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1.2 million km? licensed for exploration



Marine Mineral Resources from the Deep Sea

Mn-Nodules Mn-(Co)-Crusts Massive Sulfides

grow around a grow on the flanks of form along mid-ocean

nucleus on old volcanoes ridge or at young
sedimented abyssal (800-2500m) active volcanoes
plains (100-5000m)

(3000-6000m)

Courtesy Sven Petersen MIDAS Kick-off meeting



Manganese nodule areas - biological characteristics
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Licensed areas for nodule exploration are very large

Polymetallic Nodules Exploration Areas in the Clarion-Clipperton Fracture Zone
Approved plans of work and areas reserved for the International Seabed Authority (25 July 2014)
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Area Mined for each deposit type per annum

assuming mining at 2 million tons of ore per annum

Nodules Crusts Sulphides

deposit 15-25kg/m? 25-78kg/m? 20m deep

surface area g 130 k2 25-80 km2 200x200m
mined per year

depth 3000-6000m 800-2500m >3000m

Resource Ni, Co, Cu Co, Ni, Cu Cu, Au, Zn, Ag




Areas of Particular Environmental Interest (APEls)

In 2012, the ISA Council approved an environmental management plan for
the Clarion Clipperton Zone (CCZ), including a network of nine APEls, in total
covering an area of 1.5 Million km?, noting the need for a ‘comprehensive
environmental management plan at the regional level’.
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Polymetallic Nodules Exploration Areas in the Clarion-Clipperton Fracture Zone
Areas under contract and areas reserved for the International Seabed Authority
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fur und

©international Seabed Authority, 2013. Background map: ESRI

- Institut francais de recherche pour I'exploitation de la mer (IFREMER; France)
[ Interoceanmetal (IOM; Bulgaria, Cuba, Czech Republic, Poland, Russian Fed., Slovakia)
ion (COMRA; China) | Nauru Ocean Resources Inc. (NORI; Nauru)

Il Tonga Offshore Mining Ltd (TOML, Tonga)

|| UK Seabed Resources Ltd (UKSRL, UK)

Y ia (Russian F

E Reserved area* I:l Area of particular environmental interest (APEI)** [:l Exclusive Economic Zones (VLIZ, 2011)

* In the case of polymetallic nodules, the so-called parallel system provides that each y a State must cover two parts of “equal estimated commercial value”.
One part is allocated to the applicant and the other is to become the reserved area, which is set aside for the conduct of achvmes by the Authority or developing States.

** In July 2012, the Authority adopted an environmental management plan for the Clarion-Clipperton Zone to be implemented on a provisional basis over an initial three-year period.
The plan includes the designation of a network of areas of particular environmental interest (ISBA/18/C/22).
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Hydrothermal vent biogeographical provinces
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Chown SL (2012) Antarctic Marine Biodiversity and Deep-Sea Hydrothermal Vents. PLoS Biol 10(1): e1001232. doi:10.1371/

journal.pbio.1001232
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http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001232




Crusts — biological characteristics of seamounts

Seamounts may
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Environmental impacts from massive sulphide mining

Ore transfer L
A Potential impacts from:
g  Production Lighting
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Secretariat of the Pacific Community (2103) Deep Sea Minerals: Sea Floor Massive Sulphides, a physical, biological, environmental, and
technical review. Vol. 1A, SPC



MIDAS Work Programme

Developing a science/industry interface to deliver new technology to facilitate scientific
understanding, monitor impact and ensure compliance

WP11 Project management and coordination
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Plumes

MIDAS

Plume from underwater eruption
El Hierro, Canary Islands

MANAGING IMPACTS OF DEEP

SEA RESOURCE EXPLOITATION

Components of plumes

Particle laden

May contain toxic chemicals
May cause pH changes

Can spread very long distances
May rise in the water column

ok~

Depending on where they are
discharged/created plumes may
affect

6. Plankton
7. Pelagic organisms
8. Benthic organisms



Impact of loss of Connectivity on marine
populations

LIANAGING IMPACTS OF DEEP

SEA RESOURCE EXPLOITATION

Courtesy Craig Smith U Hawaii



Ecotoxicology

Large amount of data
available on metal toxicity at
lab pressures/temperatures

Little known of toxicity at high 50 %
pressures/low temperatures

where metabolic rates are
lower

Cummulative mortality

Plan to concentrate on small : Dose
number of metals e.g. Cd?*

and Cu?* and compare deep-

sea response to lab response

Existing data on toxicity (RTP - standard models),
based on (e.g.) OSPAR/US EPA protocols

. « « Possible ecotox responses at HP/LT (100 bar, ~ 10 degrees) ?

“Spot” measurements to be made in situ

MANAGING IMPACTS OF DEEP

SEA RESOURCE EXPLOITATION

Courtesy Chris Hauton, NOC



ECOSYSTEM RECOVERY

Quantifying disturbance
Ecosystem & ore-type dependent

Scale, magnitude & type

Physico-chemical impacts:
» Degradation/ loss of habitat
« Sedimentation
« Habitat fragmentation etc.

Potential biological impacts:
» Decrease population size
» Species extinctions etc.

Cumulative impacts = i ~ER—

‘Sources® personal communication with Elaine Baker, GRID-Arendal /

modified from Halpern et al. 2007; Van Dover 2014 Images: BGR, Baker & Beaudoin 2013
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Slide courtesy Stefanie Kaiser




Manganese nodule areas recover extremely slowly

This area in the French o0
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Recovery is very slow in the
DISCOL area of the Peru
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Recovery potential of deep-sea ecosystems

High

Active vents Active vents
(slow spreading) (fast spreading)

Cobali=hichicrustsinactive vents?

Abyssal plain
Polymetallic nodules

c
i
—

(®)

-}
©

O

—

o

o

e
L
o

S

O

—

(@)]

O]

(&)

C

©
©

C

-}
o)
<

output, habitat recovery

Frequency and scale of natural disturbance
—

Increasing resilience modified after Van Dover 2014

MANAGING IMPACTS OF DEEP
SEA RESOURCE EXPLOITATION

Slide courtesy Stefanie Kaiser




Concluding remarks

1.

Crusts, SMS deposits and nodules each have very different
ecosystems and will be mined in different ways. Hence
different regulations may be needed for each.

. For SMS deposits key issues are the length of ridge to be

Impacted at any one time

. For nodules and crusts, plumes (mid water and benthic) may

be critical because they will considerably extend the areas
Impacted.

. For nodules, seabed compaction may be an issue since it

may prevent recolonisation by sediment dwelling organisms.
Monitoring of recovery of ecosystems will require
identification of key species that can be counted/measured in
a cost-effective way over many years.

. Adaptive management practices will be important — feeding

off information from the first mining activities



