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1. Overview

The Workshop ‘Aligning project development, technology and ecosystem needs in deep-sea mining’ was
hosted by Royal IHC at the Oude Bibliotheek Academy, Delft, The Netherlands on April 20th, 2016. The
workshop was an initiative of Royal IHC, on request of the EU within the EU-funded project ‘Blue Mining’,
with the aim of bringing together professionals in the technology and the environment fields from both
FP7 projects ‘Blue Mining’ and ‘MIDAS’. The objectives of the workshop were to discuss the deep-sea
ecosystem needs, to consider ways to tackle potential environmental impacts and to examine the
opportunities for the applicability of the ‘Exploration, Environment and Development Decision (DEED)
Framework’ in deep-sea mining projects.

The one-day workshop had three main blocks. The first block consisted of three presentations
addressing ecosystems and environmental needs, the life cycle of a mining project, and the introduction
to the DEED Framework initiative in the context of deep-sea mining. The second block, ‘Workshop round
1’, focused on alternatives for tackling potential environmental impacts along the life cycle of a project.
The third block ‘Workshop round 2’, explored the applicability of the DEED Framework for deep-sea
mining projects.  The workshop closed with a final plenary discussion and set up action items.

This  report  provides  a  summary  of  the  three  blocks  of  the  workshop  (sections  2  and  3)  and  draws
conclusions (section 4). Insights from this workshop will be further discussed at the ‘ISA/Griffith
University Workshop on Environmental Assessment and Management for Exploitation of Deep-seabed
Minerals’  in May 2016.
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2. Presentations, comments and discussion

A summary of the presentations, main comments and discussion is presented below.

2.1. MIDAS project, technological challenges to reduce environmental impacts. By Phil Weaver

The MIDAS project is investigating the nature and scales of the potential impacts of deep-sea mining.
Mining of polymetallic nodules can create different types of sediment plumes at the seabed and in the
water column. These plumes could extend the area impacted by mining by a significant amount and
extend beyond the licence area creating transboundary impacts. The main challenge is to determine the
area where the ecosystems are significantly impacted by the plumes as well as the impact variation.
Oceanographic modelling shows a patchy and sinuous behaviour of sediment plumes in the water
column.

Understanding the behaviour of the plumes is important for the development of mining and monitoring
technology and methods. Studies in the Clarion-Clipperton Zone show higher species diversity and
population density in areas where nodules are present compared to areas where nodules are scarce or
absent. This is due to the nodules providing additional habitat. Thus when the nodules are removed, the
ecosystem is unlikely to ever return to the original state. Research on the recolonization and recovery of
ecosystems associated with polymetallic nodules shows very slow or no recovery within the time frame
of the studies. The reasons for this may include destruction of the fragile surface sediment layer where
most of the organisms live, hard substrate removal, sediment compaction, sedimentation from the
plume, and habitat fragmentation. Possible biological impacts include decrease in biodiversity and
species extinction.

As concluding remarks: MIDAS has identified potential impacts that set challenges for technology design;
this workshop aims at identifying possible design alternatives. Protocols and standards are needed for
the development of mining equipment so that environmental requirements are taken into account from
the beginning of a mining project. Other areas for development of standards include: environmental
baseline, monitoring, scoping of the Environmental Impact Assessment (EIA) and environmental
management during operations.

2.2. Stages in the life cycle of a mining project. Perspectives for marine mining projects. By Andrina
Drost

The key take-away message of this presentation: ‘it is all about confidence’.

A first example on how confidence in the geological interpretation is necessary for a successful project
was  presented.  An  initial  geological  model  by  the  firm  ‘Rubicon’  estimated  a  great  proportion  of  a
deposit to be a high-grade gold domain in 2013. In 2016, a revised geological interpretation showed that
the high grade was explicitly located in a small domain of the deposit.  This is a fundamental issue for
setting up the business model of the mining project. Certainty in the estimation of resources is the
foundation of a successful mining project.

A mining project lifecycle is composed of four main phases. The exploration phase, defining the deposit
resources, includes the planning, target appraisal, resource definition and finally reserve definition. The
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evaluation phase consists of a series of studies demonstrating the technical and economic feasibility of
the project. Those are: pre-master plan, pre-scoping study, pre-feasibility plan and definitive master
plan. These studies or sub-phases progress as more information becomes available from the exploration
phase. With a feasibility study, detailed information is sufficient to develop a mining pilot. The success of
the pilot can lead to the start of the construction phase, which also contains the equipment and mine-
construction sub-phases. Parallel to all phases is the operational phase. This should include the
environmental and legislative studies. Operation of the mine starts once construction is finalised. The
mine closure and rehabilitation are considered part of the operational phase.

