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Abstract  An industry to recover mineral resources on the abyssal
plains is emerging. Albeit at an explorative stage in areas beyond
national jurisdiction, the commercial mining of seafloor non-living
resources containing strategic metals is a realistic proposition, spurred
by the demand for renewable, low-carbon energy infrastructure.
The achievement of worldwide techno-economic growth must,
under the principle of sustainable development, be coupled with
the protection of the marine environment and its natural resources.
Overall, this presents not only challenges to the development of
mining technologies, but also tests the resilience of international
standards governing the regulation of mining activities at great depths,
including the development of the highest standards of environmental
protection ab inito. This paper explores the approach being taken
by the International Seabed Authority in advancing the legal regime
for the regulation of mining activities in the Area, and in particular
the tools and mechanisms targeted toward the protection of the
marine environment.

Keywords  common heritage of mankind, International Seabed
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mining technology

1. Introduction

After a prolonged delay in the commercial recovery of
marine minerals at great depths, it is feasible that the first
mining venture to recover polymetallic nodules from the
abyssal plains of the Pacific Ocean will be operational within a
decade. Located at depths between 4,000 to 6,000 m between
the Clarion and Clipperton Fracture Zones (CCFZ), an area
of some 5.48 million square kilometres, these nodules contain
relatively high concentrations of strategic metals. Drivers
for commercial recovery include the development of green

and emerging technologies as concentrations of land-based
are decreasing (Hein et al. 2013; Arroba et al. 2017), and a
foreseeable increase in global energy requirements to
extract copper from declining ore grades on land (Harmsen
et al. 2013). While preliminary economic assessments for
the recovery of marine minerals and processing are promising
(Lipton et al. 2018), technology trials have yet to be undertaken
at a commercial scale to demonstrate the economic viability
of a future mining operation, albeit successful pilot trials
have taken place at shallower depths in national waters in
respect of seafloor massive sulphides.

Polymetallic nodules, together with the seabed, subsoil
and other mineral resources (seafloor massive sulphides
(SMS), cobalt-rich ferromanganese crusts (CRC)) found
beyond the limits of national jurisdiction (known as the
Area), are the common heritage of mankind (CHM). The
principle of the CHM maintains that there can be no private
or State ownership of this common space and its resources,
with access being controlled and managed by nations co-
operating through an international organisation, the International
Seabed Authority. This legal mechanism was established to
prevent a scramble for the resources by technology-advanced
countries, and to ensure that activities (marine scientific
research, exploration, exploitation) would benefit mankind
as a whole, in particular through the equitable sharing of
financial and economic benefits with the international community.
The policy objectives of the international regime include the
promotion of the effective participation of developing States
in activities, the increased availability of metals to world
markets to satisfy consumer demand, and to compensating
those developing countries whose economies will be seriously
affected by mineral production from the Area.*Corresponding author. E-mail: cbrown@isa.org.jm
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The International Seabed Authority (ISA) was created by
international agreement under the United Nations Convention
on the Law of the Sea (UN/OLA 1982). To date the ISA has
awarded, and regulates 29 exploration contracts, held by a
mix of private and public sector enterprises, with some 16
contracts relating to CCFZ in respect of polymetallic nodules
(ISA 2018a). The contracts confer the exclusive right on an
operator (contractor) to explore for the specified category of
resource in a defined exploration area, in accordance with
the terms of the contract and applicable exploration regulations
(ISA 2010, 2012, 2013a). The regime also requires that
contractors are sponsored by a State party to the UNCLOS,
who has a “responsibility to ensure” that its sponsored contractor
complies with its contract with the ISA, and to assist the ISA
in securing such compliance.

With 15-year initial terms, and the possibility for 5 year
extensions in prescribed circumstances, each exploration
contract requires a contractor to carry out a programme of
exploration activities in order to assess the factors to be
taken into account in the exploitation phase.

In view of the prospects for commercial recovery, the ISA
is progressing a regulatory framework for mineral exploitation,
including the adoption of mining standards and practices
relating to operational safety, conservation of the resources
and the protection of the marine environment. This is a
particularly challenging and complex task for the ISA, its
member States and stakeholders. There is a need to produce
a framework that is commercially viable and one that provides
for legal stability for investors to make the necessary commercial
decisions, while ensuring that the environmental effects of
mining activities are monitored and appropriate mitigation
techniques deployed. Equally, the regulatory framework
must be developed under principles of inclusiveness and
fairness, with a wide participation from members of the ISA
and stakeholder base.

This paper outlines recent developments by the ISA in
developing rules, regulations and procedures for the exploitation
of the resources of the Area, and focuses on the tools and
measures to ensure the effective protection of the marine
environment from harmful effects which may arise from
mining activities.

2. Regulatory Development: Exploitation

In August 2017, the ISA issued a first set of consolidated
draft regulations on exploitation of mineral resources in the

Area for public comment (ISA 2017c, 2017d). Being the
product of a four-year consultation exercise with ISA
stakeholders, the draft was based on comments to previous
working drafts, discussion papers (ISA 2017a), and feedback
from expert workshops. 

The Council, the executive organ of the ISA, embarked on
its first substantive evaluation of the draft regulatory framework
in March 2018, in particular an analysis of common themes
arising from stakeholder submissions (ISA 2018c). Following
the meeting of the Council, the Legal and Technical Commission
reviewed the draft regulations in conjunction with the ISA
Secretariat (ISA 2018f), taking account of the requests made
by the Council (ISA 2018d), and stakeholder submissions
(ISA 2018j). Based on the Commission’s comments, the
ISA Secretariat issued a revised draft text in May 2018 as a
working paper for consideration by the Commission at its
July 2018 meeting (ISA 2018g). The revised draft (draft
regulations) reflects a clearer articulation of the pathway
from exploration to exploitation; an improved structure and
flow; further developments in key terms and phrases; expanded
environmental regulations, and improved regulatory text
and timelines. The draft regulations also place an emphasis
on a duty to co-operate and to the sharing and exchanging of
environmental information between various actors.

The draft regulations consolidate a number of subject
matters including environmental protection and inspection.
This will facilitate an environmentally-integrated approach
to the management of mining activities. The draft regulations
do not seek to address every aspect of mining activities in
detail. The aim is to present the essential components of the
application process, outline key rights and obligations including
management and administration consistent with the UNCLOS.
Implementation of the regulations will be supported by a
suite of standards and guidelines (to be developed). 

The draft regulations presented are generic, and their
provisions applicable to all mineral resource categories.
Though some stakeholders have called for resource-specific
regulations, this would seem unnecessary. While it is
acknowledged that for each resource type different geological
and environmental characteristics exist, and that different
mining technologies will be deployed, it is preferable that
such differences are taken into account through resource-
specific standards and guidelines, including appropriate
mitigation techniques.

