OCEAN MINERALS FORWARD

Responsible Development: What the Science Shows

More Than 50 Years of
Research Provides a Strong
Foundation

Responsible ocean mineral
development starts with
understanding the environment. More
than five decades of deep-ocean
research — from NOAA's pioneering
studies in the 1970s to today's highly
instrumented pilot trials — have built
an increasingly detailed scientific
foundation for understanding and

managing ocean mineral development.

That science allows developers and
regulators to establish environmental
baselines before operations begin,
monitor activity as it occurs, measure
actual performance, and adapt
technology and operations as
knowledge advances.

o0+ YEARS

of deep-ocean
environmental research

9,000+ DAYS

of research at sea

HUNDREDS

of deep-ocean
research expeditions
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~— Science Has Been Part of the Industry
from the Beginning

Ocean mineral technology and environmental
research have developed side by side.

1975-1980

NOAA DOMES

N NOAA's Deep Ocean Mining Environmental Study established an
early scientific framework for evaluating deep-seabed mineral
development and environmental conditions.

1976-1979

Pioneer Collection Trials

\___Four US.-based consortia conducted multiple in-field nodule
collection tests at depths of several thousand meters in the
Clarion-Clipperton Zone, generating real-world engineering and
environmental data.

2021

Patania Il Trial

\___ Independent scientists deployed roughly 200 instruments across
43 platforms during DEME's collector trial — monitoring the
operation with an extensive network of sensors and scientific
equipment.

2022

Integrated Pilot Collection

\___ During The Metals Company's pilot collection trial, independent
researchers monitored an integrated deep-sea collection system
in real time, adding another major body of empirical data to the

scientific record.

TODAY

Better Technology, Better Data

Autonomous vehicles, high-resolution mapping, advanced
sensors, cameras, machine vision, and real-time monitoring are
dramatically expanding what scientists can observe and measure.
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> What Real-World Research Is Showing

Field research allows scientists to test predictions against actual operations. Studies of modern collection trials

have found that some measured effects differ significantly from earlier assumptions and modeling. Research

associated with MIT, for example, found sediment disturbance from conventional collection was one-third to

one-sixth of some earlier estimates, while observed sediment plumes remained much closer to the seafloor

than some earlier predictions anticipated.

Long-term studies are equally important. Scientists have returned to historic disturbance sites decades later,

documenting recovery of key biological communities while continuing to study changes that persist over
longer periods. The scientific record continues to grow with every baseline survey, technology test, pilot

program, and long-term study.
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Sediment movement is one of the most studied aspects of
polymetallic nodule collection. Modern field trials are allowing
researchers to replace assumptions with direct measurements.

Measurements also found that much of the sediment mobilized
by the collector remained close to the seafloor rather than
rising hundreds of feet through the water column as some
earlier scenarios had anticipated.
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/%) Fisheries

Many polymetallic nodule resources occur 4,000-5,500 meters
below the ocean surface, while major commercial fisheries
operate much higher in the water column. That substantial
vertical separation is an important feature of nodule
development.
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Environmental baseline studies and water-column monitoring
can characterize species distribution, currents and other
conditions before operations begin. During operations,
monitoring can track conditions throughout the water column,
while vessel coordination and project design can further reduce
interactions with fishing activity.

\_

J

AMERICAN INDUSTRY.

»

OCEAN MINERALS

FORWARD

~
@) Seafloor Disturbance

Polymetallic nodules lie unattached on the surface of the abyssal
plain. Recovering them does not require drilling into rock, blasting
an ore body, or removing conventional mine overburden. Modern
collection systems are designed around controlled operations
within defined collection areas, and newer autonomous and
selective technologies offer additional opportunities to reduce
sediment disturbance and seafloor contact.

Long-term studies of historic disturbance sites also allow
researchers to observe what happens over decades. Those studies
have documented recovery of key biological communities while
continuing to identify and study effects that persist longer.

& Biodiversity

Understanding biodiversity begins before collection.
High-resolution imagery, genetic analysis, physical
sampling, autonomous vehicles and other scientific
tools can document species, habitats and biological
communities across potential operating areas.

That creates something essential: a before-and-after
record.

AMERICAN RESOURCES. AMERICAN INNOVATION.

resources at OceanMineralsForward.com
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Explore the full report and supporting

Page 2 of 2