Codes for reporting of exploration results, resource and reserve definitions set minimum standards for
public reporting. Two codes are internationally recognised: JORC (Australia) & NI 43-101 (Canada).

Developing confidence along the project life cycle with more data and information is fundamental for
managing and controlling of the project finances, decision making and risk mitigation. Premature license
applications for marine mining projects with low data confidence and poor stakeholder engagement
have resulted in permit refusals.

2.3. DEED, an integrated decision-making framework for seabed mining projects. By Aleyda Ortega

The deep-sea mining industry faces challenges in exploration, exploitation and environmental
sustainability, particularly in the deep ocean regions of the high seas. In the absence of exploitation
regulations and of tried and tested commercial operations, there is no generally accepted set of criteria
for projects to demonstrate the use of best operating practices and technologies.

To assist communication and understanding between key stakeholders, Royal IHC has formulated the
‘Decision, Exploration, Environment Development (DEED) Framework’. The DEED framework is
developed for deep-sea mining projects and includes four main activities: 1) exploration; 2) resource
assessment, evaluation and planning; 3) extraction, lifting and surface operations; and 4) mine closure.
Other activities, such as offshore and onshore logistics and processing, are not within the scope of the
framework.

The objective of the DEED Framework is to integrate the project exploration, environmental and
development programmes of a mining project into one systematic decision-making process. This is
possible by identifying all the project sub-phases for each programme and aligning them into key
decision moments. These key decision moments require a given level of detail for data, information,
reporting and other evidence necessary to assess whether the project can proceed in time.

This approach reduces total project risks for a mining company whilst increasing transparency,
understanding and managing expectations between all stakeholders, particularly the contractors and
the regulatory agency for the deep sea in areas outside national jurisdiction, the International Seabed
Authority (ISA). The DEED Framework thereby aims to encourage the adoption of best practice from all
stakeholders towards creating environmentally sustainable seabed mining projects.

At  the  moment,  the  DEED  Framework  is  generic.  It  requires  adaptation  for  a  specific  deposit  (e.g.,
polymetallic nodules). Also, data, information, reporting and other evidence need to be determined per
project phase and key decision point.

The DEED Framework concept is presented below.
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The DEED Framework (Decision, Exploration, Environment and Development). This generic integrated decision framework
requires further adaptation for deep-sea mining projects. The dotted lines indicate the alignment of key decision moments for
the exploration, environmental and development programmes and phases of a project. Different decisions along the lifecycle of
a mining project require different levels of certainty. Author: Aleyda Ortega.

Presentations: main comments and discussion

· Can ‘no recovery’ be attributed to removal of substrate and/or to the natural usually low metabolism
and  slow  processes  of  deep-sea  ecosystems?  The  timeframe  of  recovery  and  impact  is  not  well
understood,  because the operative time scales for these processes in the deep-sea are still unknown.
Could we kick-start recovery by carbon enrichment? Careful testing of this alternative is
recommended.

· There are common guidelines for resource estimation and public reporting, there are no common
guidelines for deep-sea mining at the exploitation stage and particularly for mining of polymetallic
nodules; these guidelines are a required milestone for the industry to be able to proceed.

· For deep-sea mining projects, it is recommended that the ‘environmental license’ is obtained before
the exploitation license.

· Each of the phases in the DEED Framework should be further developed. It is recommended that for
each phase specific conditions and criteria are formulated by an expert working group, given that
each requires several studies and much information to be taken into account.

· DEED will encourage reporting by contractors and communication with the Authority and other
stakeholders, both during exploration and exploitation activities.

· Baseline conditions (biological, chemical and physical) of a mining project require analysis against
regional and bioregional conditions. It is necessary that contractors pool these data to reduce
uncertainty.
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3. Workshop sessions

The main findings during the workshop sessions are summarized.

3.1. Workshop round 1: Tackling potential environmental impacts along the life cycle of a project

The main objective of this round was to identify actions that can minimise the impact of deep-sea
mining operations. Five issues were discussed: changes in sediment nature and local topography;
benthic plumes; hard substrate (nodules) removal; disposal of sediment, waste and other effluents; and
design and placement of impact preservation areas and reference areas.