Similar to exploration, an applicant for the approval of a
plan of work for exploitation has to demonstrate to the



Regulating Deep Sea Mining 289 

Commission that it has the necessary financial resources and
technical ability to undertake exploitation activities. Following
any recommendation for approval of a plan of work by the
Commission to the Council, a contract is concluded between
the ISA and an operator (contractor). The contract provides
the necessary legal link between the contractor and the rules,
regulations and procedures adopted by the ISA, including
rules relating to the effective protection of the marine
environment.

The ISA’s role, and key policy objective as a regulator in
terms of environmental protection is principally that of
regulating the risk (and uncertainty) presented by future mining
operations and their associated environmental effects.

3. Risk Assessment of Mining Operations and
Related Environmental Effects

While there will be differences in mining technology
between resource categories (a dredging-style operation in
the case of nodules, a cutting operation in the case of SMS
and CRC) there is similarity in that the resources will be
broken up in a collector at the seafloor, and returned, as a
slurry, through a fully enclosed riser system to a mining
support vessel at the sea surface. The slurry (mineral-bearing
ore) will be dewatered (shipboard processing), and the ore
transferred to an ore barge destined for onshore processing.
The processed return water will be discharged back into the
water column at a height above the seafloor to minimise
plume creation, and at a depth to minimise temperature
variations between the water discharged and surrounding
water temperature (Collins et al. 2013).

Despite the size of a typical nodule exploration area
(75,000 km2), only economically viable nodule fields will be
mined with anticipated mining technology. A single mining
operation producing at a rate of 3.0 million tonnes per year
over 20 years, implies a mining area to be directly impacted
of 8,500 km2, assuming an average nodule abundance of
7 kg/m2 (Madureira et al. 2016). The actual size of the mined
area could be reduced due to higher nodule abundance values,
and mining efficiencies due to technology improvements
(Sharma 2011). In terms of magnitude, the directly impacted
mining area for a single operation equates to less than 0.2%
of the total area of the CCFZ, albeit the geographic footprint
(plumes) will cover a wider area. For other mineral
resources, such as SMS, such footprint will be on a much
smaller scale.

Mining activities will have spatial and temporal implications
with varying degrees of severity. Effects will extend beyond
the local mining site, and be either of a short or long
duration; some effects may be negligible, while others at a
localised level may be severe. The removal of substrate will
have the most profound impact on endemic species; the
associated plume arising from the movement of the miner
across the seafloor creating suspended sediment may impact
the water column resulting in oxygen depletion, metal
toxicity and enriching the column with organic nutrients; a
re-sedimentation process may bury organisms in the immediate
and adjacent mining areas, together with the effects of the
discharge of waste processing water and material. Ancillary
impacts include malfunction (cracks or fractures) in the
lifter systems, hydraulic fuel leaks, ore spills during vessel
transfers, noise pollution via machine vibration, electromagnetic
fields around umbilical cords attached to remotely operated
vehicles, and the introduction of light which may affect
bioluminescence organisms. 

The design of mining equipment needs to factor in the
above impacts as far as possible, to minimize the penetration
depth of the mining collector in the case of polymetallic
nodules, and to reducing plumes and consequential re-
sedimentation effects.

The need to undertake an environmental risk assessment
to duly inform the components of the marine environment at
risk from the above activities, including pollution is a pre-
requisite under the draft regulations. A risk assessment will
help inform the appropriate studies and investigations to be
undertaken as part of an environmental impact assessment,
and subsequent formulation of mitigation and risk management
measures. Risk assessments should incorporate a “likelihood-
consequence” approach; such an approach is a factor of
the expected likelihood of an event and its expected
consequence.

Determining the connection between particular impacts
and the likelihood and consequence of such impacts together
with ecosystem and biological responses remain challenging.
As advanced in a CCAMLR context in a data-poor environment
“a pragmatic approach is to acknowledge that the ecological
consequences of human impacts are likely to remain unknown
and to focus instead on managing the [effects] themselves
on the assumption that impact reduction is desirable no
matter what the actual shape of the relationship between
impact and risk” (Sharp et al. 2009).
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4. Baseline Data and Environmental Assessment

Prior to the commencement of any mining activities, the
characteristics of the receiving environment need to be
documented. Under an exploration contract, contractors are
obliged to gather baseline data, to establish such baselines,
and to establish a programme to monitor and report the
effects of its exploration activities, including any testing of
equipment, on the marine environment against such baselines.
These data will support the documentation of environmental
conditions prior to mining identified areas, be the primary
input into an environmental impact assessment (EIA) process,
and preparation of an environmental impact statement (EIS,
being a report on the outcome of an EIA) as part of an
application for an exploitation contract. The Commission’s
recommendations for the guidance of contractors relating to
assessment of the possible impacts arising from exploration
for marine minerals in the Area sets out the seven categories
of baseline data requirements (ISA 2013b). Under an exploration
contract, contractors must observe such recommendations
“as far as reasonably practicable”.

The characterisation of the marine environment in
respective exploration areas remains a priority focus for the
ISA and its contractor base. Further environmental surveys
are required and their results evaluated as part of an EIA. A
clear focus at this stage of exploration should be the
standardisation of data gathering and analysis. To this end, a
data management strategy and plan is being implemented by
the ISA (ISA 2016). Aside from building a fit-for-purpose
data management platform, it will highlight data gaps that
need to be filled, and offer the opportunity to assess new
approaches to standardisation in data collection and reporting.
This will ultimately provide the ISA and stakeholders with
data and information for informed decision-making in
respect of regional planning and management, and, where
applicable, modifications to the regulatory framework (adaptive
governance).

There do remain a number of barriers to establishing
baselines in proposed mining areas, and adjacent areas subject
to secondary impacts including: a poor understanding of the
natural evolutionary processes, water dynamics, data collection
and methodology has not been standardised, and a lack of
species data. Though in the CCFZ, it has been recorded that
the lack of reporting for species data, is likely a consequence
of “insufficient observational and taxonomic work”, rather
than a lack of sampling (Lim et al. 2017).

The effectiveness of subsequent monitoring programmes
is highly dependent on an adequate baseline, as is the
development of appropriate mitigation and advance response
strategies to conservation, rehabilitation and natural remediation
of biological diversity and ecosystem functioning, and to
ensure progressive improvements in environmental management
standards. Though monitoring is expensive and needs to be
targeted at effects predicted by the EIA (ODPM 2002).

Standardising an EIA assessment process will also be a
key consideration. The draft regulations require an EIS (annex
IV, ISA 2018i) based on the EIA as part of an application for
a plan of work. The technical parameters for the conduct of
an EIA have yet to be outlined by the ISA. The evaluation of
an EIA by the Commission, and adequacy of underlying
baseline studies will be a complex process. Neither objective
assessment criteria nor guidance on what will be considered
by the ISA as acceptable effects on the marine environment
have been put in place. The “adequacy” or “sufficiency” of
an EIS should be addressed in ISA guidelines, including
further guidance on temporal approaches; though spatial
approaches have been given due attention, temporal aspects
remains for further analysis (Durden et al. 2017). 

