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Risk assessment models (WoE, EIA, ERA)
• WoE (Weight of Evidence Approach) is an instrument often used in environmental risk
assessments to characterise the hazard. This procedure is commonly applied when different types
of science-based evidence are needed to draw a conclusion and present a recommendation to
decision makers. The WoE can further provide information on the confidence level of the
conclusion.
• EIA (Environmental impact assessment) is "the process of identifying, predicting, evaluating and
mitigating the physicochemical, biological, socioeconomic, and other relevant effects of
development proposals prior to major decisions being taken and commitments made”. An EIA is
an important prerequisite for the issuance of permits related to both exploration and exploitation of
deep-sea minerals in areas beyond national jurisdiction (also called ´the Area´). The ISA is the
designated Authority to set international rules for EIAs in relation to deep-seabed mining.
• ERA (Environmental risk assessments) are crucial for every single exploitation activity on the
seafloor in the Area. A risk assessment can occur as part of an EIA but also as part of a SEA
(Strategic Environmental Assessment). The LTC (Legal and Technical Commission) of the ISA has
the mandate to ‘prepare assessments of the environmental implications of activities in the Area.
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Environmental impacts and threshold levels for deepseabed mining
The main environmental impacts related to deep-seabed mining will typically relate to:
• Size and distribution of mining areas => removal of seafloor habitat & biologically active layer
• Seabed suspension, surface discharge and spreading of particles
• Spreading of contaminants
• Noise and vibrations
• Light pollution
• Other discharges to surface water
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Boetius & Haeckel (2018) Science 359 Oebius et al. (2001) DSR II 48

Size and distribution of mining areas
Generally, deep-seabed mining has at least two
distinctive negative effects on the fauna of the
seabed:
i) a sudden decimation of the faunal populations
in the directly mined area; and
ii) ii) a quasi-permanent alteration of the habitat
As nodules require millions of years to grow, there
will be no natural return of hard substrate and its
associated fauna to the directly mined areas.
Within decades to hundreds of years, there will be
some recovery of fauna and ecosystem processes
in the soft sediment (i.e. not requiring the hard
substrate).
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Spreading of particles
Spreading of particles from deep-seabed mining operations has two main sources:
• Suspension and spreading caused by the seabed mining operation.
• Spreading caused by return water with particles from the mining support vessel.
It is suggested that preliminary threshold levels for plumes are based on ongoing
research from deep-seabed mining and from experiences in the oil and gas sector.
Suggested threshold levels for the total deposition thickness caused by the mining
activity:
• Within the Mining Area (blue line): No threshold levels
• Within the Environmental Impact Area (red line, outside the Mining Area): Maximum
total deposition thickness of 10 mm.
• Outside the Environmental Impact Area: Maximum total deposition thickness of 1 mm.
Suggested threshold levels for the suspended particle and return water plume:
• Vertical spreading should be restricted close to the seafloor.
• Threshold level for particle concentrations needs further work.
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Spreading of particles
Simulation of sediment deposition for 1 year (with collector operation during 50% of the time)
=> Total mined area: 100 km2
sediment discharge rate: 50 kg/s

<0.1
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<0.5
<10
<50
<100 mm
Deposited plume sediment layer

Spreading of contaminants
• During mining, also particles / debris from the mined mineral
ore spread to surrounding areas together with sediments from
the seabed.
• The ore itself will have relatively high levels of metals and
these could cause negative effects on the pelagic and benthic
fauna (organisms in the water column or on the seabed)
• Suggested threshold levels for the spreading of contaminants
from deep-seabed mining
• There are no international threshold levels for contaminants in
seawater. We suggest that such threshold levels should be
developed specifically for deep waters.
• While waiting for such international threshold levels, existing
quality standards for coastal waters could be used as a first
approach.
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It is suggested to use the
Norwegian Quality standards for
good water quality as they are more
recently revised (and stricter) than
the Australian and New Zealand
guidelines. It is suggested that the
water quality is monitored at the
Environmental Impact Area
perimeter (red line) and should not
exceed:
Arsenic
Lead
Cadmium
Copper
Chromium
Mercury
Nickel
Zinc

0,6 µg/L
1,3 µg/L
0,2 µg/L
2,6 µg/L
3,4 µg/L
0,047 µg/L
8,6 µg/L
3,4 µg/L

Noise and vibrations
• Noise and vibrations can disturb the acoustic communication of
marine mammals and can influence the natural behaviour of fish
and invertebrate populations in the water column and at the
seabed.
• There are no international threshold levels for noise and
vibrations in the deep ocean.
• We suggest that such threshold levels should be developed.
• While waiting for such threshold levels, existing levels from
guidelines for offshore activities could be used as a starting point.
• Based on this a threshold level for noise (sound exposure level) ≤
120 dB re 1 µPa2 (rms) at the Environmental Impact Area
perimeter (red line) is suggested.
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Acoustic noise measured by ocean bottom hydrophones
radial decay

cylindrical
decay

radial decay

cylindrical
decay

BEL collector site

• Patania II created mainly low frequency noise
(<10 Hz) decaying within ~400 m from source,
possibly seafloor vibrations
=> effects on benthic fauna?
• Higher frequencies (measured up to 2000 Hz)
dominated by support vessel (thrusters)
=> effects to be scaled up to 350 d/a (24/7)
GEOMAR, AWI, NIOZ

