d

high capacity buffer reservoir make the operations guedara totalmente sellado a mediados de agosto,
Vigo, Agosto 2003,

tolerant to the rough surface weather conditions. http://www.elmundo.es/elmundo/2003/07/31/ciencia
DIFIS can be optimised (anchoring parameters, /1059684200.html

tube and shuttle bell dimensions, riser tube / wirgproject FP6-516360 DIFIS, “Annex | — Description of
tensioning, depth of the terminal buoy, eventual \work”, June 2005

intermediate buoys etc. Project FP6-516360 DIFIS, “Document Number: D2.1 -
The concept is highly configurable and can Operational Requirements”, May 2006
accommodate further improvements. Project FP6-516360 DIFIS, “Document Number: D3.1 —

Technology State of the Art”, May 2006

. . . .. Project FP6-516360 DIFIS, “Document Number: D4.1 —
However simple the concept might be its realisation Report on the Functional Specifications”, November
presents important technological challenges. Artbeg 2006

biggest challenges, the study has emphasised: Project FP6-516360 DIFIS, “Document Number: D5.2 —
- The realisation and the deployment of the long and Early Design of Elements, May 07
wide riser tube, having to operate in conditions ofProject FP6-516360 DIFIS, “Document Number: D6.1 —
important, unpredictable currents sometimes in Report on DIFIS internal flow analysis, Jan 07
rapidly changing patterns. Project FP6-516360 DIFIS, “Document Number: D8.1 —

The manufacturing, folding, transport and Preliminary Report on Deployment/Recovering

deployment of a large dome. This point has in a_ rocedure, November 07 _ . .
first step limited the wished dimensions, angProject FP6-516360 DIFIS, Technical note “Anchoring

necessitates further developments. Materials and ROV Intervention”, IFREMER, April
006

, - 2
The whole system deployment, with the objectivess et FP6-516360 DIFIS, Technical note “Prelimjna
to be safe and as quick as possible, can reprasent feasibility design of the dome, November 07

serious drawback in term of cost as bquiness,ssizeRepso| YPF, Proyecto Prestige, Santiago de
and complexity rise as depth of operation increases Compost,ela April 2003. ’
This can lead to consider intermediate water depth http://www.eylmundo.es/documentos/

ranges (less than 1000 m) where the system could 5003/04/espana/provecto prestige.pdf
be lighter, with more standard naval means. p proyecio_presige.p
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APPENDIX 13 — Article in Naval Architect — May 2008  edition
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APPENDIX 13 - Article in Naval Architect (Page 2)
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APPENDIX 14 - Full-page article published in Fairp lay Solutions

magazine — May 2008
(Page 1)
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APPENDIX 14 - Full-page article published in Fairpl ay Solutions

magazine — May 2008
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APPENDIX 15 — Full-page article published in “Proye  ctos Quimicos”

magazine — July 2008
(Pagel)
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APPENDIX 15 - Full-page article published in “Proy  ectos Quimicos”

magazine — July 2008
(Page 2)
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APPENDIX 16 — Full-page article published in “Notic ias SENER” —
August 2008
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APPENDIX 17 - 2 Full-pages article published in PS CA

International magazine 2009 — Issue 17
(Page 1)
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APPENDIX 17 - 2 Full-pages article published in PS CA

International magazine 2009 — Issue 17
(Page 2)
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APPENDIX 18 - Full-page article published in Parli ament
magazine — March 2009

Project FP6-516360 “DIFIS



Document Number D.10.2 A-19

APPENDIX 19 — E&T official publication of general

secretariat for R&D of the Ministry of Development (Greece) —
May 2008
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APPENDIX 20 — Nautical Review Magazine — sept.-nov . 2008
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