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ABSTRACT

Due to an increase in industrial demand and limigeghilability of mineral
resources on land, it is imperative to explore @xgloit the resources available on
the seafloor. A pragmatic approach must be adoptedsessing, exploiting and
utilising these resources by completing comprelvensesearch and exploration
prior to deep sea mining activity. If looking atigting offshore oil and gas
industry, it will be same depth, similar challengesl only different in materials.
Since this industry has been developed in techmedoglegislation and
environmental law, which will be compared with dessa mining; what makes it
different?

The main objective of thesis is to perform an amsesit in all aspects of deep-sea
mining and to find out what is different with oftste oil and gas applications. The
research will be started study on the seabed andesources, seabed law,
background and framework of international seahataity which is authorized
for producing deep sea mining licenses, currenesruand regulations for
exploration and exploitation. environmental effefttesn mining acitivity and its
management plan. One of current ongoing projecthasen as case study and
will be examined on proposed seafloor productiosteays as show in below
figure. Comparison with offshore oil and gas apgimns is based on Llyod’s
Register current offshore units rules and condualbat is equivalent and what is
missing. Results from the comparison are prodwagédremarks which LR have
to do in the future. Finally, conclusion is madehaverall work through this

study.
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1 INTRODUCTION

Forecasts of global trends and transformation mseEe in the next 25 to 50 years outline
sustainable development, power and economy transitirom West to East, growth of the
world’s population and technological progress tlead to severe energy, mineral, food and
water scarcities. These resources supply uncadsilgad to controversial debates on seabed
exploitation. In fact 71% of world is covered byeans with the seabed being proposed to
provide significant amounts of needed minerals;dsganisms and energy.

These resources and its environment are vastlyploed. For a long time it has been
believed that the seabed with its extreme tempexasalinity and light conditions bears no
use to mankind. The HMS Challenger expedition betw#872 and 1876 changed this view
significantly and discovered mineral rich polymbtalnodules on the seafloor. Further
research expeditions in the 1960s and 1970s ideshtthriving marine life and seafloor
massive sulphides in and around hydrothermal vienteep sea waters. Marine life on the
seabed may hold future life-sciences or energytisolst. One example is macro algae
cultivation, which is now being developed for biefufood and fertilizer applications.
However, the feasibility of exploiting seabed reses is subject to the engineering solutions
and their economic prospects.

Deep sea mining is a relatively new mineral retalgerocess that takes place on the ocean
floor. Ocean mining sites are usually around laageas of polymetallic nodules or active and
extinct hydrothermal vents at about 1,400 - 3,70®efow the ocean’s surface. The vents
create sulfide deposits, which contain valuable atsetsuch as silver, gold, copper,
manganese, cobalt, and zinc. The deposits are nuisiad either hydraulic pumps or bucket
systems that take ore to the surface to be prodessewith all mining operations, deep sea
mining raises questions about potential environalemtnpact on surrounding areas.
Environmental advocacy groups such as Greenpeagedrgued that seabed mining should
not be permitted in most of the world's oceans bseaf the potential for damage to deep sea
ecosystems.

The international law—based regulations on deepnsgdng are contained in the United
Nations Conventions on the Law of the Sea from 1®&/3982, which came into force in
1994. The convention set up the International Seabed &itth (ISA), which regulates

nations’ deep sea mining ventures outside eaclomiatExclusive Economic Zone (a 200-
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nautical-mile (370 km) area surrounding coastalona). The ISA requires nations interested
in mining to explore two equal mining sites andntune over to the ISA, along with a
transfer of mining technology over a 10- to 20-ypariod. This seemed reasonable at the
time because it was widely believed that noduleimginvould be extremely profitable.
However, these strict requirements led some ingliged countries to refuse to sign the

initial treaty in 1982.

1.1 Motivation

Forecasting the market for demand and supply oferais and metals is a complex task.
History has shown us the failure of the overly opstic market forecast in the late 1970s in
terms of consumption levels and prices, which ¢ffety delayed full-scale commercial
deep-sea mining for more than 30 years (Antrim 2008e attention grew back in the last
decade with marine mineral mining being in reseanett commercial focus again and there
have been many developments over the past two égcdthese include improvements in
political and legal issues related to internationalters, the growing economies of BRIC
(Brazil, Russia, India and China) and other devielppnations, a growing interest in
renewable energies and green technologies whigbeirs more demand in certain types of
minerals, and rapid progress in oil and gas teduies for deep water. These factors
combined with issues such as rising demand andeqoesitly rising prices of minerals and
commodities worldwide, and uncertainty of land-luhseineral supplies, contribute to our
motivations for this study on deep-sea mineral veop

The rising demand in minerals has driven metalgsriap. The market trends of copper,
cobalt, nickel and manganese have risen dramaticakr the last 10 years. The price of
copper for example, has tripled while those of tipbackel and manganese have doubled
since 2002 (ISA 2008a). Each of the four minerxigegienced a steep rise in price before
2007 followed by a steady decline during the 20068nemic crisis. Nevertheless, as the
global market is recovering, so are the metal pridéhis trend of increasing metal prices
makes the mineral markets an attractive investnfentboth private and government
enterprises. At present, under the United Natiomsv€ntion on the Law of the Sea
(UNCLOS), any country or deep sea mining compaay wWishes to exploit the seabed needs

an exploration contract from ISA. There has beedramatic increase in the number of
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applications for such contracts. Five years agoetlvgere just six projects in international
waters, now there would expect to be 26 by thecér14.

Renewable energies and green technologies havedesefoped progressively to reduce the
amount of pollution. Both sectors will inevitablygger huge additional demands in certain
type of minerals once their applications are firnclymmercialised. One example is the
transition to hybrid (petro-electric) automobildsgoeen technologies. This whole design uses
the concept of an on-board battery to power theoylsbon. The current raw mineral for
battery is nickel, and the alternative is cobaith& one of these two types of battery would
significantly increase demand of nickel and/or do@@ntrim 2005).

The world’s undersea reserves are estimated tadecllO billion tonnes of polymetallic
nodules. On average, the most promising of thepedis will break down to about 30%
manganese, 1.5% nickel, 1.5% copper, and 0.3% tcabahort, the ocean floor is home to a
staggering quantity of useful minerals and theggosliés also contain smaller traces of rare
earth elements. Many of these are used in elecsoand in the manufacture of ‘clean
technologies’, such as wind turbines and hybrids.cdihese elements are technically by-
products of the mining process, but they are dgvin lot of new commercial interest.
Japanese geologists estimate that a single 22p&ith of seafloor might contain enough rare
earth materials to sustain global demand for a.year

Another interest in deep sea mining is motivatednfithe oil and gas sector. Rising demand
and prices of hydrocarbon and shortage of shallatemreservoirs push offshore exploration
and drilling to deeper water, which nowadays easlyges from 1,000 m to over 3,000 m.
Technologies in offshore engineering have been Idped for deep water. One of the
applications suitable for deep-sea mining is tlvhrielogy of riser, a pipe system connecting
a drilling platform to a reservoir well. The saneetinology can be applied to deep-sea mining
to transport the extracted minerals vertically frdhe seabed to the surface for further

processing.

1.2 Objectives
The specific objectives of the study and all theeasments are presented as follows.
1. Study the geological features of sea bed and itnmaninerals resources which could

be extracted for commercial production.
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2. Assess with international organization’s rules aedulations which is currently
published for exploration and exploitation.

3. Examine the benchmark work of other classificagonieties.

4. Study on the environmental impacts resulted frorepdsea mining and mitigations
plan to recover the environment.

5. Make a case study on ongoing projects and theifle@aproduction system.

6. Compare the proposed seafloor production systemtivé application tools which are
used in Offshore Oil and Gas industry.

7. Draw the results that what can be applied in degpmsining and what is missing in
current LR offshore rules and regulations.

1.3 Comparison between Land-based Mining and Deepe& Mining
Comparing land with deep-sea mining, it is obvithigt to conceptualise and execute, the
latter will be more costly. There are also furtibBeallenges for deep-sea mining in terms of
environmental, geo-political and legal-social issuehich will be discussed subsequently.
However, there are several advantages to deepasmaland mining, which are briefly
summarised as follows:

» Smaller footprint due to less overburden
Open excavation in the case of land mining meaas #&ach operation normally leaves
considerable footprints during and after the minprgcess. This is mainly because of the
need to remove a large amount of overburden, unthch the resources are locked. The
footprint in the case of deep-sea mining would i@lker as most of the resources are either
lying on the seafloor or buried by only severaltoaetres of sediments or clay.

e Less permanent infrastructure
Each land mine requires permanent infrastructuoh €1 roads and towers. This is not the
case for deep-sea mining as everything is conttdiiem the surface via movable floating
ships or barges. Thus, there will be less permamdrdastructure needed. Once a plot of
seabed has been fully mined, all the facilities lsareasily moved and deployed to another 23
area. In terms of long-term capital cost, deeprsgang may be compatible with or cheaper
than land mining.

