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* Average ocean water depth: 3,682.2 m

* Equivalent to a pressure of 36,121.3 kP, 361.21 bar o
356.49 atmospheres

* Light is rapidly absorbed in water. From about 100 m
down there is absolute darkness

Less than 50% of the oceans have been explored
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DESPITE THE HOSTILE ENVIRONMENT, THE USE OF THE
SEABED IS GROWING, AS THE BLUE ECONOMY IS GROWING

SUBSEA OIL & GAS COMMUNICATION
DEEP SEA MINING TECHNOLOGY CABLES

*IN THE WATER COLUMN
*ON THE SEABED
*BELOW THE SEABED

KNOWLEDGE GAP:
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NOT ONLY:

Oceans represent a resource to e discovered for new chemical
and biological products with a potential use in pharmaceutlc

d BEE O News sport  wea Search Q
industry ST

Monsoons to Microbes: Understanding the Ocean's Role in PR <

Human Health- Science & Environment 2014
National Research Council (US) Committee on the Ocean's Role in Human Health. Ocean medicine hunt: A Wild West beneath

the waves?

By Rebecc
cience G

Washington (DC): National Academies Press (US); 1999.

* The Marine Environment as a Source of Chemical Diversity

e The Discovery and Development of Marine Pharmaceuticals:
Current Status

* Marine Microorganisms as a Novel Resource for New Drugs

* The Marine Environment as a Source of Molecular Probes

* The Ocean as a Source of New Nutritional Supplements

Loesekann et al. 2007
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OCEANS ARE A = RS
FRONTEER OF OUR
KNOWLEDGE

- -

Deep Sea

and Sub-Seafloor

L
"-

Responsible use of deep sea

Resources

https://ec.europa.eu/research/environment/pdf/deepseefrontier.pdf
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European |
BLUE
GROWTH ...
is WATER

Why? Focus Area

Blue Growth is the European Commission’s initiative to Five sectors with high potential
rﬂwhanwv.lrwpolnﬁ of Eur wt eaamms

2.

Jobs
Value

23

Sustainability

Transport
(cargo & ferry)

Shipbuilding
& Ship repair

Blue Growth is the long term strategy to
support sustainable growth in the marine
and maritime sectors as a whole.

Organisation for Economic Co-operation and
Development (OECD)

Ocean industries bear a potential of an
important contribution to employment
growth, which could result in the creation of
approximately 40 million full-time equivalent
jobs globally in 2030

http://bluegrowth.inogs.it/
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Offshore (geo-) economic activities

nearshore
o Submarine cables & pipelines Seabed installations, i
o Renewable energies (wind farms) old & new i
o Seabed mapping (a service industry) !
|
o Nearshore sand and gravel mining ™ E
|
o Deep sea mineral mining Natural i
|
o Bio-prospecting (sub-seabed) resources, I
, nearshore to I
o Hydrocarbon exploration g !
eep-sea H

o Methane hydrates _ deep sea

Working at sea is expensive
survey vessels cost 10,000-100,000€/day
Drilling vessels for hydrocarbons can cost more than 500,000 €/day
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MOST COMMON USES OF THE SEAFLOOR

* SUBMARINE CABLES
* PIPELINES

* PLATFORMS FOUNDATIONS and SUBSEA
INSTALLATIONS

* DEEP SEA MINING
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GEOLOGICAL COMPLEXITY OF CONTINENTAL MARGINS
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Concern for safety of economic activity

Slope
System 1_—

Abyssal Plain |
Terrain System f—
/
System i

Mosher, 2010.

R. Craig Shipp, Shell International E&P Inc. IODP
Geohazard Workshop, Portland 2008
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Submarine canyons and deep sea channels

Vo % 27 LZXADNIANY, ) \
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Third deployment ————————{
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Submarine Cables

1875: Challenger Expedition (1t oceanographic
campaign) finds evidence of the Mid-Atlantic Ridge...