Changes in sediment nature and bathymetry: this includes sediment removal, soil compaction, sediment
re-deposition, changes in particle size distribution, removal of nodules (depending on the upper and
lower collection limit for the size of nodules of a mining tool or collector). The main environmental
effects of these changes can include biodiversity changes, reduction of biomass, biochemical changes,
loss of organic matter, habitat loss. This issue has been addressed in several engineering projects
worldwide assessing the associated impacts. A final design of the nodule collector and collection
methods should be based on actual experience with pilot mining in the deep sea, as current
understanding is not sufficient. Knowledge sharing between contractors is necessary; this will contribute
to minimise adverse effects. This will also encourage better designs by implementing lessons learned in
other projects. Technologies to reduce and control this issue can be implemented in the nodule
collecting and vertical transport systems. Reducing the sediment intake when collecting the nodules will
reduce the plume from the return water and reduce energy consumption. Adaptive management can be
implemented to control this issue in design, pilot mining and development. To understand the impacts,
monitoring of the issue should start at the baseline, when testing and changing technology and during
operation. Emphasis on monitoring at early stages and during pilot mining is required. It is
recommended to integrate monitoring devices in the mining equipment.

Benthic plume: benthic plume is hereby understood as the sediment plume generated by the
disturbance from operations at the seabed. The issue is still not well understood; many unknowns
remain on the temporal and spatial scales. Limited research has been done, particularly on the sediment
behaviour of small particles in deep sea areas. Prediction of impact should be done at the start of a
mining project and by employing the lessons learned from other industries.

Hard substrate (nodule) removal: this issue is important as biodiversity and species population density
are associated with the presence of nodules at the seabed. The nodules are the hard substrate for a
particular group of species that cannot live in or on soft substrata, such as sediments, and must attach
themselves to nodules. It is unknown whether the species attach to the hard substrate also due to its
chemical composition. Furthermore, such species, (e.g., sponges) attached to nodules may themselves
become a micro-habitat for other species. Research shows that removing the nodules from the seabed
will result in little or no recovery of this fauna, at least over the studied period of nearly four decades.
This is a very important issue, particularly if mining of nodules extends over very large seabed areas. This
could adversely affect the integrity of the whole ecosystem. Nodules, and hence their attached fauna,
could also be smothered by settling of sediment plumes on them. Biodiversity in the sediment of the
seabed is concentrated in the top few centimetres. With the removal of nodules and the disturbance or
removal of the top layer of the seabed there is a high risk of biodiversity loss. Main knowledge gaps are
in assessing the degree of biodiversity loss and potential for ecosystem recovery. More research is
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needed on species’ lifecycles, connectivity between populations, relationship between biodiversity and
the physico-chemical characteristics of the nodules, etc. This issue can be identified already at the
scoping and pre-feasibility stages of a project, possibly when determining inferred resources. This issue
could possibly be addressed by setting ‘preservation reference zones’ inside each mining claim. The EIA
should seek to identify a minimum area and required spacing of these preservation zones. Another
mitigation measure could involve replacing mined nodules with artificial nodules; this, however, should
be tested. At the beginning of the EIA process there may be considerable uncertainty over how much
mining can take place without threatening the integrity of the ecosystem. At the scale of licensed areas,
the  contractors  and  the  ISA  could  set  a  maximum  area  to  be  mined,  allowing  for  monitoring  and
adaptive management.

Disposal of sediment: to limit environmental impact it is clear that as little sediment as possible should
be brought to the surface. This is possible when sediment is separated from the nodules at the seabed.
The remaining sediment brought to the surface needs to be filtered at the mining vessel. The return
water, that may include fine sediment (<60µm), should be returned to the seabed or the water column
in a controlled way and according to the requirements of the best studied location for its return.

Design and placement of impact preservation and reference areas: appropriate environmental criteria
should be used to determine these areas, including the issues specified above. Adaptive management
and related monitoring should be incorporated along the life cycle of a project. Monitoring should be
continued after the closure of the project. Guidelines to design, allocate and manage these areas are
necessary.

3.2. Workshop round 2: Exploring the applicability of the DEED Framework for deep-sea mining
projects

The  main  goal  of  this  section  was  to  assess  the  overall  framework  and  its  applicability  for  deep-sea
mining projects. The DEED Framework has two main applications: first, as a tool for the decision-making
process of mining companies and second, as regulatory input. This workshop session focused on the use
of the framework as regulatory input, initially for the ISA.

General comments on the applicability of DEED as input to the ISA are:

The implementation of DEED, as a private sector initiative, would allow for more transparency both by
contractors and the ISA, particularly about sharing of environmental data and information.

The framework provides a practical understanding of the life cycle of a project and the environmental
requirements at each project phase. A developed framework for deep-sea mining projects would enable
the ISA to recognise the life cycle of a project and the exploration, environmental and development
requirements for permitting issues.