The approval mechanism will be an iterative process
between an applicant and the Commission, with additional
input from the ISA Secretariat, recognised experts and
comments from the ISA stakeholder base. This may result in
agreed modifications to the EIA and environmental management
and monitoring plan. Such modifications may include site or
project-specific conditions and restrictions (e.g. on mining
discharges) that an applicant will need to comply with. 

5. Management, Monitoring and Reporting

The draft regulations house a number of procedural tools
and mechanisms to ensure the effective protection of the
marine environment, including the ISA’s due diligence
obligation to assess the financial and technical capability of
an applicant for an exploitation contract. This is exercised
through the Commission who must consider, inter alia an
applicant’s financial and technical capability: to carry out a
plan of work in accordance with good industry practice; to
implement an environmental management and monitoring
plan; to execute and implement an emergency response and
contingency plan, and that the applicant can modify its
management and operating procedures in the light of monitoring
results. This due diligence process is also supplemented by a
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stakeholder (public) comment mechanism.
What is less clear in the draft regulations is the extent to

which the ISA will review a contractor’s financial and technical
capability throughout the mining-life cycle. Though the
draft regulations provide for a periodic review of contractor
activities, including a review where certain prescribed events
or a change of circumstances occurs, the detailed content
and process for such a review remains to be developed through
guidelines. The outcome of such reviews will be made
public availability, except for confidential information.

As part of the assessment and approval process, applicants
are required to submit an environmental management and
monitoring plan (EMMP). An EMMP forms a key component
of a plan of work; the implementation of its provisions are a
contractual requirement. The broad content of an EMMP is
prescribed for in the draft regulations at annex VII, though
detailed guidance will be required in due course as to its
preparation. The EMMP must also be prepared in accordance
with any applicable regional environmental management
plan in place at the time.

The purpose of an EMMP is two-fold. First, it provides
direction and focus to a contractor’s environmental management
of its exploitation operations, based on the outcomes of the
EIA process (which must be dynamic as new learnings
emerge). Secondly, it also provides a reference point for the
regulator for inspection and enforcement purposes. There
are three implementation stages for an EMMP: mitigation
measures (including adaptive management techniques),
monitoring the impacts of potential significance or uncertainty,
and an evaluation (and revision) process being a product of
monitoring and assessment. This is particularly crucial for
monitoring cumulative impacts which may be uncertain or
unknown at the time of the completion of the initial EIS and
EMMP. The need for a regular assessment of a contractor’s
performance and measures implemented under an EMMP is
paramount, together with a review of the appropriateness
and adequacy of an EMMP. This is addressed by the draft
regulations which provide for the frequency of performance
assessments and review by the Commission.

Mitigation measures have yet to be fully developed and
formulated in response to the effects of mining activities. It
is suggested that two main areas be considered, namely:
restricting the size of the mining area such that ecosystem
integrity is not compromised, and control over the area affected
by secondary impacts, from the mining plume and the settling
of plume sediments, by managing the reduction in sediment

disturbance (MIDAS 2017). The objective is to ensure that
“there are no adverse effects on the overall integrity of the
wider ecosystem in areas targeted by mining” (MIDAS 2017).

Effective monitoring is a pre-requisite of good environmental
management. Monitoring will show the results of predicted
effects on the marine environment and identify any additional
risks. Monitoring will aid in the understanding of as to whether
mitigation measures have been implemented, their associated
success, and whether intervention is required and measures
adjusted accordingly. Monitoring and reporting requirements
will drive improvement in the design of the future EIA
content and assessment process. Monitoring and reporting
may also trigger a fresh EIA approval requirement where
there is any material change to the nature of the activities
first envisaged or to the information supporting the original
application. This aspect does require attention in the draft
regulations as to the trigger points or events requiring a new
EIA, EIS and EMMP together with a stakeholder comment
process. Additionally, while the draft regulations place an
emphasis on monitoring obligations through an EMMP, the
ISA must develop appropriate guidance for the conduct of
monitoring programmes by drawing on existing guidance
from parallel regimes (e.g. CPA 2011).

As part of its monitoring obligation, contractors must also
designate in their EMMPs impact reference zones (IRZs)
within a mining area, and preservation reference zones (PRZs)
in accordance with the Commission’s guidance (ISA 2013b).
PRZs are control reference sites outside of the mining area
and not impacted by mining operations. PRZs may also act
as an exclusion zone to protect benthic communities, providing
a refuge for organisms and a potential source for species
recruitment to mined areas (Van Dover 2011). To what scale
and extent PRZs should be included is yet to be defined, with
one report suggesting that multiple zones will be required
together with larger scale no-mining areas (areas of particular
environmental interest) put in place across nodule fields
(MIDAS 2016). But design recommendations must be
formulated (Van Dover 2011). To this end the ISA hosted a
workshop in September 2017, the recommendations of which
are awaited (ISA 2017e). In due course, further guidance is
required as to the content of monitoring programmes, including
standards relating to data sampling and analysis to ensure
consistency in reporting across the contractor base.

The draft regulations require an EMMP to be delivered at
the application stage and, where a material change needs to
be made, a revised EMMP at least 12 months prior to the
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commencement of production. This does introduce an element
of regulatory risk for a contractor as production may not
commence until any revised EMMP is approved by the ISA.
However, given that project feasibility will only take place
post the award of an exploitation contract, involving detailed
engineering studies, the delivery of a revised EMMP should
provide a higher degree of confidence in the EMMP by
stakeholders as its content is fully developed.

The ISA also requires a closure plan in the form set out in
annex VIII to the draft regulations. The closure plan will
incorporate post-closure monitoring and mitigation requirements,
and may include details of restorative measures. The monitoring
timeframe post closure of a mining operation still requires
consideration, and the extent to which that monitoring relates to
the risk of significant residual effects, and the success of the
recolonization of species. That said, the purpose and objectives
of a closure plan is yet to be fully discussed with the stakeholder
base.

The draft regulations also anticipate that the Commission
and applicants will negotiate amendments and modifications
to a plan of work. In many regulatory environments, specific
conditions will attach to the granting of mining permits and
environmental authorisations. In terms of such conditions,
guidance could be taken from the marine dredging industry.
In the United Kingdom, dredging operations are controlled
by conditions attaching to a dredging license in addition to
the requirement of environmental impact assessment and
monitoring (ODPM 2002). These conditions are intended to
minimise the impact of dredging activities on the marine
environment, including cumulative impacts from adjacent
dredging sites and other human activities. These conditions
include: operating within discrete sub-areas; restricting activities
at a critical times of the year to minimise the effects on
recruitment of benthic communities; restriction on on-board
screening of the ore slurry; specific monitoring obligations
and trigger points for corrective action; fitting of an electronic
monitoring system to monitor that operations are confined
to the dredging area; ongoing surveys and studies. It is
acknowledged that dredging occurs in shallower waters
where our knowledge of effects is at a more advanced stage.
Furthermore, dredging activities occur in areas of intense
human activity with the potential for significant cumulative
effects on the marine environment to be realised. 