Source: Buck & Poliakov (1998, Nature)
| | | |

2000 MAR 22.6°N

-3000

-4000

1A

Source: Berann (1968) from Doel et al. (2006, J Hist Geog)

-
<«

1901: global network of telegraph
cables (that often failed)

http://industrialhistoryhk.org/submarine-cables-maps-1901-
1991-worldwide-hong-kong-networks/
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Data Transmission

» Satellites orbits 36.000 km * Transatlantic cable (Rome-NY

» Transmission time 0,250 sec about 7.000 km)
1000 megabits per second * Transmission time 0,065 sec

e Terabits per second
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SUBMARINE CABLES

Data Transmission

1975/1980 - 45 Mb/s, repeaters every 10 km * 1992/2001 10 Th/s, repeaters every 160 km
1987 - 1.7 Gb/s, repeaters every 50 km * Recenttimes 14 Tb/s
1990 - 2.5 GB/s, repeaters every 100 km



UNIVERSITA DEGLI STUDI DITRIESTE
- Dipartimento di Matematica e Geoscienze Corso di Geologia Marina 2019-20 @

Reel-lay vessel

2 ==
-
SEVEN OCEANS
st
[::]
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Plough system
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Late 20" century — developments in cable (& pipeline) technology

1940s: cable technology adapted to oil pipelines (‘Operation Pluto’, France-UK)
1956: 15t trans-Atlantic telephone cable (TAT-1)
1961: 15t undersea power cable (France-UK)

1988: 15t trans-Atlantic fibre optic cable (TAT-8)

COMNTRY

215t century global network of optic cables
* Undersea fibre optic cables carry 99% of world

telecommunications (= internet)
» Sources of damage: fishing and anchors (Egypt 2008)
* To protect them, cables (& some pipelines)—
are now buried - in water depths up to 2500 m!

;4/"‘

http://nicolasrapp.com

Cable (& pipeline) routes guided by
seabed mapping
(geomorphology + geology)

Sire
,n-.w

1
i
MEDITERRANEAN MAP

Alcaté:f-Lucent @
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PIPELINES

Y

%
" Fields/pipelines

M Natural gas
W Oil/condensate
1 Mixed

® New discoveries of oil and gas fields
since 2000 (not yet in production)

Connect offshore oil and gas field to land

e Connectislands to land

Shorten the pipe route

RUSSIA

OKRASNODAR
—

w— G pipetees incpeation (@) Compresser sutions

(GALSI maximum WD 2824m) (Blue Stream Maximum WD 2200m)
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Trans Adriatic Pipeline (TAP)

29
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https://www.youtube.com/watch?v=0FUERqu8tpQ

https://myzikk.com/2018/08/19/saipems-robots-set-to-cap-undersea-oil-blowouts/



https://www.youtube.com/watch?v=OFUERqu8tpQ
https://myzikk.com/2018/08/19/saipems-robots-set-to-cap-undersea-oil-blowouts/
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PLATFORMS FOUNDATIONS and
SUBSEA INSTALLATION

Mikkel (Norway)

Asgard A ' Asgard B

Control

- A
Compressor =~ *
station

Manifold
station

Hot Tap *.
ot Tep
Piled Structure Concrete Gravity Structure

E&DrillingFormulas.Com

e

Statoil

=]

32
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Subsea installations

Asgard Statoil subsea installation (Norway)
https://www.youtube.com/watch?v=Glu8U3XHXpE

35



5 UNIVERSITA DEGLI STUDI DITRIESTE

: Dipartimento di Matematica e Geoscienze Corso di Geologia Marina 2019-20

Seabed Mapping — an offshore service industry
Supports the siting and maintenance of seabed installations

(cables, pipelines, wind farms, platforms...)
* Multibeam & sidescan sonar bathymetry

* Subottom profiling (seismic) remote
_ methods

* Magnetic measurements _

* Sediment sampling (coring and grabs) 7 4irect

* Remotely Operated Vehicles (ROVs) methods

Source: wwwl.gardline.com

Cable

plough
Trenching
ROV
Source: www. osmipro;ecis. co.uk Sources: www.pharos offshoregroup.com

> OGS Explora has undertaken several commercial cable surveys
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hydrophone

Seabed
mapping -
geophysical
methods
(swath &
profile data)

Deployment to seabed of :

 Remotely Operated Vehicles (ROVs)

* Autonomous Underwater Vehicles
(AUVs)

Multi-national offshore industries

Source: www.ogniwa-paliwowe.info
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Conventional Tools