» Less populated ecosystem to be affected
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It is generally accepted that the open mining apgiaon land, which includes activities such
as deforestation, disturbs the local ecosystenhefeixploited area. Birds and other species
have to find new habitats, and it is unlikely tttzy will be able to re-occupy the mined area
due to the substantial footprint left behind attee operation. Deep-sea mining, on the other
hand, will impact upon a smaller populated ecosystear the seafloor, where the absence of
light prevents photosynthesis. There will howeversbme effects on the ecosystems of local
species, such as benthos, which manage to surviiew sunlight. Nevertheless, the overall
impact is significantly less in comparison to lamthing; the smaller footprints left by deep
sea mining could allow the ecosystem to re-occhpyhiabitat.

* Rich in mineral diversity
Land mining is usually conducted for one single enath, for example coal, gold, nickel, etc.
A particular type of mineral is more uniform in ar@in area, such as nickel in Russia and
cobalt in Congo. On the other hand, there are sievetements in each deposit from the deep
sea. Hence, multiple minerals can be obtained faosingle mining operation. Manganese
nodule is a clear example. Nodules are multi-minemes containing manganese, iron, nickel,
cobalt, copper and some rare earth elements (REE#)garwal, P Hu, M Placidi, H Santo, J
J Zhou, 2012)

1.4 Outline of the Report

The following paragraphs give a brief summary @&f slections within this book.

Section lintroduces the history of deep sea mining, presdr@smotivation and objectives
and concludes by presenting the overall structtitbeopublication at hand.

Section tarts with a definition of seabed that is usedughout this book. It introduces the
geological features of seabed, relevant minerabsieplocated on the seabed and their prices
on the market in economic view, the environment acdsystem that are discussed for
exploration and exploitation.

Section 3presents an overview of the legal environment afpdsea mining industry by
introducing the legal authorities in place andttleeirrent rules and regulations in national and
international waters.

Section 4assesses the international research activitiesdrthe world where exploration or
environmental research is done. Then, the Germdnla@anining activities in Pacific Ocean

is approached and European Union (EU) funded ctingoand their events are presented.
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Section 5discusses the general environmental impacts arisong deep sea mining and
examines the previous experience of nodules exporatest. The potential impacts,
mitigations and residual impacts of Seafloor Mas$Sulphides (SMS) of Solwara Project are
assessed.

Section 6reviews the Nautilus Minerals Inc. Project as cstsely and made assessments on
the seafloor production systems of SMS depositsidineg Production Support Vessel (PSV),
Riser and Lifting System (RALS) and Seafloor Prdguc Tools (SPTs). Moreover,
environmental impacts and mitigations on Solwamrdject are reviewed. Then, legal and
environmental regulations of the exploration use8aolwara Project are discussed.

Section 7compares the sea floor mining tools with currerta®d Gas applications tools and
discusses what is missing and what can be applietfshore rules and regulations which LR
is established.

Section 8 concludes with overall work of the aboliapters.
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2 THE SEABED AND ITS RESOURCES

2.1 Introduction

In the following sections we have defined the terfi®@eabed”, "Exploitation" and
"Exploration”. This gives an overview of the resms available on the seabed and uses of
some of the metals which can be derived from subweewrals. Furthermore, original
environment conditions and ecosystems of marineuress are presented and economic
analyses of raw materials which can be extractech fmarine resources are discussed with
appropriate graphs.

2.2 Definitions

2.2.1Seabed

It is important to know the geological featurestbé sea bed to understand the offshore
mineral deposits and design engineering systemsxXpforation and exploitation of their
resources. Generally, the seabed varies significértm the inshore areas to the greatest
depth of the ocean in diverse landforms includinguntains, valleys, canyons, trenches and
underwater volcanoes. The seabed can be categorisdi/e zones as described bellows and
illustrated in Figure 2.1 (Trujillo and Thurman,120.

- Continental shelf

- Continental slope

- Continental rise

- Abyssal plain

- Mid-ocean ridge.

Continental Shelf: Geologically, the continental shelf is defined asasea from the coast to
water depths of 100 to 200m. The seabed on theneoral shelf gently inclines seawards at
an average slope of about 0.1°. Near major estukatige amounts of sediments are deposited
onto the seabed. The continental shelf is proptsembntain 80% of 7 resources, while the
seabed beyond the continental shelf (roughly 80%h@fseabed) is proposed to contain 20%
of resources.

Continental Slope: The continental slope is a connection area brid¢egcontinental shelf
and abyssal ocean. The water depth changes sajtlffcover a short distance with a steep

slope of 4°. Along the continental slope thereraeay underwater canyons that cut into the
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continental shelf, which are important channelstfer water exchange between the shelf and
the open ocean water. Due to the accumulation dfmemnts, turbidity currents occur
sporadically, so called underwater avalanche.

Continental Rise The continental rise begins seaward of the cental slope and runs down
to a depth of around 3500m, at a flatter gradieantthe continental slope.

Abyssal Plain: The abyssal plain is the flat seafloor area at wdepths from 3,000 to
6,000m in high seas. At the sea bottom the enviesriah conditions are unique with high
pressure, darkness and temperatures of approxingaté€l.

Oceanic Ridge:The oceanic ridge is a continuous volcanic subneanountain chain that
goes around the worlds’ oceans including the Mith#tic Ridge, Pacific-Antarctic Ridge,
East Pacific Rise, Mid-Indian, Southeast and thetl8@est Ridges. The main features of sea
bed are shown in Figure 2.1.

& . Continental shelf

Sea level

Figure 2.1 Sketch of main features of sea bed
Source: Available from (W Flentje, S E Lee, A Viusiaia, S Wang, S Zabeen, 2012)

Other seabed features of interest include seamowhtsh are underwater mountains formed
by volcanic hot spot activity, and mid-ocean ridgekere new seafloor is created as tectonic
plates move apart. The seafloor rock is generalered in sediment, the thickness of which
varies greatly. In general the sediment layer iilsnidésst on the mid ocean ridges and becomes
thicker with distance from the ridges.

2.2.2 Seabed exploitation and exploration

The terms "Seabed exploitation” and "Seabed exjpboracan be defined according to the

definitions provided by the International Seabedh®uty (ISA) for seabed mining.

Seabed exploitation means the recovery for commigpcirposes of a deposit such as an ore,

from the seabed and the extraction of mineralseth@mn, including the construction and
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operation of mining, processing and transportasigstems for the production and marketing
of metals.

Exploration means searching for deposits on théeskathe analysis of such deposits, the
testing of collecting systems and equipment, praingsfacilities and transportation systems,
and the carrying out of studies of the environmienigechnical, economic, commercial and
other appropriate factors that must be taken iotmant in exploitation.

2.3 Resources Available On the Seabed
Oceans cover vast areas, around 80% of the eatlface. In the past few decades the
knowledge of deep seabed resources has increageficaintly, and some believe that deep
sea will become a 21st century strategic developrbase for a variety of natural resources
which may include a deep-sea mining industry, desg-biotechnology industry, deep-sea
technology and equipment manufacturing and othgustrial categories. The main types of
mineral resources that the seabed is rich in, are:

* Polymetallic massive sulphides

» Polymetallic manganese nodules

e Cobalt-rich manganese crusts,

2.4 Polymetallic Sulphides (SMS deposits)

2.4.1 Formation and Distribution

Seafloor Massive Sulphide deposits form on the mc#aor and contain appreciable
concentrations of copper, zinc, gold, silver angeotirace metals. They are the modern-day
equivalents of ancient 'land-based’' Volcanogenisdil@ Sulphide ("VMS") deposits such as
Kidd Creek in Canada. VMS deposits are a majorcuof the world's copper, zinc, lead,
gold and silver.