Other conditions that could be negotiated include: the
maintenance of a specific category of insurance; the provision
of an additional financial guarantee (an environmental

performance guarantee is a mandatory requirement under
the draft regulations); independent auditing and verification
of an EMMP, together with other review and reporting
conditions (e.g., see also MFENZ 2012). 

Little consideration has been given to the above to date.
The focus of the draft regulations has largely centred on the
broad content of an EMMP, and procedural obligations.

Additionally, there is a trend in regulatory policy approaches
toward outcome based regulations. This approach arguably
provides for greater flexibility in innovation, and contributes
toward an adaptive management approach (see below). A
result-oriented approach places the duty on a contractor to
assess and manage risk to ensure delivery of pre-agreed
environmental targets. This is both preferable from the
viewpoint that the operator is better suited to managing risk,
particularly given the remoteness of potential mining activities.
For example, the Environmental Protection Authority of
Western Australia’s preference is:

“to recommend outcome-based conditions. That is,
conditions which focus on the ultimate objective that is to be
achieved (in contrast to prescriptive conditions, with detailed
requirements about “how” to achieve the objective). The aim
of the outcome-based approach to condition-setting is to
regulate ‘what’ to achieve, not ‘how’ to achieve it.” (EPAWA
2012).

The ISA should foster the development of result-oriented
targets (technical standards) that clearly define an intended
outcome toward the protection of constituent elements in
the marine environment (ISA 2017a), and to avoid specific
environmental effects. These could include quantitative
technical thresholds, parameters and indicators; for example,
the location of returned water discharges, sedimentation
thresholds (thickness and distance from the mining activity),
suspended particle limits from the plume in the water column
(the boundary mixing zone, the point at which the effect of
the mining plume on the marine environment can be considered
negligible), and noise pollution limits. Appropriate monitoring
(to measure performance against a specified outcome) and
reporting protocols to the ISA would also need to be put in
place. The reporting of monitoring results will be a key
component of EMMP delivery to assess performance, measures
and actions taken and the review and revision of such
measures and actions. 

To the extent that legal or ecological thresholds are specifically
designed for the deep-sea environment, these must reflect a
sufficient buffer between a target reference point (where
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corrective measures should be implemented by a contractor
prior to reaching any limit reference point) and a limit reference
point (threshold), the exceeding of which would trigger
contingency action by a contractor and enforcement action
by the ISA, including possible penalties. 

While the UNCLOS provides for the issue of “emergency
orders” by the ISA to contractors to prevent serious harm to
the marine environment, the practical and timely application
of such orders, given the remoteness of future operations, is
questionable. The draft regulations do however provide for
the implementation of a contractor’s emergency response
and contingency plan, coupled with notification and reporting
procedures as a regulatory response to incidents.

The science connected with the deep-sea environment
lags behind that of the terrestrial environment to establish
meaningful ecological thresholds at this point. Consequently, a
more qualitative approach is required until further research
is advanced, including the development of autonomous
monitoring systems (MIDAS 2017). To the extent a component
of the marine environment cannot be measured, the EMMP
should identify the proposed management actions to minimise
environmental effects as far as practicable (EPAWA 2017).

6. The Role of Standards

In addition to the technical standards discussed above,
other performance and process “standards” (to be adequately
defined) play an important function in the operationalisation
of the regulations, and in ensuring a consistent approach to
environmental management across mining operations.
Aside from on-site inspections and use of remote monitoring
technologies, the industry will principally self-regulate.
Standards will underpin the application of good industry
practice, and allow the ISA to assess contractor performance
against such objective standards. Contractors are obliged to
undertake mining activities in accordance with good industry
practice (defined by a reference to applicable standards adopted
by the ISA) and best environmental practice. Consequently,
the content and dynamic nature of these terms, in time and
space, requires further analysis given such terms will be
fundamental in supporting the delivery of best practice
under a legal framework, and the orderly, safe and rational
development of mining activities.

The role of and developing environmental standards in the
Area has been the subject of workshop discussion (ISA
2017f). Additionally, the Commission has been tasked by

the Council to consider a workshop in connection with
standard and guideline development (ISA 2018c), and to
consider the appropriate legal status of such standards and
that of guidelines. The draft regulations require that standards
are to be approved by the Council, based on the recommendation
of the Commission. Albeit “applicable standards” are
incorporated into the definition of good industry practice,
specific technical standards must be developed and adopted
in the EMMP (e.g. environmental thresholds).

As to guidelines, the Commission and the Secretary-General
may issue guidelines of a technical or administrative nature,
with the Council having an oversight role. The standard
contract clauses in the draft regulations require contractors
to observe guidelines “as far as reasonably practicable”. 

Further discussion is required on how to better embed
standards and guidelines across the regulations, the exploitation
contract and the plan of work. The legal status of individual
standards and guidelines, being mandatory or recommendatory
in nature, will require determination, based largely on the
significance of its content (ISA 2018h).

In order to ensure stability in the legal framework, standards
and guidelines should be developed through a transparent
and inclusive process. The adoption of standards, that are
industry-specific and cost-effective in their application,
requires a consensus-building approach.

There is a plethora of standards and guidelines used by
and developed under land-based mining regimes and the oil
and gas industry that can be adopted, modified or their
principles applied by the ISA. These include standards
developed by the International Organization for Standardization
(e.g., ISO 14001:2015 (environmental management systems);
ISO 31000:2009 (risk management principles)); various
assessment frameworks, for example, storage of CO2 streams
in geological formations (OSPAR 2007), and in the petroleum
sector, guidelines for offshore environmental monitoring
(CPA 2011). There is little merit, if not a danger, in re-inventing
the wheel.

The formulation and adoption of guidelines will facilitate
the dissemination of good industry practice, best environmental
practice (BEP) and techniques. Although such guidelines
may be non-binding legally, they establish a considered code of
best practice, and are more flexible to adaptation in the light
of new knowledge and experience than core regulatory
provisions requiring formal amendment by the ISA Council
and Assembly. 
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7. Adapting to Improved Knowledge 

An important feature of the exploitation regime will be the
level of “control” exerted by the ISA in securing contractor
compliance, and the ISA’s perception as a “good” regulator.
The vast majority of mining and oil and gas models now
tend toward self-regulation with the necessary checks and
balances put in place through reporting, notification and
inspection / auditing mechanisms together with enforcement
tools. While this is perhaps of greater significance given the
remoteness of future mining operations, it also ensures that
risk is placed in the hands of those best to manage it i.e., the
operators.