Coastal

Legend

@ Seafloor mapping - sidescan
sonar, bathymetry & backscatter
Subsurface surveys

@ Geotechnical sampling and
in-situ testing

(4) Geological sampling & age dating

i Ocean-going
,_..‘}_‘ . vgsse.I v

Autonomous
Underwater

ﬁi!‘i.le (

w

Emerging Geophysical Tools

— ‘ Autonomous

/) Surface
@mni.cle_,

Acoustic
@ Repeated seafloor & link
subsurface surveys Remotely
Multibeam water column Operated
imaging Vehicle
Acoustic Doppler Current Profiler ?Jur:ggm?:rs

Instrumented mobile seafloor devices

®) Vehicle

@Ocean bottom seismometer & hydrophones

@ Fibreoptic cable or instrumented infrastructure ) ‘ @ @
with distributed strain sensors N ! A ~

Clare etal., 2017, Near Surface Geophysics
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DEEP SEA MINING

e Securing sustainable access

Finder-installed
deep sea cameta

Source: Study to investigate the state of knowledge of deep-sea mining
Final Report under FWC MARE/2012/06 - SC E1/2013/04

to raw materials and
strategic material reducing
country’s dependency from
import.

* Developing advanced
technology that could keep
Italy as one of the leading
exporters of advanced
offshore exploration
technologies, creating
specialized jobs

Identify possible industry
alternative for companies

operating in the oil & gas
sector.

Vehicle)

39
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Antimony

Silver Beryllium

Chromium

Cobalt

Gallium

Nickel Germanium

Zinc Indium
Tungsten Magnesium
Lithium Y Molybdenum
Iron Niobium
Platinum GM

Vanadium Rare Earth Elements

Titanium Rhenium

Tellurium Tantalum

Import dependence of Europe in 2006, for selected critical raw
materials, as published in a Report by the European
Commission. Note that the value for Gallium is not reliable,
due to significant changes for different years.
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Sustainable and strategic sourcing of
minerals for energy production and
consumption.

V
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Risorse minerarie i progressiva riduzione in tutte le miniere terrestri
(Australia, Africa, Sud America)

Incremento demografico mondiale portera ad ulteriore aumento
richieste

Fondali oceanici (>4000 m) estremamente ricchi di risorse minerarie
(noduli manganese, cobalto, indio) oltre a molti metalli rari e preziosi.

Queste risorse sono in aree oceaniche aperte al di fuori delle
giurisdizioni nazionali

L’ autorita internazionale che eroga le concessioni & la International
Seabed Authority

Molti paesi sono gia in fase esplorativa: USA, Germania (in modo
molto attivo), Francia, Giappone, Russia e Belgio.

Le concessioni esplorative dovrebbero essere riaperte nel 2018
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Seafloor Massive
Suphides (SMS)
[ RS

Polymetallic /
Manganese Nodules

polymetallic / Cobalt-rich crust  Hydrothermal
Manganese nodule sulfides
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1. ‘Manganese’ nodules

*  97% Mn-Fe hydroxides, 3% cobalt,
copper, nickel, traces of platinum &
tellurium

* upto20cm indiameter (size of
potatoes to cabbages)

e concretions precipitated from
seawater or pore waters very very
slowly (1-3 mm/Myr)

* lie at seabed over vast areas (Pacific
& Indian oceans), in depths > 4000

e -
. *  Metallic compounds in sea water

Hyd ogensus nodvlas 3 are deposited on nodules
‘ ". e

%6 . lothdugeneul

‘va_  and hydrogenous
"" nodulc ;mwth

“.lr 2o y

BASALY SEDIMENT

\

Sea water enriched In metal compounds’

Schematic of Mn nodules formation processes

O\Qboll;emm nodules
\ %Nioo

3500

Y

Global Mn nodule concentrations

f;{}:‘\:f’ TR R o=
I (:;‘ n= _"‘—::}_F::_; &
YR s RGN,
"—fk {/T’ \ & a’}gﬁf
= X Clarion-
\_Y\ '\5\—\1 (7 Cllp{euon
L7 A, ik
- 17 v t‘ /& )
1 ¢ / J ;\\‘—JMX\
0 L] eCTragnn
K\ YIS ';W" (_ 3 \ e Penrhyn:
\,—/ Ocean ‘L /‘\“k_\r/ Basin
PR e e e
Exclusive Economic Zone l_\_, h-—