SMS deposits form on the seafloor in water depthspoto ~4000 m. They form in areas
where new ocean crust is forming, such as seafipoeading centres. Seawater is drawn
down through fractures in the oceanic crust, towardot buried magma chamber at depth
(molten rock body). The heated seawater transfanbosa hot acidic hydrothermal fluid and
convection causes the fluid to rise up again tow#ne seafloor. The hot acidic hydrothermal
fluid leaches metals from the surrounding rocksrdutransport, and may also interact with

other hot fluids rising from the magma chamber. Wtheese hot acidic fluids carrying
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SEAWATER

SULPHIDES

HIGH TEMPERATURE
REACTION

Figure 2.2: Formation of Seafloor Sulphides.

Sourcehttp://www.isa.org.jm/sites/default/files/files/daments/eng8.pdf

dissolved metals and sulphur reach the seaflootqu00°C), they encounter cold ambient
seawater (typically 2°C at 1500 m water depth). Shdden change in conditions causes
metals and sulphur to precipitate out of solutioh raetal-rich sulphide, forming an

accumulation of sulphide material on the seaflobine formation of SMS deposits are

illustrated as shown in Figure 2.2. SMS depositswroonly carry high concentrations of

copper (chalcopyrite) and zinc (sphalerite) in #ddito gold and silver. (Nautilus Minerals,

2014)

__

e

Figure 2.3: Hydrothermal Vents (www.botos.com)
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Most hydrothermal chimneys (as shown in Fig 2.3) &VS deposits have been located in
mid-ocean at the East Pacific Rise, the Southeasti®Rise and the Northeast Pacific Rise.
Several deposits are also known at the Mid-AtlaRtidge but only one has so far been
located at the ridge system of the Indian Oceas.pucity of known sulphide deposits at the
Mid-Atlantic Ridge and the Central Indian Ridgeedplained by the fact that exploration in
these areas has been limited. Only some 5 peré¢hée 0,000 kilometres of oceanic ridges

worldwide have been surveyed in any detail.
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Figure 2.4: Location of Hydrothermal Systems andSSi¢posits at the modern seafloor

Source: http://www.isa.org.jm/sites/default/filéig$/documents/eng8.pdf
In the mid-1980s, additional sulphide deposits wdiseovered in the south western Pacific,
at ocean margins where basins and ridges occuhemsdafloor between the continent and
volcanic island arcs. In these so-called back-prealing centres, magma rises close to the
surface at convergent plate margins where one rtiecfolate slips beneath another in a
process called subduction. These discoveries leextensive exploration of the marginal
basins and the arc and back-arc systems of themestd south western Pacific, resulting in
the discovery of further deposits in the Lau Baamd North Fiji Basin east of Australia, and

the Okinawa Trough southwest of Japan. In 199%kns«te sulphide deposits were found to
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be associated with felsic volcanism the most exypéosype of volcanic activity, producing
the heaviest ash flows in places such as the Md&amsn, north of New Caledonia.
Hydrothermal deposits have also been located iméaeby Woodlark Basin, where seafloor
spreading propagates into the continental crusta@a3apua New Guinea. Today, more than
100 sites of hydrothermal mineralization are kn@asmnshown in Figure 2.4, including at least
25 sites with high-temperature black-smoker vent{i§A 2014)

2.4.2 Metal Contents in Massive Sulphides

Comparison of nearly 1,300 chemical analyses diiag@asulphides reveals that deposits in
different volcanic and tectonic settings have défeé concentrations of metals. Relative to
samples from sediment-starved mid-ocean ridgessinesulphides formed in basaltic to
andesitic environments of back-arc spreading cer{&é3 samples) are characterized by high
average concentrations of zinc (17%), lead (0.4%) &@arium (13%), but little iron.
Polymetallic sulphides at back-arc rifts in contited crust (40 samples) also have low iron
content but are commonly rich in zinc (20%) andil€82%), and have high concentrations

of silver (1.1%, or 2,304 grams/t). In general, thdk composition of seafloor sulphide
deposits in various tectonic settings is a consecpi®f the nature of the volcanic source
rocks from which the metals are leached.

High concentrations of gold have recently been dbum sulphide samples from back-arc
spreading centres, whereas the average gold cdiotedéposits at mid-ocean ridges is only
1.2 g/t (1,259 samples). Sulphides from the Lalki{zac basin have gold content of up to 29
g/t with an average of 2.8 g/t (103 samples). la @kinawa Trough, gold-rich sulphide
deposits with up to 14 g/t of gold (average 3.1 4fit samples) occur in a back-arc rift within
continental crust. Preliminary analyses of sulpsioethe Eastern Manus Basin reveal 15 g/t
with a maximum of 55 g/t gold (26 samples). Highdgoontent up to 21 g/t has been found in
barite chimneys in the Woodlark Basin. The mostgath seafloor deposit found to date is
located at Conical Seamount in the territorial wsatef Papua New Guinea, close to Lihir
Island. Maximum gold concentrations in samplesemdéd from the summit plateau of this
seamount (2.8 km basal diameter at 1,600 m wafghdsummit at 1,050 m) range up to 230
g/t with an average of 26 g/t (40 samples), whehabout 10 times the average value for
economically-mineable gold deposits on land. (1944
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2.4.3 Economic and Societal Relevance of MassivépBiudes

The hydrothermal vent processes create high dépusiof copper, lead, zinc, gold and
silver. Detailed characteristics for each elemet iés societal relevance will be described in
the following paragraphs.

Copper is a ductile metal with very high thermat aglectrical conductivity. The major
portion of copper produced in the world is usedthg electronic industry; most of the
remainder is combined with other metals to fornoyal Copper is among the most important
industrial metals and has been used in power cablas cables, electrical equipment,
automobile radiators, cooling and refrigerationitigh heat exchangers, artillery shell casings,
small arms ammunition, water pipes and jewelleypiaer is a fairly common element, with
great reserves in the Earths’ crust. However, amlyiny fraction of these reserves is
economically viable, given present-day prices authhologies. Various estimates of existing
copper reserves available for mining vary from 2&rg to 60 years, depending on core
assumptions such as the growth rate. The pricomber has historically been unstable and
quintupled from June 1999 to May 2006 as showrnigare 2.5.

GOLD PRICE - SILVER PRICE - COPPER PRICE - ZINC PRICE
Feb 1, 1990 - Aug 1, 2012
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Figure 2.5 Mineral Price Development of Gold, Copper, Zinc &ilder (1990-2012)
Source: (L Egorov, H Elosta, N L Kudla, S Shan, K&ng 2012)
Gold has been widely used throughout the world agelsicle for monetary exchange,

investment and jewellery. It has a high malleailductility and resistance to corrosion and
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most other chemical reactions. There is little tcamsumption of gold in an economic 12
sense. Most of the gold used in manufactured ggedsllery and works of art is eventually
recovered and recycled.

Zinc is a transition metal of a light grey. It lsetfourth "common” of the metals, after iron,
aluminium and copper. One of the major applicatiforszinc is corrosion-resistance. Other
applications are in batteries and alloys, such rassb A variety of zinc compounds are
commonly used in the organic laboratory. Zinc iseasential mineral of biologic and public
health importance. Zinc deficiency affects aboub tllion people in the developing world
and is associated with many diseases.

Silver is a soft, white, lustrous transition mettl.has the highest electrical and thermal
conductivity. Silver is used to manufacture highueaobjects such as medals, trophies, cups,
cards and various decorative. It is also widelydusedentistry for dental fillings, nuclear
industry for control rods, and electronics indudtryconductive material.

Given the high commercial mining potential and @aging mineral prices, many mining
companies, organisations and countries are engagitige exploration and exploitation of
seafloor massive sulphide deposits. (L Egorov, &5, N L Kudla, S Shan, K K Yang 2012)

2.4.4 Environment and Ecosystem

The hydrothermal vents associated with massivehgigpdeposits provide the habitat for a
variety of animal life previously unknown to sciendJnlike all other life forms on earth,
which depend directly or independently on sunlightl photosynthesis for their energy, the
vent community thrives in a lightless, hot watethbauffused with hydrogen sulfide, a
chemical lethal to most other animals. In this emwvnent dwell worms two metres long,
living in tubes of their own making, without a dgge system, deriving their energy from
micro-organisms that oxidize methane and sulphi8esne 500 previously unknown animal
species have been discovered around these bidlgglozerse vent areas.