In adopting a legal framework there must be a balance
between rules based on existing knowledge (best available
scientific evidence) and best practice to create a stable,
certain and predictable legal regime in the Area, and one that
must also respond and adapt as new information comes to
light about ongoing mining activities and their effect on the
marine environment. 

The initial term of an exploitation contract is a maximum
of 30 years, with renewal periods of up to 10 years being
granted under prescribed circumstances. Draft standard
contract terms, while providing for security of tenure, also
create an obligation to “comply with the Regulations, as
well as other Rules of the Authority, as amended from time
to time”. Consequently, contractors are subject to the terms
and conditions of the contract (which may only be amended
by an agreement of both parties), and the obligations prescribed
for by the regulations (which may be amended unilaterally
by the ISA under its review procedures in the light of improved
knowledge or technology). Contractors and investors seek
certainty and stability. The ISA as a regulator, while seeking
to attract investments and technology to the Area, must also
foster adherence to best practices as new knowledge and
information increases. This is particularly important in
connection with the protection of the natural resources, both
living and non-living. While this process is not uncommon
under land-based mining regimes, there is a greater degree
of commercial and investor sensitivity in connection with a
frontier industry, and toward a new and inexperienced regulator.
Ensuring that any proposed significant changes to the
regulations are only adopted and implemented following
relevant stakeholder consultation is an imperative to achieving
good regulation, and a stable and predictable regulatory
regime.

From an operational perspective, adapting to new information
leads to the consideration of adaptive management. Adaptive
management is “a planned and systematic process for
continuously improving environmental management practices
by learning about their outcomes. Adaptive management
provides flexibility to identify and implement new mitigation
measures or to modify existing ones during the life of the
project” (CEA 2009). While generally accepted as good
management practice in any industry, its application in a
frontier industry to close the gap between certainty and
uncertainty, merits further thought. 

The challenge for the ISA is the extent to which it should
prescribe and regulate for adaptive management measures
versus say setting appropriate thresholds and trigger points
(technical standards) and allowing a contractor to adaptively
manage its own operations and develop the necessary
management responses. As documented, adaptive management
is a cyclical process. Most business models are linear. A
temporary suspension in mining operations or an alteration
in recovery rates (a stop, start approach) in order to monitor
and assess environmental effects, could have a detrimental
impact on the economic viability of a mining project. That
said, the two are not mutually exclusive and focus should be
given to the planning of projects and design of decision-
making structures. Under the draft regulations, a description
of adaptive management techniques is required under an
EMMP.

The aim of adaptive management is to reduce uncertainty
over time through an iterative process of monitoring and
evaluating the management and mitigation measures
implemented, and adjusting such measures to meet an
outcome or objective under an adaptive management
framework. It is forward looking, albeit there is a need to
balance this with securing effective protection in the short-
term based on existing knowledge (MFENZ 2016).

The challenges faced by commercial operators in a marine
mining context, and the practical implementation of adaptive
management has been well documented in New Zealand
(MFENZ 2016). New Zealand’s legislation prescribes for an
adaptive management approach which includes “allowing an
activity to commence on a small scale or for a short period so
that its effects on the environment and existing interests can
be monitored”, and “any other approach that allows an
activity to be undertaken so that its effects can be assessed
and the activity discontinued, or continued with or without
amendment, on the basis of those effects” (MFENZ 2012). It
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is self-evident that this creates a tension between the economic
viability of a project, and managing a tolerable level of risk
of harm to the marine environment.

Adaptive management does not replace the need for
adequate data collection and a good baseline, so that the
appropriate thresholds and trigger points can be identified
requiring management or regulatory responses. Indeed,
shortcomings in New Zealand marine consent applications
can be attributed to inadequate information and a consequential
lack of confidence by the decision-makers in the adaptive
approach being put forward to address uncertainty within
the applications. 

Adaptive management is arguably an application of the
precautionary approach; the latter does not advocate that
mining is banned until scientific uncertainty is resolved, but
that it proceeds with necessary controls and risk mitigation
measures put in place (Collins et al. 2013). Certain risks will
be “acceptable”; what is acceptable will also be a factor of
the costs or efforts needed for its further reduction. In
connection with the safety of oil and gas operations, this is
articulated as follows: 

“Operators should reduce the risk of a major accident as
low as reasonably practicable, to the point where the cost of
further risk reduction would be grossly disproportionate to
the benefits of such reduction. The reasonable practicability
of risk reduction measures should be kept under review in
the light of new knowledge and technology developments.
In assessing whether the time, cost and effort would be
grossly disproportionate to the benefits of further reducing
the risk, regard should be had to best practice risk levels
compatible with the operations being conducted.” (EU
2013).

Prescribing for adaptive management has an inherent
danger: one of overregulating commercial mining operations,
leading to increased and unnecessary monitoring and
mitigation costs. A number of procedural challenges have
also been raised in that adaptive management could impact
the security of tenure under a contract (Jaeckel 2016). 

Operators are best placed to determine an adaptive
management approach as they better understand the
uncertainties in a project, and the technology and methods to
be deployed to manage such uncertainties (MFENZ 2016).
Adaptive management is not an absolute; it is a process tool
to deliver improved ways of doing things. Ultimately, the
burden of proof will be on a contractor to demonstrate that it
has adhered to best practice. 

Applicable practices relating to adaptive management
measures should be driven by the industry in response to the
environmental objectives, conditions and outcomes set by
the ISA. A possible environmental management framework
reflecting the implementation of the precautionary approach
and adaptive management measures has been advanced
elsewhere for consideration (Durden et al. 2017).

The central role to be played by technology in advancing
solutions toward the environmental management of mining
activities must be better understood. The testing of technologies
at an early stage will be an important component of the
sequencing process of adaptive management particularly as
the consequences of potential mining impacts are not well
understood. Such testing is likely to reveal key information
as to the impact of mining activities, particularly in
connection with plumes, and the design and implementation
of best available techniques for mitigation.

8. Advancing Technology through Best Available
Techniques

The Commission’s recommendations for the guidance of
contractors relating to assessment of the possible impacts
arising from exploration for marine minerals in the Area
(ISA 2013b) lists certain exploration activities as requiring a
prior environmental impact assessment, and a monitoring
programme. This includes the testing of collection systems
and equipment. The recommendations also make reference
to the use of “best available technology” in connection with
setting up the environmental baseline, and the “best available
technology and methodology” for sampling to establish
such a baseline.

The role of “test mining” has been the subject of some
discussion and debate across the stakeholder base (ISA
2017f), and in submissions to prior draft regulations. Aside
from the use of inconsistent, and at times confusing terminology
(“test mining”, “mining tests”, “pilot mining tests”), a question
arises as to whether the testing of equipment should be
mandatory prior to an application for an exploitation contract,
together with the specific conditions and requirements of
such testing activity. 