Photo of Mn nodules at seabed (Pacific Ocean)

(sa.‘k%
e xR

-

.
e
’*\\ e

Peru
Basin

‘/

Source for all: World Ocean Review (http://worldoceanreview.com)

See World Ocean
Review (2014)
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Minerals in the Deep Sea
2. Cobalt crusts

e composition similar to Mn-Fe nodules,

crust
(cms thick)

rocky

more cobalt and platinum
substrate

* also precipitates, formed very very
slowly (millions of years)

* found on flanks of seamounts (currents),
in water depths 1000-3000 m

« differing distribution than nodules, but Single-celled

overlap; mainly in Prime Crust Zone organism at seabed
on cobalt crusts

Source for all: World Ocean Review (http.//worldoceanreview.com)

Manganese oxide
(vernadite)

e.g. zinc ions e.g. cobalt ions
Oxygen-rich

deep water
e.g. lead carbonate . &
oo ids e.g. nickel ions e.g. copper ions - p oY -
B : . / L2 ER-
hydroxide Vatlois amourteny -=- Prime Crust Zone -=== Manganese nodules in the Indian Ocean s

ROl R oDt of Molybd other molecules -=-Clarion-Clipperton Zone (nodules) Crusts in the South Pacific

(o R oolyncenum wt| — Crusts on the California continental margin o Crusts in the Indian Ocean

other molecules gl niclybdate) ‘ - Manganese nodules in the Peru Basin & Crusts in the Atlantic See WOrld Ocean
L

Schematic of cobalt crust formation on seamount flanks Review (2014)
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Minerals in the Deep Sea

3. Massive sulphides

* Iron sulphides with copper, gold, zinc & silver

* Sulphides and other metals precipitate from
seawater near volcanoes

* ‘Black smokers’ discovered in 1978 — hydro-
thermal vents (metal-rich fluids up to 400°C)

* Found in areas of recent and present
volcanism, in water depths 500-4000 m
(including offshore lItaly)

Metal compounds

dissolved in water ’\ /"

“eapt.

For it as S MRS
+ . Sulphide precipitation .,

Oxygen from

\ the seawater

Bristle worms . . ' i > "\
e o
g P )

w\ Massive sulphides 3 “J

SEA FLOOR

Seawater is heated and : ) yF
dissolves metals and { ?
) ? f ! ) ' sulphur from the rocks 4 =
, ! R [N T N (S ) (1 © Dormant hydrothermal vents | e
4 | Ll Active hydrothermal vents | &
. | 2
— St )
L( — . = -

Schematic of massive sulphide precipitation next to volcano

Source for all: World Ocean Review (http://worldoceanreview.com)

See World Ocean
Review (2014)
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Mining Deep Sea Minerals

Still in exploration phase
* 1960-70s: ‘boom’ - huge interest, $108 spent —> drove the signing of UNCLOS

« 1980-90s: ‘bust’ (prices fell) (1982) and the creation of the
International Seabed Authority
(ISA 1994) to regulate the ‘boom’

* Today - prices are high again... and ability

to map the seabed has significantly improved

* |SAissued 6 licences from 1984-2011; issued 21 licences in the last 5 years
(all beyond EEZs, none being developed)

Precious metals (Mn, Co, Cu, Ni, Pt, Te, Au, Zn, Ar) just lying at seabed...

How do you pick them up?
* Nodules — various concepts proposed

v

* Impact on ecosystems?

e Crusts, how to detach from seabed?

* Main current interest is in sulphides...
(relatively small volumes globally,

but concentrated precipitates) These machines have not been built !
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Mining Deep Sea Minerals

Solwara 1 Project, Papua New Guinea

* ‘world's first commercial seafloor copper-
gold project from Seafloor Massive
Sulphides (SMS)’

* Within EEZ of Papua New Guinea
e Launched in 2008, still on paper...
* now (re)scheduled for 2016

Chassis of seabed rock cutter (adapted cable trencher)

Sources: www.nautilusminerals.com ~ NAUTILUS

BISMARCK SEA

SOLWARA 1 ML154
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Study to investigate state of knowledge of deep sea mining
Final report Annex 1 Geological Analysis
FWC MARE/2012/06 — SC E1/2013/0