The uniqueness and fragility of this geographicdlggmented ecosystem, and the value it
holds for fundamental biological studies of met&bu| evolution and adaptation, will have to
be taken into account in planning for mineral exglion and exploitation. Studies have
shown the resilience of existing populations inlidgawith the rapid environmental changes

of a volcanically active area. This resilience may due to the presence of a “mother
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population” capable of recolonizing a disturbedaaré this base population is destroyed by
mining, however, the result could be the extincobmare species. (ISA, 2014)

2.5 Polymetallic Nodules

2.5.1 Formation, Chemical Position and Occurrence

Polymetallic nodules (Figure 2.6), also known asgasese nodules, were discovered at the
end of the 19th century in the Kara Sea, in thetiér©cean off Siberia (1868). During
H.M.S. Challenger's (1872-76) scientific expedisprihey were found to occur in most
oceans of the world. According to the ISA descopt{ISA 2008a), “polymetallic nodules are
rock concretions formed of concentric layers ohiand manganese hydroxides around a
core. The core may be microscopically small angoismetimes completely transformed into
manganese minerals by crystallization. When visibléhe naked eye, it can be a small test
(shell) of microfossil (radiolarian or foraminiferd phosphatized tooth of shark, basalt debris
or even fragments of earlier nodules. The thickraegkregularity of the concentric layers are
determined by the successive stages of growth.o@mw s10dules they are discontinuous, with

noticeable differences between the two sides. Nesduary in size from tiny particles visible

only under a microscope to large pellets more 2@anentimetres across.

Figure 2.6:Sample and Seabed Images of Manganese Nodules
Source: The Federal Institute for Geosciences atdrbll Resources (2012)
However, most nodules are between 5 and 10 cmamaeter, about the size of potatoes.
Their surface is generally smooth, sometimes rongdimmillae or otherwise irregular. The
bottom, buried in sediment, is generally roughemtlthe top”. Several theories have been
proposed to explain the formation of nodules, idolg the hydrogenous, diagenetic,
hydrothermal, halmyrolitic, and biogenic process&i$hough the scientific community has

not uniformly agreed, the following two theorieg anore popular:
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Hydrogenous Processwhich involves concretions that are formed bynsforecipitation of
the metallic components from seawater. This is ghotio produce nodules with similar iron
and manganese content and a relatively high gradiekel, copper and cobalt.

Diagenetic Process where the manganese is remobilised in the sedirnelumn and
precipitated at the sediment and water interfaceh$odules are rich in manganese but poor
in iron and in nickel, copper and cobalt. The clehcomposition of these nodules varies
according to the location, size and characteristicthe core. The general composition of

polymetallic nodules from different sources is pdad in Table 2.1.

Origin Chemical Composition (mass?) References
Mo Fe N Co Cu ZIn*
Pacific Ocean 168" 125 06 02 04 - Heimendahl et al (1976)
243 115 07 115 025 - Heimendahl et al.(1976)
235 151 08 02 03 - Han and Fuerstenau {1975,1976a b)*
313 342 161 014 175 - Hsiaohong et al (1992), Hsiachong (1996)
131 158 059 038 011 - Ninae et al.(1996)
71412 123 013 121 012 Vuet al. (2005)
South-West Pacific Basm 16.6 228 035 044 021 - Sen (2010)
Samoan Basm 173 196 023 023 017 - Sen (2010)
Peru Basin 331 71 14 009 069 - Sen (2010)
Indian Ocean 10 114 026 014 023 - Kammgo and Jena (1988ab) Kammgo and Das{1988) Kanungo (19992 b)
183 74 09 013 07 008 Tama (1993)
201 629 099 01 01 013 Acharya et al (1999)
4 10 11 014 12 - Kumari and Natarajan (2002a.b)
South Sea 77 B9S2 162 002 01 008 Shen et al. (2007)
* Zine content was not reported by some authors.
" Depth 4 9km
¢ Depth 1.27km

¢ Also contains molybdermm

Table 2.1: The chemical composition of polymetatiedules from various source as reviewed by
Senanayake (2011)

The nodules lie on the sea-bottom sediment, gdwehalf buried. Some nodules are
completely covered by sediment and, in some areafjles have been collected even though
they are invisible on photographs. They vary gyemtlabundance. In some places they cover
more than 70 percent of the bottom, the noduleshiog one another. However it is
considered that, to be of economic interest, thendance must exceed 10 kilograms per
square metre, with an average of 15 kg/m2 oversavéaeveral tenths of a square kilometre.
They can occur at any depth, but largest conceotimtvith sea floor sites covered by up

to 70% were discovered in the abyssal zone betw@#© and 6,000m. Nodules of economic
interest have been found predominantly in threesaod the north central Pacific Ocean, the

Peru Basin in the southeast Pacific and the ceoftrthe Indian Ocean. Most promising
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deposits in terms of nodule concentration and cbantomposition are supposed to be in the
Clipperton Fracture Zone and average abundancelypfetallic nodules are shown in Figure

2.7.

The total amount of polymetallic nodules lying dre tsea floor was estimated at more than
1.5 trillion tonnes by John Mero in 1965. The estienwas reduced to 500 billion tonnes by
A.A. Archer in 1981. However, not all nodule fieldee eligible for mining. Several attempts

were made to calculate the probable resourcesufiniref development. These approaches
started by determining the number of mine sites @ world’s oceans could accommodate.
(ISA, 2014)

Average abundance of nodules
Kilograms per square metre

Claron-Clipperton
Zone

Pery Basin i :
Indian Oeean Cook skands

5 kgim? S ikghrd

Source bamees A Hain, L% Geolorpcal Simeey

Figure 2.7:Average Abundance of Manganese Nodules
Source: James R.Hein, US Geological Survey

2.5.2 Economic and Societal Relevance
Since the 1960s various studies have addressexttmomic feasibility of manganese nodule
exploitation. Earlier studies concluded the brea#reconcentration of nodules per m2 is 10
kg of nodules with a nickel and copper ratio ofum® 3% (Menard & Frazer, 1978).
However, the feasibility is largely dependent onrke& price developments. Metal and
mineral prices are highly volatile and sensitivehbto market demands and supplies (see
Figure 2.8 and Figure 2.9). Moreover, technologiclvelopments, the political 16
environment and other factors may affect the pridése figures below present prices of
manganese, cobalt, copper and nickel for publicalbilable timescales.
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The manganese nodules are rich in manganese, nickger, cobalt and rare earth elements.
Manganese (Mn) is essential to iron and steel mioolu by virtue of its sulfur-fixing,
deoxidizing, and alloying properties. Steelmakimg;luding its iron making component,
accounts for most global manganese demand, aro@3d 6f the total. Manganese
ferroalloys, consisting of various grades of feramganese and silico manganese, are used to
provide most of this key ingredient to steelmakiRgoducts for construction, machinery, and
transportation are leading end uses of manganeaagahese also is a key component of
certain widely used aluminium alloys and, in oxidem, dry cell batteries. As ore, additional
quantities of manganese are used for such nonnngfigihl purposes as plant fertilizers,
animal feed, and colorants for brick.

Cobalt (Co) is a metal used in numerous diverse noeroial, industrial, and military
applications, many of which are strategic and aaltiOn a global basis, the leading use of
cobalt is in rechargeable battery electrodes. Salp@ys, which are used to make parts for gas
turbine engines, are another major use for coldbalt is also used to make airbags in
automobiles; catalysts for the petroleum and chalrimdustries; cemented carbides (also
called hard metals) and diamond tools; corrosiahamear-resistant alloys; drying agents for
paints, varnishes, and inks; dyes and pigmentsyngtaoats for porcelain enamels; high-

speed steels; magnetic recording media; magnealsstael-belted radial tires.
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Figure 2.8 Mineral Price Development of Nickel and Copper @-2812)
Source: (L Egorov, H Elosta, N L Kudla, &8, K K Yang 2012)
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Nickel (Ni) is used in many specific and recognieamdustrial and consumer products,
including stainless steel, alnico magnets, coinagehargeable batteries, electric guitar
strings, microphone capsules, and special alldys.dlso used for plating and as a green tint
in glass. Nickel is an alloy metal, and its chiséus in the nickel steels and nickel cast irons,
of which there are many varieties. It is also wydased in many other alloys, such as nickel
brasses and bronzes, and alloys with copper, caramaluminium, lead, cobalt, silver, and
gold. (L Egorov, H Elosta, N L Kudla, S Shan, K Kanfg, 2012)
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Figure 2.9 Mineral Price Development of Manganese and CoBaD$-2012)
Source: (L Egorov, H Elosta, N L Kudla, S 8hid K Yang 2012)