There is no regulatory obligation to conduct “testing”
under the exploration regulations, nor is it a specified
requirement under the draft exploitation regulations for an
exploitation application. Given the levels of capital expenditure
required for testing, the decision on such activity, its level
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and timing, is primarily a commercial one. In practice, however,
some level of testing is inevitable. Indeed, the mining
process is a modifying factor in determining the conversion
of mineral resources to mineral reserves (ISA 2015b), a key
determinant to project viability, approval and funding.

Two levels of testing are envisaged. First, the testing of
components of a mining system on a smaller scale (e.g.
collector engineering tests) is likely to be undertaken by
contractors at the exploration stage to validate the reliability
of the component (i.e., that recovery of the mineral resource
is technically achievable), and to evaluate the economic
viability of a mineral resource to advance work toward a
pre-feasibility and feasibility stage. 

Secondly, the testing of an integrated mining system
(integrated testing), where all components of a system are
assembled, the minerals transported to a mining vessel at the
sea surface together with mining discharges following
shipboard processing. Given its high cost, integrated testing
is unlikely to be advanced until the feasibility stage of the mining
project, and post the award of an exploitation contract. 

Concurrent with any test, in addition to the ongoing
gathering of environmental baseline data, the monitoring of
any component testing will ground truth data and improve
the current state of knowledge of expected impacts at the
commercial mining phase. A monitoring plan is a requirement
under the Commission’s recommendations (ISA 2013b). It
is expected that two contractors will undertake component
tests for collectors during 2019 in their respective contract
areas in the CCFZ under the JPI Oceans MiningImpact project.
Though a possible weakness of the ISA recommendations is
there are no guidelines to adequately inform the principal
content and deliverables of a monitoring plan; this is largely
left to a contractor to determine.

Best available techniques (including technology) is a
regulatory standard applied in many industry sectors. As a
concept, its assessment in mature industries is well understood,
it remains challenging as deep-sea mining technology is
under development, and limited testing has been conducted
in the target environments. Under the draft regulations,
contractors are required to apply best available techniques in
carrying out measures to ensure the effective protection of
the marine environment. The capability of an applicant to
utilise and apply such techniques must also be assessed by
the Commission as part of the application process, though
the ISA is not in a position to specify the particular equipment,
procedures and techniques that comprise the concept of

BAT. Further discussions are likely to occur in respect of the
technology and procedures to be deployed as they relate to
avoiding or minimising environmental effects, and their
consideration as part of the application process, including
accreditation of equipment by an international accreditation
body against industry-agreed technical standards (ISA 2017b).

A contractor will be required to adopt BAT during the
mining life cycle, and demonstrate at the application stage
that it has the technical capability to do so, including in
connection with limiting waste and discharges, mitigation
(e.g., in connection with plume generation), monitoring
techniques and procedures, and the technical capacity to
monitor key environmental parameters including technical
thresholds. The concept should also be applied to human
health and safety. Though the draft regulations provide a
broad definition of BAT, given its dynamic nature, criteria
will be developed by the ISA to take account of its change
over time and in the light of new knowledge and technological
advances. Such criteria should also reflect cost-benefit
considerations, particularly where any “incremental benefits
are clearly insufficient to justify the incremental costs of
using such technologies” (US/GPO 1989).

The draft regulations also provide inter alia that contractors
shall reduce the risk of incidents to as low a level as is
reasonably practicable. Technology will play a major role in
managing the risk of incidents, as it will in connection with
the requirements to take all reasonable and practicable
measures to prevent or minimize marine pollution, and to
take all reasonable and practicable mitigation measures to
protect the marine environment. 

An important feature of the rules will be to ensure that the
approved operating parameters are complied with in terms
of resource extraction methods, and that mining operations
are confined to approved areas. The deployment of an
electronic monitoring system (EMS) which both tracks the
movement of mining collector equipment and gives a picture
of the intensity of mining operations should be deployed.
The EMS data can be sent remotely to the ISA for assessment,
and generation of an “irregularity notice” where mining has
occurred outside an approved area. The EMS has been
successfully deployed by the United Kingdom’s Crown
Estate since 1993 in respect of marine dredging operations.

9. Beyond the Regulatory Framework

There is a need to go beyond the existing regulatory



Regulating Deep Sea Mining 297 

framework (licensing, standards) and develop other
environmental policy instruments which support environmental
objectives, including restoration, market-related instruments
and possible future payments for any loss in ecosystem
services (UNEP 2007).

The assessment of the technical and economic feasibility
of implementing restoration measures should be considered
as one policy approach in addressing serious harm to the
marine environment (ISA 2015a). It will be important to
assess this against ISA environmental objectives, and whether
resources are warranted to make such interventions. While
further studies need to be undertaken, there are early
indications that the deployment of artificial substrates could
enhance local species recruitment, though this should be
considered in conjunction with mitigation measures relevant
to each ecosystem and locality (MIDAS 2017; Van Dover
2011).

As to economic incentives, the ISA’s discussion paper on
environmental matters (2017a) noted the use of market-
related instruments to facilitate delivery of environmental
objectives, targets, performance, and to support technology
development and innovation. In discussions on the development
of financial terms for exploitation contracts (being payment
terms to compensate the common heritage of mankind as
resource owner) consideration has also been given to a
number of financial mechanisms to protect environmental
resources through incentivising a reduction in the likelihood
and magnitude of environmental harm in a cost-effective
way, and to provide for compensatory measures through funds. 

The policy approaches that could be adopted by the ISA
toward environmental protection and to foster sustainable
mining activities include a range of instruments: regulation;
funds, bonds (financial guarantees) and insurance, fees and
a liability mechanism. These approaches, either individually
or in combination are discussed in some detail elsewhere
(Lodge et al. 2017). The choice of which approach or
approaches to take requires consideration of the needs
related to managing environmental risk, and then identifying
the appropriate mechanism(s), including market-based
tools, to address those needs. For example, bonds may be
connected with securing monitoring obligations post closure of
mining operations, and a fund as a longer-term compensatory
mechanism for residual and significant environmental effects.
In connection with advancing a more coherent liability
mechanism in the Area, a working group has been set up to
explore these issues in greater detail (CIGI 2017).

10. Concluding Remarks

The ISA must advance draft regulations based on the best
available information. The regulatory process must also
encompass the collective views of mankind, while resisting
unilateral or regional trends with different perceptions on
the existence value to be placed on biodiversity at risk. Such
trends may undermine the objectives of the UNCLOS, and
its contribution toward the United Nation’s sustainable
development goals. The UNCLOS is a visionary instrument,
enabling the mining of mineral resources at great depths, but
with appropriate safeguards for environmental protection.