SIS —.

o

seafloor massive sulphide occurrences
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New Applications for Polymetallic Nodules Exploration as of July 2012 ISA, 01 July 2012 - Confidential
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Tyrrhenian Sea

AN OPPORTUNITY FOR RESEARCH AND
TECHNOLOGICAL DEVELOPMENT IN
OUT BACKYARD

Submarine Shallow-water
Hydrothermal Systems in Volcanic Arcs of

the Tyrrhenian Sea.
Petersen et al., 2008. InterRidge News

"

Seafloor massive sulphide
occurrences (306 sites)
cpnsidered in the Study to
investigate state of knowledge

of deep sea mining

Final report Annex 1 Geological Analysis
FWC MARE/2012/06 —SC E1/2013/04
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DEEP SEA MINING

MINING PLATFORM

TRANSPORT SHIP

TAILINGS
HYDRAULIC
DISCHARG PUMP
SYSTEM

E
S
8
I

FLEXIBLE

HOSE

COLLECTOR

NODULE BUFFER

SHEAR NODULES & SEMI-LIQUID LAYER

FORCES PRESSUR

Source: Study to investigate the state of knowledge of deep-sea mining
Final Report under FWC MARE/2012/06 - SC E1/2013/04 52
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Seabed Installations - for Renewable Energies

* Wind, wave, tide, ocean currents, temperature & salinity differences...

\L Wind farm technology progression '
Wind farm now
seabed y - I 1

installations
>40 projects

. Shallow water
world-wide Omto30m
Transitional Water
30mto 60 m  Deep Water
60 m to 900 m

Monopile Gravity Base

Different foundations...
all require knowledge of seabed

Sources: Musial et al. (2006, OTC 18355)

Multibeam sonar view Source: www.osirisprojects.co.uk

of 4.2 m high towers
375 m apart

|
- R = + monitoring surveys:

»% L Seabed mapping

* sand wave migration
e scour of foundations

Same companies as cables

e 3 \‘ N
= e R,
Source: Scroby Sands Offshore Wind Farm — Coastal Processes Monitoring. Cefas, UK, 2006
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Seabed Sand and Gravel Mining

Not very ‘glamorous’ minerals... but a big business
* Used worldwide in construction, coastal engineering...
 Suction dredging from surface vessels

v

* Minimal science until recently — low value, large volumes...
» Science overlap - post-glacial sea level rise, early human

civilisations (submarine archaeology)...

20,000 years ago
With sea levels 100 metres lower,
todays seabed was exposed as dry land.

Arun valley
offshore south
England

8,000 years ago

Old river valleys bearing sand & gravel
deposits were submerged when sea levels
rose after the Ice Age.

Source: www.bmapa.org

Ice Age sand & __
gmﬁﬁ’ deposits
3 Today
present coastline L1 : j g Sea levels have risen further to
. > establish today's coastline.
thickest deposits found Sediment has been re-worked
in former river valleys  |° by the action of the sea, leaving

clean, well-sorted aggregates

 An industry 2" to oil & gas in the US (in Europe,
mainly North Sea countries*)

[ 2Kiomeies | o R " * Globally, we use >40 x 10° tonnes/yr = twice the

Source: wwws3.imperial.ac.uk/.../seafloorimaging sediment carried by all the rivers of the world
(*Velegrakis et al.2010, Journal of Coastal Research 51, 1-14)
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Source: 2011.polarhusky.com

Seabed Diamond/Gold Mining

* More glamorous - but similar dredging
techniques, in depths up to 150 m
* Exploration activity off South Africa,

Australia & Asia, Alaska...

Diamond mining off Namibia (De Beers)

Various mining techniques

* Horizontal — seabed crawlers ——,
 Vertical — suction drilling (water jets)

e Airlift — compressed air jets

MARINE DIAMOND MINING

v

Diamonds from offshore Namibia
(www.imdhgroup.com)

Global Continental Shelves - General Perspective

B Continental Shelves O Current Offshore Mining and Drilling Project Zones

Historic Namibian Diamond Production
(thousands of carats)

Source: www.mnlconsulting.com

www.marinelog.com

LEGEND

[ Orshore
W Offshore