2.5.3 Environment

Substantial amount of research has been carrieth aintaracterise the biological environment
in the areas of potential polymetallic nodules mgnin the Pacific Ocean. (Tilot, 2006)
studied distribution of the megafauna at the NIX®site, which lies within Western French
mining claim area in CCZ at 4,950 m depth. The rfeagaa is defined as organisms >1-4 cm
that are visible in photographs of the ocean flamd constitutes 17-50% of benthic abyssal
biomass. The total density of the megafauna washatgd to 498 ind/ha. The author reports
also that in several other studies the total dgmdithe megafauna in several areas in CCZ is
estimated to line in the range from 300 ind/ha apdto 4000 ind/ha, depending on the

location, measurement method and primary producifoiine water column above the zone.
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In the NIXO 45 site suspension feeders are mor@admnt than detritus feeders, carnivores
and scavengers. Figure 2.10 shows the most abuibysed of megafauna in the NIXO 45

site, and shows that the megafauna in this slernsinated by cnidarians, echinonoderms and
sponges. Cnidaria consist principally of actinidsl actocoralliarids while echinoderms are
represented mostly by holothurians and crinoide Miacrobentos types shown in Figure 2.10

are also representative for the CCZ area as a whole
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Figure 2.10: Abundance within each phylum at thE@QIK5 site within Western French mining claim
area in CCZ (Tilot, 2006)

(Tilot, 2006) report also that abundance and comipasof megafauna varied with different
nodule-facies existing on the site. The greateahdance of fauna was found on the facies
with large scattered nodules (10 % area noduleregee close to 1200 ind/ha).
In the ISA Technical Study No. 3 (ISA, 2008a) thehars focused on polychaets, nematodes
and foraminifera to study biodiversity, speciesges and gene flow in the abyssal Pacific
Nodule Province. The reasons of focusing on thesetanimal types were:

* Polychaete worms dominate the abyssal macro faamenéls between 0.3 to 30 mm

in smallest dimension), constituting 60-75% of mafetunal abundance and species

richness.
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* The nematode worms make up the bulk of the meiafdanimals between 0.03 to 0.3
mm in smallest dimension) and may be the most amindnd species-rich, multi-
cellular animals in deep-sea sediments.

» Foraminifera (amoeboid animals ranging in size fre®03 mm to 10s of centimetres)
are the most abundant protozoans in deep-sea sadinaad substantially influence
seafloor habitat structure and energy flow in theif®c nodule province.

The main findings of the above study indicate thraxpectedly high and still poorly sampled
levels of species diversity for all three sediméwelling animal types. Further, the result
indicated that the abyss harbours a specially adaf#tuna, distinct from the fauna of the
continental margins. Also, the results providedsigant evidence that community structure
of the foraminifera and polychaetes differ subs#dlyt on scales of 1,000 to 3,000 across
CCZ. (W Flentje, S E Lee, A Virnovskaia, S Wang&been, 2012)

2.6 Ferromanganese Crusts

2.6.1 Occurrence, Formation and Geological Distrition

Oxidized deposits of cobalt-rich ferromanganesstcfligure 2.11) are found throughout the
global oceans on the flanks and summits of searso{submarine mountains), ridges and
plateaux, where seafloor currents have swept tearoioor clear of sediment for millions of

years. These seamounts can be huge, some as fargeuatain ranges on the continents.
Only a few of the estimated 30,000 seamounts thatiroin the Pacific, where the richest
deposits are found, have been mapped and samptitai. The Atlantic and Indian oceans
contain far fewer seamounts but have been farskasgpled.

The minerals in crusts have precipitated out of ¢b&l ambient seawater onto the rock
surface, likely with the aid of bacterial activitfthe crusts form pavements up to 25
centimetres thick and cover an area of many sgkifometres. According to one estimate,

about 6.35 million square kilometres, or 1.7 pertad the ocean floor, is covered by cobalt-
rich crusts, translating to some 1 billion tonnégabalt. Crusts do not form in areas where
sediment covers the rock surface. They are fouvdaggr depths of about 400-4,000 metres,
in contrast to the 4,000-5,500 metres at which raaage nodules occur. The thickest crusts,

richest in cobalt, occur on outer-rim terraces amd broad saddles on the summits of
seamounts, at depths of 800-2,500 metres.
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Figure 2.11: Seamount crusts.
Source www.deepseaminingoutofourdepth.org

Crusts generally grow at the rate of one moleclager every one to three months, or 1-6
millimetres per million years, one of the sloweatural processes on earth. Consequently, it
can take up to 60 million years to form a thickstru'Some crusts show evidence of two
formative periods over the past 20 million yearsthwan interruption in ferromanganese
accretion during the late Miocene epoch 8 to 9iamllyears ago, when a layer of phosphorite
was deposited. This separation between older anthgey materials can be a clue in
identifying more ancient and thus richer depoditee occurrence of richer deposits at depths
where the water contains minimum oxygen has ledstigators to attribute part of the cobalt
enrichment to the low oxygen content of the seawate

Based on grade, tonnage and oceanographic corgjitioe central equatorial Pacific region
offers the best potential for crust mining, paraly the exclusive economic zones around
Johnston Island and Hawaii (United States), theshit Islands, the Federated States of
Micronesia and international waters of the mid-RacMoreover, crusts from shallow waters
contain the greatest concentration of mineraldpgortant factor for exploitation. Exclusive
economic zones are ocean areas extending 200 ofigtsre from coastal baselines, within

which coastal States have exclusive rights overuegs as shown in Figure 2.12.
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Figure 2.12: Geological distribution of Cobalt Gmiaround the world ( ISA)

2.6.2 Economic factor

Besides the high cobalt content compared to abysselganese nodules, exploitation of
crusts is viewed as advantageous because highygealists occur within the exclusive
economic zones of island nations, in shallower vgat®ser to shore facilities. Recognition in
the late 1970s of the economic potential of crusis enhanced by the fact that the price of
cobalt skyrocketed in 1978 as the result of citnifes in the mining areas of Zaire (now the
Democratic Republic of the Congo), then the worldigyest producer of cobalt. By 2005,
Democratic Republic of Congo, Zambia and Canadathkey accounted for more than half of
world mine production of about 53,5@8hnes.

Historically the price of cobalt has tended to hmatile: during the 1979 disturbances in
Shaba Province of the former Zaire, the price quupléd within a matter of weeks. At that
time Zaire provided almost half of world supply. tBut is now much less geographically
concentrated, but demand tends to be price-inelastithe short to medium term. After
reaching peak price in 1995, the price of cobaltngled steadily and came down to 1990
levels in 2002-03.
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Value of metals in one metric tonne of cobalt-rich crust

Mean price of metal (2007 $US/kg) Mean Content in Crusts (ppm)  Value per Metric Ton of Ore ($US)

Cobale 54.56 6,899.00 37641
Titanium 14.66 120,350.00 176.36
Cerium 88.00 1,605.00 141.20
Zirconium 150.00 618.00 92.70
Nickel 26.72 4,125 .00 110.22
Platinum 54,481.00 0.50 27.24
Molybdenum 56.76 445.00 25.26
Tellurium 242.00 60.00 1452
Copper 6.90 896.00 6.18
Total -- -- $970.09
Kz is kilogmumme; ppm is paes per million, which equals gnams per tonne.