In developing the resources of the Area, we may have to
accept that the recovery of mined areas to their former
baseline condition may take place in the long term, measured
by centuries or millennia, or perhaps not at all. Such effects,
and their extent, will vary by the resource category and areas
mined and the technology deployed. The significance of
such effects is as yet undetermined. Where uncertainty
prevails, an inevitable political decision will be required as
to levels of acceptance or tolerability of environmental
damage. With 168 members, the unique governance structure
of the ISA, including its observer base, both promote and
facilitate a diverse and balanced discussion in opinions, and
thus decision-making.

There is an important issue of magnitude and scale in any
discussion connected with the effective protection of the
marine environment. Mining activities are likely to have an
impact at an individual organism level; endemism and the
extinction of localised species do present a concern (Lodge
et al. 2014). There may be a modest impact at the community
level structure but at a regional (or whole ecosystem level)
effects may be negligible. That is, a holistic approach to
conservation and the environmental management of activities
in the Area is required. The conservation (and preservation)
strategy being adopted by the ISA is one of maintaining and
managing as representative a sample of deep-sea species as
is possible, through the designation of no-mining areas. To
date, the ISA has designated some 25% (1,440,000 km2) of
the CCZ as a mining protected area, divided into nine
biogeographic sub-regions known provisionally as “areas of
particular environmental interest” (Lodge et al. 2014). A
preliminary strategy for the development of regional
environmental management plans in other parts of the Area
has also been presented to the Council (ISA 2018c).

The ISA has multiple objectives and achieving an appropriate
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balance between such objectives is challenging, not least in
a multi-stakeholder community. These objectives and challenges
are evidenced by the ISA’s strategic plan for the five-year
period 2019–2023 (ISA 2018e). The ISA must develop and
implement measures which promote efficiency in ocean
mining activities, and not promote wasteful practices or
provide for disproportionate or unnecessarily bureaucratic
requirements. It must learn from the outputs of other projects
and programmes, including best practice in the extractive
industries sector to avoid “re-inventing the wheel”. 

The delivery of legislation and administrative infrastructure
at a sponsoring State level is a crucial element in the overall
governance mechanism. Often the perceived regulatory
gaps in international law do not occur at the international
level but exist at a State level. This is true of the Area regime,
where national laws and regulations are at best “patchy”.

The ISA, its contractor base and other key stakeholders
must further develop a regulatory framework in a collaborative
manner by incorporating performance and process standards,
together with economic incentives that foster the development
of good industry practice. The ISA’s policy and legal framework,
informed by the UNCLOS, together with its effective functioning
as a mining regulator and environmental agency, must
provide a stable and predictable investment platform. 

Technology and change are crucial to both the delivery of
efficient mining operations to optimise resource recovery,
and consequently the conservation of the resources, and to
addressing environmental effects. Studies should be undertaken
as to how this has been achieved in parallel extractive
industries with decades of experience. 

The ISA’s role is to build a commercially viable framework
that recognises technology and innovation as central to
enable solutions being brought to the table. Overregulation
will stifle innovation in a potentially viable industry.

Acknowledgements

The views expressed in this article are those of the author
and do not necessarily reflect the position of the International
Seabed Authority or any of its member States. The author
acknowledges the Secretary-General, Mr Michael W. Lodge,
and the Deputy to the Secretary-General, Mr Alfonso Ascencio-
Herrera of the ISA for their support in the preparation of this
article. The author would also express his appreciation to Mr
Adam Heynes for his encouragement in the final stages of its
preparation.

References

Arroba DLP, Hund KL, Mccormick MS, Ningthoujam J, Drexhag
JR (2017) The growing role of minerals and metals for a low
carbon future (English). World Bank Group, Washington DC,
92 p

CEA (2009) Operational policy statement: adaptive management
measures under the Canadian Environmental Assessment
Act. Canadian Environmental Agency

CIGI (2017) Legal working group on liability for environmental
harm from activities in the area (conference report). Centre
for International Governance Innovation, London, United
Kingdom, 28–29 Sep 2017 

Collins Colman P, Croot P, CarlssonJ, Colaco A, Grehan A, Hyeong
K, Kennedy R, Mohn C, Smith S, Yamamoto H, Rowden A
(2013) A primer for the Environmental Impact Assessment of
mining at seafloor massive sulphide deposits. Mar Policy
42:198–209

CPA (2011) Guidelines for offshore environmental monitoring on
the Norwegian continental shelf. Climate and Pollution Agency,
TA- 2849/2011, 50 p

Durden JM, Murphy K, Jaeckel A, Van Dover CL, Christiansen S,
Gjerde K, Ortega A, Jones DOB (2017) A procedural framework
for robust environmental management of dee-sea mining
projects using a conceptual model. Mar Policy 84:193–201

EPAWA (2012) Environmental Impact Assessment (Part IV Divisions
1 and 2) Administrative Procedures 2012. Environmental
Protection Authority, Western Australia (EPAWA)

EPAWA (2017) Instructions on how to prepare Environmental
Protection Act 1986 Part IV Environmental Management Plans.
Environmental Protection Authority, Western Australia (EPAWA)

EU (2013) Directive 2013/30/EU of the European Parliament and
of the Council of 12 June 2013 on safety of offshore oil and
gas operations and amending Directive 2004/35/EC. Official
Journal of the European Union, L 178/66

Harmsen JHM, Roes AL, Patel MK (2013) The impact of copper
scarcity on the efficiency of 2050 global renewable energy
scenarios. Energy 50:62–73

Hein JR, Mizell K, Koschinsky A, Conrad TA (2013) Deep-ocean
mineral deposits as a source of critical metals for high-and
green-technology applications: comparison with land-based
resources. Ore Geol Rev 51:1–14

Hoyt SP, Pendleton LH, Thebaud O, Van Dover CLC (2017)
Addressing the financial consequences of unknown environmental
impacts in deep-sea mining. Annales des Mines 2017/1(85):
43–48

ISA (2010) Decision of the assembly of the International Seabed
Authority relating to the regulations on prospecting and
exploration for polymetallic sulphides in the Area. ISBA/16/
A/12/Rev.1 (15 Nov 2010), International Seabed Authority

ISA (2012) Regulations on prospecting and exploration for cobalt-



Regulating Deep Sea Mining 299 

rich crusts. ISBA/18/A/11, International Seabed Authority
ISA (2013a) Regulations on prospecting and exploration for

polymetallic nodules in the Area. ISBA/19/C/17 (22 Jul 2013),
International Seabed Authority

ISA (2013b) Recommendations for the guidance of contractors
for the assessment of the possible impacts arising from
exploration for marine minerals in the Area. ISBA/19/LTC/8
(1 Mar 2013), International Seabed Authority

ISA (2015a) Addressing serious harm to the marine environment
in the regulations for the exploitation of mineral resources in
the Area. ISBA/21/C/13 (8 Jun 2015), International Seabed
Authority