To prevent serious harm to the marine environment and to be able to monitor impacts, an early plan
should incorporate the setting aside of impact and preservation reference zones, the potential mining
sites and the areas of influence by the potential impacts. Environmental monitoring should be an
obligation established by the ISA. To allow for post-mining monitoring and rehabilitation it is
recommended that the ISA set up a Trust Fund.

In order to assess the data, information, reporting and other evidence necessary in each of the project
phases, it is recommended that the ISA sets up an independent environmental inspectorate or
regulatory  body.  Also,  for  further  development  of  the  framework,  it  is  recommended  that  density  of
data sampling and monitoring are studied for each of the project phases and key decision points. This
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will  enable  the  ISA  to  assess  data  use  and  reliability.  An  indication  of  the  level  of  certainty  on
information and conclusions at each phase is also recommended. This would allow the ISA and
contractors to increase clarity on permit requirements and performance assessment at each phase.

Test mining is recommended before the initiation of a full-scale mining project. This is required to test
environmental management practices and understanding impacts.

The MIDAS project is setting up recommendations for environmental management of deep-sea mining
projects. It is recommended that this input is brought together with the DEED Framework.

Additional recommendations on the DEED framework are:

It is recommended that the framework is adapted to the case of polymetallic nodules with well-defined
and aligned project phases for the exploration, environmental and development programmes. A time
line can be implemented. Additionally, the framework can form the basis for structured and transparent
guidelines. This requires inclusion of an indicative level of detail for data and information, sampling
density, reporting and other requirements, as well as an indication of certainty for the assessment of
each phase. It is important to note that sharing of information is delicate and information on the
technology and the business case of a mining company should not be made public. Other information on
resources and the environment has a public character and should be used for regional environmental
management.

It is recommended that for deep-sea mining operations, many of the steps to assess the environmental
impact proposed by DEED are taken before the feasibility study. Environmental assessment should be
started in parallel with exploration and resource estimation. Also, it is recommended that the
framework includes an overview of the regulatory and adaptive management actions. Scoping of the EIA
must be done earlier, parallel to the initiation of the exploration programme when inferred resources
are estimated.

At the key decision point one (where the environmental baseline and the initial characterisation of the
ecosystems are completed) it should be evaluated whether the baseline study is sufficient. Also at this
point it should be determined whether an ecosystem is too vulnerable according to the preliminary
evaluation of mining methods and technology. These criteria can determine a go/no go assessment at
this phase on whether the project should continue or whether it needs to implement additional
measures (adaptive management).

The framework should allow for consultation with the ISA, as the evaluation of each of the phases is an
iterative process. This involves: the provision of data and information, reporting and other evidence by
the contractor; the provision of feedback and requests for additional information by the ISA; the
response and provision of additional requirements by the contractor; and other obligations, until final
decision of the ISA.
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4. Conclusions

MIDAS has identified environmental issues that can be reduced through the design of mining technology
and methods. Examples of the issues are the loss of ecosystem integrity in the mined areas and under
areas impacted by the benthic plumes generated at the seabed. Many of these issues can be controlled
with the nodule collector technology, e.g., by separating the loose sediment from the nodules at the
seabed. Pilot mining is necessary to test the performance of the equipment, the mine plan and to assess
environmental impact.

A mining project can only be successful when sufficient confidence is achieved. Resource estimates
given without associated levels of certainty at different stages of a project may result in erroneous
decisions. Minimum standards for exploration results, resource and reserve definitions are set in
internationally accepted codes. However, there is no standard for integrated management of projects.

Protocols and standards for environmental management of deep-sea mining are needed. The DEED
Framework addresses the integration of the exploration, environment and development programmes of
a deep-sea mining project into one systematic decision-making process. The establishment of best
practice criteria for the assessment of a project enables transparency and communication among
different stakeholders. It is recommended that the DEED Framework is fully developed for the case
‘mining of polymetallic nodules’ in the deep sea (in the ISA’s area of jurisdiction) so that the framework
can assist the ISA in the development of exploitation regulations. With recommendations on the data,
reporting and other evidence, the ISA and contractors can increase clarity on data sharing, permit
requirements and performance assessment at each project phase. It is recommended that the ISA
appoint an independent environmental inspectorate or regulatory body. The framework also provides a
practical overview of the life cycle of a project and the environmental requirements, which will support
the development of the ISA exploitation regulations.

5. Follow-up Actions

As follow-up actions, the report of this workshop will be shared among the participants. The outcome of
the workshop and report will also be shared with the ‘ISA at the Griffith University - ISA Workshop on
Environmental Assessment and Management for Exploitation of Deep Seabed Minerals’  in May 2016.
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