Table.2.2: Value of metals in one metric tonneaifadt-rich crust.
Sourcewww.isa.org(ISA, 2014)

However, over the past four years there has besmagp increase in cobalt prices, which
stand now at around 54.5 $/kg. If demand contirtoeimicrease, or if a supply problem is
perceived, the price may increase further ovedaively short period. Since 2001 there has
been steady increase in demand for both coppecaipalt metal which is evident from the
increased production. In 2001, the world cobaltahptoduction was 38,000 tonnes where as
in 2005 it was 53,500 tonnes. Demand for one orenwdrthe many metals concentrated in
crusts, in addition to that of cobalt, may ultimptee the driving force for seabed mining.
Despite the economic and technological uncertangeleast three companies have expressed
interest in crust mining. Several evolving circuamgtes may change the economic
environment and promote mining in the oceans ekample, land-use priorities, fresh-water
issues and environmental concerns in areas of basdd mines. There is a growing
recognition that cobalt-rich crusts are an impdrtpatential resource. Accordingly, it is
necessary to fill the information gap concerningiogs aspects of crust mining through
research, exploration and technological developn{&w, 2014)
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3 LEGAL ENVIROMENT

3.1 Introduction

The legal framework for deep-sea mining derivesfraultiple levels of law. The foundation

of the framework is provided by international laiwe body of law that regulates the rights
and duties of States and other actors, such asnatienal organisations, recognised by
international law. Seabed exploitation refers tabsel in national and international waters.
Against the background of the seabed definitiomivithis report (see Chapter 2), this section

presents relevant legal authorities and regulations

3.2 United Nations Convention on the Law of the Sea

The starting point for examining international laglating to deep-sea mining is the law of
the sea, the branch of international law that isceoned with all uses and resources of the
sea. The cornerstone of the law of the sea is thieet) Nations Convention on the Law of the
Sea ('UNCLOS’) and its two implementing agreementise Part Xl Implementation
Agreement and the UN Fish Stocks Agreement. UNCK@S finally adopted in 1982, after
a lengthy and difficult negotiation process, andessd into force in November 1994. At
present there are 166 parties to UNCLOS includmegEU and its Member States. The over-
arching objective of UNCLOS is to establish a umnsadly accepted, just and equitable legal
order for the oceans that lessens the risk of natenal conflict and enhances peace and
stability in the international community. The dey@inent of UNCLOS required a balancing
exercise between the competing interests and claimStates in their various capacities
including coastal States and land-locked Stateps St@mtes and port States, and industrialized
and developing States.

The issue of deep-sea mining was particularly owmetrsial in this respect and is also one of
the reasons why UNCLOS was finally adopted by & \astd is even one of the reasons why
the USA has still to accede to it. Indeed the anrdrsy over Part XI of UNCLOS, which is
concerned with deep-sea mining, was such that doeten of an additional implementing
agreement, in the form of the Part XI Mining Agrestt) was subsequently found necessary
to modify UNCLOS in order to facilitate its entnyto force.

Part of the balance eventually achieved by UNCLGCE whrough the system of maritime
zones that it provides for, including those thattgge to coastal. These zones determine the
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spatial competence and jurisdiction of States,tand which specific legal regime applies to
deep-sea mining, are considered next. Figure 3vésgan overview of the zones and
definitions detailed in the following. Relevantttee research at hand are the territorial seas,
contiguous zone, exclusive economic zones anddhgénental shelf as well as the high sea

legislations.

200 MILES

Y

|- - Exclusive Economic Zone

v

e = =

Figure 3.1: Maritime zones under UNCLOS
Source: Available from online document (ECORYS,4£01

3.2.1 Territorial Waters and Contiguous Zone

Territorial waters (Art. 3 ff) reach out to 12 nmal miles from the low-water mark or so

called baseline. The coastal state is allowed tme&éaws and regulate the exploitation of its
resources within these waters. Foreign vesselgiaea rights to “innocent” passage, whereas
fisheries, environmental jurisdiction and commdreietivities are subject to state policies.
The contiguous zone (Art. 33) may extend the tmiat waters line to another 12 nautical

miles. Within this zone states can enforce poli@escustoms, taxes, migration and the

environment.
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3.2.2 Archipelagic Waters

For a group of islands, the baseline is drawn betwtbe outermost points of the territories.
The waters in-between these points are defined relsipalagic waters and are in the
sovereignty of the state but allow “innocent” pagsa

3.2.3 Exclusive Economic Zones (EEZs)

EEZs define the waters 200 nautical miles fromlihseline. Within its EEZ, coastal states
have the sovereignty rights to the economic exgtioih and exploration of its EEZ, such as
the production of energy, as well as deep-sea mi@nd exercise jurisdiction. Foreign
nations and vessels have the freedom of navigatnohover flight. Land-locked or so called
geographically disadvantaged nations have the tayparticipate in the revenues of exploited
living resources of the EEZ's of coastal stateth&nsame region. Figure 3.2 indicates the
global allocation of EEZ’s.

Figure 3.2:Exclusive Economic Zones (EEZS)

Source: Based on Maritime Boundaries Geodatabassipn 6.1,
http://www.vliz.be/vmdcdata/marbound

3.2.4 Continental Shelf

The continental shelf (Art. 76) was given a legafimition as the stretch of the seabed
adjacent to the shores of a particular country hockv it belongs. The continental shelf is
defined as the natural prolongation of the landttey to the continental margin’s outer edge,

or 200 nautical miles from the coastal state’s lr@sewhichever is greater. It may never
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exceed 350 nautical miles from the baseline; omay never exceed 100 nautical miles
beyond the 2,500 meter.

Coastal states have exclusive rights to resounmzddd within the continental shelf. Coastal
states have the exclusive right to harvest minenadsnon-living materials in the subsoil of its
continental shelf and also have exclusive contn@rdiving resources "attached" to the
continental shelf, but not to creatures living Imetwater column beyond the exclusive

economic zone.

3.2.5 The Area and High Seas

Beyond the outer edge of the continental shelf ties Area, defined by UNCLOS as the
‘seabed and ocean floor and subsoil thereof, beyoadimits of national jurisdiction’, and
which is the subject of Part Xl of UNCLOS. No Statay claim sovereignty or sovereign
rights over any part of the Area or its resourdestead, all rights in the ‘resources’ of the
Area are ‘vested in mankind as a whole’ on whodeli¢he International Seabed Authority
(ISA), established pursuant to UNCLOS, is to acirtfrer provisions on the functioning of
ISA are set out in the Part XI Implementation Agneat and this will be considered in more
detail below.

The water column and the surface waters of thedseatly above the Area (and above any
part of the continental shelf that extends beyodd 2m from the baseline) are the high seas
which include all parts of the sea that do not fqramt of the EEZ, territorial sea or other
maritime zones of coastal States. The high seatharsubject of Part VII of UNCLOS. The
provisions of Part VIl therefore apply to the aaep, surface waters and water column
beyond the outer limit of the EEZ and the seabedl subsoil of that same area. In other
words, the UNCLOS regime for the high seas overlajpis its regime for the Area and, as
noted, may overlap with the regime of the continkshelf (to the extent applicable). All
States enjoy the freedoms of the high seas, whicdlide the freedoms of over-flight, fishing
and scientific research. Moreover no state may s@skibject any part of the high seas to its
sovereignty. This principle ensures the consematibresources for future generations and

regulates exploration and exploitation by the iméional community.
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3.3 International Seabed Authority (ISA)

The International Seabed Authority is an interganegntal body based in Kingston, Jamaica,
that was established to organize and control atlenail-related activities in the international
seabed area beyond the limits of national jurigai¢tan area underlying most of the world’s
oceans. Currently there are 166 members of théokily (165 States and the European
Union). The Authority was established under theZLlB@ited Nations Convention on the Law
of the Sea and came into force in 1994 as a fydgrational international organization. The
headquarters are located in Kingston, Jamaica. IBAe has a 35-member staff led by
Secretary-General Nii Allotey Odunton of Ghana.

The budget of ISA is based on the United Nation¥)(kcale of assessments modified to take
account of the fact that ISA has fewer members thanUN. The principal organs of ISA
foreseen in Part Xl of UNCLOS are the Assembly, @oeincil and the Secretariat as well as
the Enterprise as illustrated in Figure 3.3. Theuri is also assisted by a Legal and

Technical Commission and an Economic Planning Casion.
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3.3.1 The Assembly

The Assembly, which comprises one representatwa feach ISA member, is the supreme
organ of ISA responsible for establishing the gahpolicies of the organization. Meetings of
the Assembly, which must take place at the sedSéfin Kingston, Jamaica unless the
Assembly decides otherwise, are usually held on@aaover a four-day period each July.
As a general rule, decision making in all of thgams of ISA should be by consensus,
although if consensus is not possible each memhigrecAssembly has one vote. Practically
all decisions of the Assembly have been taken hbyseosus. Although the Assembly is
considered to be the supreme organ of ISA, itspaasible for electing the members of the
Council and the Secretary-General and approvingdtiiget, with regard to a wide range of
issues in terms of rule and policy-making. The Adsly may only consider and accept the
recommendations of the Council or alternativelyecejthem and return them to the Council
for reconsideration. In other words the Assemblgsdaot have the power to modify such
recommendations. To date, because of the consensmher in which ISA operates, no

Council recommendation has yet been rejected.

3.3.2 The Council

The Council is the executive organ of ISA whichabsshes the specific policies to be
followed by the organisation as well as approvipgl@ations for exploration/exploitation
rights. It consists of 36 members of the Authoetgcted by the Assembly on the basis of
specific criteria laid down in paragraph 15 of thanex to the Part XI Implementation
Agreement so as to provide a balanced composition.