ISA (2015b) Annex V. Reporting standard of the International
Seabed Authority for mineral exploration results assessments,
mineral resources and mineral reserves. In: ISA (ed)
Recommendations for the guidance of contractors on the content,
format and structure of annual reports. ISBA/21/LTC/15 (4
Aug 2015), International Seabed Authority, pp 22–34 

ISA (2016) Data management strategy of the International Seabed
Authority, ISBA/22/LTC/15 (16 Jun 2016), International Seabed
Authority

ISA (2017a) A discussion paper on the development and drafting
of regulations on exploitation for mineral resources in the
Area (environmental matters). International Seabed Authority,
101 p

ISA (2017b) Development of environmentally responsible mining
technologies: towards an approval process for mining equipment.
ISBA/23/C/5 (1 Jun 2017), International Seabed Authority

ISA (2017c) Draft regulations on exploitation of mineral resources in
the Area. ISBA/23/LTC/CRP.3* (8 Aug 2017), International
Seabed Authority

ISA (2017d) Draft regulations on exploitation of mineral resources in
the Area. ISBA/23/C/12 (10 Aug 2017), International Seabed
Authority

ISA (2017e) Background note on the legal basis for impact reference
zones and preservation reference zones. International Seabed
Authority workshop on the design of impact reference zones
and preservation reference zones, Berlin, 27–29 Sep 2017, 15 p

ISA (2017f) Towards an ISA environmental management strategy
for the area. Report of an International Workshop convened
by the German Environment Agency (UBA), the German
Federal Institute for Geosciences and Natural Resources (BGR)
and the Secretariat of the International Seabed Authority
(ISA), ISA Technical Study No. 17, 122 p

ISA (2018a) Status of contracts for exploration in the Area. ISBA/
24/C/5 (16 Jan 2018), International Seabed Authority

ISA (2018b) Preliminary strategy for the development of regional
environmental management plans for the Area. ISBA/24/C/3
(16 Jan 2018), International Seabed Authority

ISA (2018c) Briefing note to the Council on the submissions to the
draft regulations on exploitation of mineral resources in the

Area. ISBA/24/C/CRP.1 (21 Feb 2018), International Seabed
Authority

ISA (2018d) Statement by the President of the Council on the
work of the Council during the first part of the twenty-fourth
session. ISBA/24/C/8 (13 Mar 2018), International Seabed
Authority

ISA (2018e) Strategic plan for the International Seabed Authority
for the five-year period 2019–2023. International Seabed
Authority, 16 p

ISA (2018f) Report of the Chair of the Legal and Technical
Commission on the work of the Commission at the first part
of its twenty-fourth session. ISBA/24/C/9 (26 Apr 2018),
International Seabed Authority

ISA (2018g) Draft regulations on exploitation of mineral resources
in the Area. ISBA/24/LTC/WP.1, 29 (29 May 2018), International
Seabed Authority

ISA (2018h) Draft regulations on exploitation of mineral resources in
the Area. ISBA/24/LTC/6 (29 May 2018), International Seabed
Authority

ISA (2018i) Environmental impact statement template. ISBA/24/
LTC/WP.1/Add.1 (29 May 2018), International Seabed Authority

ISA (2018j) Submissions to International Seabed Authority’s draft
regulations on exploitation of mineral resources in the Area.
International Seabed Authority. https://www.isa.org.jm/files/
documents/EN/Regs/2017/List-1.pdf Accessed 10 Feb 2018

Jaeckel A (2016) Deep seabed mining and adaptive management:
the procedural challenges for the International Seabed Authority.
Mar Policy 70:205–211. doi: 10.1016/j.marpol.2016.03.008

Lim S-C, Wiklund H, Glover AG, Dahlgren TG, Tan K-S (2017) A
new genus and species of abyssal sponge commonly encrusting
polymetallic nodules in the Clarion-Clipperton Zone, East Pacific
Ocean. Syst Biodivers 15:507–519. doi:10.1080/14772000.
2017.1358218

Lipton I, Gleeson E, Munro P (2018) Preliminary Economic
Assessment of the Solwara Project, Bismarck Sea, PNG.
Nautilus Minerals Niugini Ltd, 242 p

Lodge M, Johnson D, Le Gurun G, Wengler M, Weaver P, Gunn V
(2014) Seabed mining: International Seabed Authority
environmental management plan for the Clarion-Clipperton
Zone. A partnership approach. Mar Policy 49:66–72

Lodge MW, Segerson K, Squires, D (2017) Sharing and preserving
the resources in the deep sea: challenges for the International
Seabed Authority. Int J Mar Coast Law 32:427–457

Madureira P, Brekke H, Cherkashov G, Rovere M (2016) Exploration
of polymetallic nodules in the Area: reporting practices, data
management and transparency. Mar Policy 70:101–107

MFENZ (2012) Exclusive Economic Zone and Continental Shelf
(Environmental Effects) Act 2012. Ministry for the Environment,
New Zealand (MFEMZ)

MFENZ (2016) New Zealand’s experiences with adaptive management
for seabed mining projects: a submission to the International



300 Brown, C. G. 

Seabed Authority to support the development of a regulatory
framework for the exploitation of seabed minerals. Ministry
for the Environment, New Zealand (MFEMZ)

MIDAS (2017) Managing impacts of deep sea resource exploitation:
research highlights. https://www.eu-midas.net/sites/default/
files/downloads/MIDAS_research_highlights_low_res.pdf
Accessed 15 Feb 2018 

MIDAS (2016) Report on the implications of MIDAS results for
policy makers with recommendations for future regulations to
be adopted by the EU and the ISA. Deliverable 9.6, Managing
Impacts of Deep Sea Resource Exploitation (MIDAS), 59 p

ODPM (2002) Marine mineral guidance 1: extraction by dredging
from the English seabed. The Office of the Deputy Prime Minister
(ODPM), 23 p

OSPAR (2007) OSPAR guidelines for risk assessment and management
of storage of CO2 streams in geological formations. OSPAR
07/24/1-E 

Sharma R (2011) Deep-sea mining: economic, technical, technological
and environmental considerations for sustainable development.
Mar Technol Soc J 45(5):28–41

Sharp BR, Parker SJ, Smith N (2009) An impact assessment
framework for bottom fishing methods in the CAMLR
Convention Area. CCAMLR Sci 16:195–210

UNEP (2007) Global Environment Outlook (GEO-4): summary
for decision makers. United Nations Environment Programme,
Valletta

UN/OLA (1982) United Nations Convention on the Law of the
Sea (UNCLOS). Office of Legal Affairs, United Nations

US/GPO (1989) 15 CFR 971 - Deep seabed mining regulations for
commercial recovery permits (30 U.S.C. 1401 et seq). U.S.
Government Publishing Office

Van Dover CL (2011) Mining seafloor massive sulphides and
biodiversity: what is at risk? ICES J Mar Sci 68(2):341–348.
doi:10.1093/icesjms/fsq086



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 225
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 225
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 225
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