Light pollution
• Present concepts or developments of deep-seabed mining technologies do integrate
and depend on artificial light.
• In the deep ocean, there is only very dim, monochromatic, down light available. Some
species produce/use light to hunt, attract prey, communicate etc.
• Most species in this environment possess highly specialised visual systems, which are
incredibly sensitive to even minute amounts of light. This makes these organisms
extremely vulnerable to damage associated with bright artificial lights of manned and
unmanned submersible vehicles.
• There are no international threshold levels for light pollution in the deep ocean.
• We suggest that such threshold levels should be developed.
• In general, excessive use of light in the deep ocean should be avoided and the use of
light for mining at the seafloor should be kept to a minimum.
• Furthermore, it should be assessed for each deep-seabed mining operation whether
other solutions for navigation, orientation, operation and inspection can be applied.
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Other discharges to surface water
• Discharges of cooling water from the surface vessel could contain different types of
chemicals that are harmful to the marine environment (for example antifouling
chemicals, corrosion inhibitors or other utility- or process-related discharges).
• Biofouling is the accumulation of microorganisms, plants, algae or small animals on
the hull of the vessel. It is assumed that about half of the problematic species that
are brought around the world by ships are related to biofouling.
• Potential releases of ballast water could lead to spreading of invasive species. These
alien species can put the existing ecosystems under severe stress and overgrow the
native species or introduce exotic diseases.
• Based on this it is suggested to set no specific threshold levels for discharges from
the surface vessel but instead use the existing rules of the Ballast Water
Management Convention (BWM Convention) that is adopted by the International
Maritime Organization (IMO) and that entered into force in 2017.
• For biofouling, there are so far no IMO requirements. It is recommended to follow the
IMO biofouling guidelines from 2011.
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Private and societal risk for Deep-Seabed Mining
• Private companies (operators) evaluate project proposals using investment analysis, focusing on
future expected profits, revenues less operating and capital expenditures.
o Studies find that private projects may well be profitable, but with substantial risks involved.

• However, deep sea mining have negative societal externalities.
o Societal impacts are present, and the impacts are highly uncertain both in the short and long term.
ØThe ecosystem services provided by the deep seas – regulating, provisioning, cultural and supporting services - is a
public good. The scope and scale of impacts from Deep-Seabed mining on these services are uncertain in both the
short and long term.
ØThe mining project can reduce the value of operations for other industries (e.g. fisheries and tourism).

• Expected private profits may well be positive, but negative externalities may make deep sea
mining undesirable from a societal point of view.
• The size of overall societal impacts are unknown, there is a need for more knowledge about both
natural and societal impacts.
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Minimizing harmful impacts on the environment
(spatial planning)
• To minimize harmful impacts on the environment from deep-seabed mining reference zones and
habitat conservation areas must be established.
• Such zones must closely match ecosystem characteristics of mined areas (e.g. ocean
productivity, nodule density, faunal densities and composition) to safeguard abyssal biodiversity
and protect specific vulnerable and important ecosystems as well as their functions and services.
• Currently, 1 440 000 km2 of the Clarion–Clipperton fracture zone (CCZ) are considered as APEIs
(Areas of Particular Environmental Interest) and are closed for mining claims.
• Large-scale damage caused by deep-seabed mining can at least be partially mitigated if the
mined areas are separated by undisturbed, pristine areas of sufficient size.
• It is not yet possible to fully predict the extent to which spatial management options may mitigate
environmental impacts of deep-seabed mining and prevent major irreversible damage.
• Restoration could be a way to repair some of the environmental impacts but it is complicated and
we still know little about how it can be done.
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Non-compliance
• The aspect of non-compliance will be an important topic when the exploitation phase of deep-seabed mining
commences.
• The mining area is a sensitive environment, which will only remain if all sponsoring states and their
contractors adhere to the rules from the contracts, the Mining Code, its Regulations and the Law of the Sea
Convention.
• Should any party violate these agreements, the Council, the LTC and the Assembly of ISA have different
options to react to this. The Law of the Sea Convention already contains such rules.
• Since there has not been any commercial mining in the CCZ yet, there are no precedents or any practice for
violations.
• According to the draft regulations on exploitation of mineral resources in the Area, every applicant for an
exploitation license has to declare that they will comply with applicable obligations created by the provisions
of Part XI of the Convention, the rules, regulations and procedures of the Authority, the decisions of the
organs of the Authority and the terms of its contract with the Authority
• A violation in this context can lead to a suspension or termination of the contract or monetary penalties.
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Guidelines / policy recommendations
• One crucial issue in the context of regulation of deep-seabed mining is how to transform improved
ecological, environmental and risk assessment studies into better legislation. Part of the results from, for
instance, the MiningImpact project have already been transformed into policy recommendations.
• A set of indicators needs to be defined for the status of the deep-sea ecosystem health and threshold values
for the avoidance of serious harm to the marine environment.
• For the whole of humankind to profit from the benefits of deep-seabed mining on the one hand but also to
contribute to the protection and preservation of the marine environment on the other, advanced and
autonomous monitoring technologies will be required that are not currently in use.
• The WoE approach can help to identify and characterise the risks ahead, both qualitatively and
quantitatively.
• This study gathered threshold values for a variety of environmental risks. Yet to identify threshold values for
the economic risks is something that might be done differently in different parts of the world and the
outcomes may depend on particular circumstances, both economically and geopolitically.
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