The criteria for Council membership are somewhat@ex. In brief the rules provide for the
division of the Council into a series of groupso@r A is made up of major consumers of
commodities produced from the categories of misetal be derived from the Area. The
current members are: China, Italy, Japan and tlssiBuo Federation. Group B is made of the
four ISA members among the eight State Partieshtie¢ made the largest direct or indirect
investments relating to activities in the Area. Therent members are France, Germany,
India and the Republic of Korea. Group C compriges ISA members that are major net
exporters of the categories of minerals to be foumthe Area. The current members are
Australia, Chile, Canada and South Africa. GroupsDnade up of six ISA members from

among developing States representing differentigpeterests such as States with large
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populations, landlocked or geographically disadagat States and island States. Finally
Group E has 18 members elected in accordance hétlptinciple of ensuring an equitable
geographical distribution of seats in the Coundciltbe basis of the following geographical
regions: Africa, Asia, Eastern Europe, Latin Amar& the Caribbean and Western Europe
and others.

As with the Assembly, decisions of the Council ex@rinciple to be taken by consensus. If,
however, a vote becomes necessary each groupentitthted as a chamber and depending on
the subject matter a majority in each chamber maydguired. In other words the voting
system is extremely complex and fortunately, asst@ts have also been taken on the basis
of consensus, it has yet to be tested in pracBexzause the Assembly is restricted to
accepting or rejecting in full the recommendatiohghe Council the latter is in practice in an
extremely powerful position within ISA.

The Council also now meets once a year, usuallafeix-day period immediately before the

meeting of the Assembly.

3.3.3 Legal and Technical Commission and the Finan€ommittee

Article 163 of UNCLOS provides that the Councilteshave two organs, namely the Legal
and Technical Commission and the Economic Plan@pgimission. For the time being,
however, in accordance with Section 1(4) of the é&nro the Part XI Implementation
Agreement the functions of the latter commissian discharged by the Legal and Technical
Commission (LTC).

The LTC comprises 25 suitably qualified membersteld for a five year term by the Council
to undertake a range of tasks including reviewipgliaations for plans of work for activities
in the Area, supervising exploration or mining aitiés, assessing the environmental impact
of such activities and advising the ISA Assemblyg &ouncil. The LTC usually meets twice
a year, in February and in July immediately befttre meetings of the Council and the
Assembly.

Mention can also be made of the Finance Committeeiged for by Section 9 of the Annex
to the Part XI Implementation Agreement, the memloémwhich are elected by the Assembly
for a term of five years. The basic task of the ahte Committee is to make
recommendations to the Council on a range of firsdnssues. The Council is required to

take account of such recommendations but is natdboy them.
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3.3.4 The Secretariat
The ISA Secretariat, which comprises a Secretanye@s elected for a four-year term by the
Assembly, and ‘such staff as the Authority may mejuis located in Kingston, Jamaica.

There are currently around 40 technical and nohrieal staff.

3.3.5 The Enterprise

As noted above, one of the objectives of the Pattmplementation Agreement was to reduce
the size of the institutions foreseen under ParoXUNCLOS including the Enterprise. As
originally envisaged in UNCLOS, the Enterprise waave sufficient legal and operational
capacity to play a significant and active role @epd-sea mining on behalf of the international
community. The industrialised countries were intipatar concerned that in this form the
Enterprise would have been bureaucratic and unwiethe Part Xl Implementation
Agreement substantially modified the provisionstioa Enterprise and provides that the ISA
Secretariat is to perform the tasks of the Entsepion an interim basis. In reality the
Enterprise exists on paper only.

In 2012 an application was made by the Canadiarp-dea mining company Nautilus
Minerals Inc. to activate the Enterprise. Under Beet XI Implementation Agreement the
only way the Enterprise can now exist is througaimt venture. Under the scheme for deep-
sea mining activity in the Area, which will be cahered in more detail below, a reserve area
must be set aside in respect of each block. Ams/in such areas are reserved to developing
countries or the Enterprise. In the end the Coumncried down Nautilus’ application due in
part to the fact that a developing country, Singapbad also applied for the same reserve

area. It remains to be seen if the Enterpriseavidlr be formally established.

3.4 The regulatory regime for deep sea mining

Seabed resources may be found in the EEZ or conéihshelf zone, or in the Area, and the
law that applies depends on the location. Resoumesd within a country’s EEZ must be

exploited in accordance with the laws of that counilational legislation is often written so

as to be similar to international laws. Howeversesbed mining is a relatively new industry,
many countries lack relevant laws. When a countrgsd’t have sufficient law governing

seabed development, the country may choose toaentbe relevant international law or a

neighbouring country’s law. This depends on thetremh between the country and the
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enterprise, and international organizations walehdontract contents with interest as shown
in Figure 3.4. However, the international organaa cannot enforce any laws in this case.
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Figure 3.4 Legal relationships between coastal states, intiemsl organizations and

Enterprises. (M B Bashir, S H Kim, E Kiosidou, H Wamott, W Zhang, 2012)

The regulatory regime for deep-sea mining in thealis set out principally in Annex Il of
UNCLOS, which is entitled ‘Basic conditions of ppesting, exploration and exploitation’, as
modified by the Part XI Implementation Agreememt.outline, exploration and exploitation
activities may only be carried out in areas spediin detailed and approved plans of work by
suitably qualified applicants in terms of financald technical capabilities and on the basis of
authorizations issued by ISA. Moreover such ag@igitmay only be undertaken by the
Enterprise or by State Parties or by state ensapror legal or natural persons that are
sponsored by a State Party. The notion of ‘spohgmrss unique to Part Xl and will be
considered in more detail below. The regime adéetise three steps mentioned in the title
of Annex Il namely prospecting, exploration angbkextation.

The regulatory regime is supplemented by a serfesules, regulations and procedures
adopted by ISA that together make up the ‘Miningd€o These include the following

instruments:
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- Decision of the Assembly of the International l&sth Authority regarding the amendments
to the Regulations on Prospecting and Exploratmn Holymetallic Nodules in the Area

(ISBA/19/A/9) (the ‘Nodules Regulations’);

- Decision of the Assembly of the International IS Authority relating to the regulations

on prospecting and exploration for polymetallicpbudles in the Area (ISBA/16/A/12/Rev.1)

(‘the Sulphides Regulations’);

- Decision of the Assembly of the International ISsh Authority relating to the Regulations
on Prospecting and Exploration for Cobalt-rich Beranganese Crusts in the Area
(ISBA/18/A/11) (the ‘Crusts Regulations’); and

- Decision of the Assembly of the International ISsh Authority concerning overhead

charges for the administration and supervisionxpfaration (ISBA/19/A/12).

A number of formal recommendations have also belptad. The key point to emphasize
about the regulations adopted to date is that #rey only concerned with exploration.

Regulations on exploitation and royalties have tpebe adopted. In other words although
much work has been accomplished to date, the fegaework for deep-sea mining in the

Area is not yet complete.

3.4.1 Prospecting

Prospecting is the subject of article 2 of Anndxoll UNCLOS. Atrticle 2(1) (b) requires a
proposed prospector to: (a) provide a written uradkéng to ISA to comply with the
requirements of UNCLOS; and (b) to notify ISA okthApproximate area or areas in which
prospecting will take place. Additional provisiom® prospecting are contained in the
Nodules Regulations, the Sulphides RegulationstaedCrusts Regulations. The regime for
prospecting is slightly curious in that it does aotually confer any rights on the prospector
in terms of exclusivity or the acquisition of migimights. In other words there is basically no
difference between prospecting and marine scientédsearch. Consequently it is probably
not surprising that to date only one country haderenotification under article 2.

3.4.2 Exploration
Exploration activities may only be carried out ireas specified in detailed and approved
plans of work by suitably qualified applicants errhs of financial and technical capabilities

and on the basis of authorizations issued by IS# fain legal provisions on exploration are
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contained in article 153 and Annex IlI of UNCLOSs amended by the Part Xl
Implementation Agreement, and in the Nodules Reguig, the Sulphides Regulations and
the Crusts Regulations depending on the type olures in question.

The three sets of regulations are essentiallyensime form. The Nodules Regulations were
adopted first in order to ‘grandfather’ the rigluSthe pioneer investors as required by the
Part XI Implementation Agreement.

The regulations are rather detailed and are sahden parts. Part I, ‘Introduction’ includes a
number of definitions. Similar definitions are falnn the other regulations. Part 1l is
concerned with Prospecting. Part Ill describes ¢dbetent of applications to ISA for the
approval of plans of work. Each application is torbade in the standard form prescribed in
Annex Il to the regulations accompanied by a dedié of sponsorship as necessary,
information about the financial and technical cali#s of the applicant, information about
previous contracts with ISA, written undertakingscomply with the applicable legal regime,
a description of the area to which the applicatielates, sufficient to enable the LTC to
designate a ‘reserved area’ and information necgdeathe approval of the plan of work.
Moreover each application is to be accompanied myapplication fee, currently USD
500,000.

Part IV of the regulations is concerned with cocisgor exploration: once a plan of work is
approved a contract between ISA and the applicaobmcluded in the form set out in Annex
[l of the regulations and containing the standelalises set out in Annex IV, which include
an express recognition of the security of tenurethef contractor which may only be
suspended, terminated or revised in accordancetietbontract.

Each contractor has the exclusive right to explanearea subject to a plan of work for
specified resources and a preference and prioatyekploitation in that area or those
resources. Each contract also specifies the maximsiz@ of the area allocated to the
contractor. This varies depending on the type ebuece. Thus the total area for nodules is
150,000 km2 while for sulphides it is 10,000 km&ided into 100 blocks of 10 km2 within
an overall constraint area of 300,000 km2. As r@ga@rusts, each ‘cobalt crust block’ may
not exceed 20 km2 in size (it may be square oanggtlar) and there may be a maximum of
150 blocks, making a total exploration area of 8,Rth2, which must be arranged in clusters
of 5 contiguous blocks within a constraint areeb50 x 550 km. Each contract lasts for 15

years, after which the contractor must apply fgslan of work for exploitation unless the
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contractor has already obtained an extension. Biies for a period of five years are
approved by the Council on the recommendation®L{iC.

Part V addresses the protection and preservatidheofmarine environment. ISA is required
on the basis of recommendations from the LTC, tak#ish and periodically review rules,
regulations and procedures to ensure the effegtiigtection of the marine environment, to
which end both ISA and sponsoring States must ajyayprecautionary principle. The LTC
must also develop and implement procedures forrm@teng on the basis of the best
available scientific and technical information wheat proposed activities would have serious
harmful impacts on vulnerable marine ecosystemstarghsure that measures are taken to
prevent such impacts or to refuse to authorise théamtractors are required to take the
necessary measures to prevent, reduce and cowottolign and other hazards to the marine
environment resulting from their activities in tAeea and to apply a precautionary approach
and best environmental practices.

Part VI of the regulations is concerned with theuesof confidentiality. In particular there is a
presumption that data and information transferedSA pursuant to the regulations or a
contract and designated as confidential by theraotdr will be so treated subject to certain
exemptions such as public availability from otheurses.

The remaining parts of the regulations are relatigbort. Part VII is concerned with general
procedures, such as the service and delivery aéastinder the contract and the adoption by
the LTC of technical or administrative recommenaladi for the guidance of contractors, Part
VIl is concerned with the settlement of disput@srt IX is concerned with the finds of
resources other than those which are the subjetheofcontract and Part X calls for the
periodic review of the regulations. (ECORYS, 2014)

3.4.3 Exploitation

Work has begun on the development of the explomnatiegulations that will form the
exploitation code. ISA has recently completed aomajakeholder survey and the issue was
discussed by the LTC at its most recent meetirigeloruary 2014.

The development of the new regulations will ineviyabe a very complex and challenging
task that will need to address the applicable firdrand environmental regimes. In terms of
the financial arrangements key issues that willdnieebe addressed include the approach to

royalties payable to ISA, the method of calculatsugh royalties and the relationship with
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national taxation regimes. A certain degree of gna is provided by section 8(1) of the
Annex to the Part XI Implementation Agreement, \khisets out a series of guiding
principles. Apart from stipulating that the systeyh payments must be fair both to the
contractor and to ISA (and that they must providecuate means to determine that the
contractor has complied with the system) the payayrindicates that the rates of payment
should be within the range of those prevailing espect of land-based mining to prevent
competitive distortions; specifies that the systhuld not be complicated or impose major
administrative costs (to this end the options abyalty scheme or combined royalty and
profit sharing system are canvassed); provideshi®mpayment of annual fixed fees; calls for
the periodic review of the system of payments; provides that disputes shall be resolved in
accordance with UNCLOS.

As regards matters of principle it is anticipatbédttthe environmental framework will be
easier to agree in that it will clearly require Bommental impact assessment and
environmental monitoring mechanisms. Environmentaisiderations certainly appear to be
at the forefront of ISA’s work. There will also ocedural issues to address as well as
matters relating to the financial qualifications applicants, guarantees and performance
bonds. The Code for Environmental Management deeeldby the International Marine
Minerals Society may provide a useful starting péan discussions in this respect.

There is some time pressure here given that teediploration contracts will end in 2016:
the Part Xl Implementation Agreement specifies thatCouncil must thereafter consider and
provisionally approve an application for a planvedrk for exploitation even if the rules,
regulations and procedures for exploitation areimplace. (ECORYS, 2014)
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4 INTERNATIONAL RESEARCH ACTVITIES

4.1 Introduction

As a result of the rising global need for raw miatlesrand the declining quality of the land
based mining deposits, exploiting new sources of maaterials is gaining importance for
securing the long-term supply of natural resoum@s$ most industrialized countries interest
to do research activities for exploration and eitptmn in deep sea. This section aims to
assess all the research activities of internaticoaipanies which held exploration licenses
from International Seabed Authority and especiétly Germany. At the same time, some
classification societies are interesting to involve deep sea mining market and their

preparation plans are to be approached in thistehap

4.2 Exploration Licenses around the World

The International Seabed Authority has entered iBtyear contracts for exploration for
polymetallic nodules and polymetallic sulphidegive deep seabed with fifteen contractors
pursuant to resolution Il of the Third UN Confereran the Law of the Sea. Twelve of these
contracts are for exploration for polymetallic ntatuin the Clarion Clipperton Fracture Zone
with two contracts for exploration for polymetalbalphides in the South West Indian Ridge
and the Mid Atlantic Ridge and one contract for lexgtion for cobalt-rich crusts in the
Western Pacific Ocean. (Table 4.1)

The conclusions of contracts allow these contractorexplore specified parts of the deep
oceans outside national jurisdiction. Under theRagns, each contractor has the exclusive
right to explore an initial area of up to 150,0@@are kilometres. Over the first eight years of
the contract, half of this area is to be relingathEach contractor is required to propose a
programme for the training of nationals of devehgpiStates. The training programme, as
agreed with the Authority, is incorporated into tmntract. Each contractor is also required to
submit an annual report on its programme of aawitPrior to the commencement of its
programme of activities under the contract, eaaftractor is also required to submit to the
Secretary-General a contingency plan to responectefely to incidents arising from its

activities in the exploration area.
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Institut francais de recherche pour

France Mid-Atlantic Ridge b e el To be signed
Korea Central Indian Ridge Government of the Republic of Korea To be signed 30.04.2029
Mid-Atlantic Ridge Government of the Russian Federation 29.10.2012 28.10. 2027
China Southwest Indian Ridge g::j";:"l‘::;n:':::;:;;iis:t‘i';;e&r&ﬁ;h 18.11.2011 17.11.2026
China Western Pacific Ocean COMRA 29.04.2014 28.04.2029
Japan Western Pacific Ocean g”;’;g‘:lo(f‘aa g'édM'\E"Sa'S National 27.01.2014 26.01.2029
Kiribati (Z:?::(nc_gr pertoniiacte Marawa Research and Exploration Ltd. To be signed
United Kingdom of
Great Britain and €CZ UK Seabed Resources Ltd. 08.02.2013 07.02.2028
Northern Ireland
Belgium ccz G-TEC Sea Mineral Resources NV 14.01.2013 13.01.2028
Tonga ccz Tonga Offshore Mining Limited 11.01.2012 10.01.2027
Nauru ccz Nauru Ocean Resources Inc. 22.07.2011 21.07.2026
Cerany ccz Federal Institute for Geosciences and 19.07.2006 18.07.2021
Natural Resources of Germany
Indian Ocean Government of India 25.03.2002 24.03.2017
Tapan ccz Ete;p Ocean Resources Development Co. 20.06.2001 19.06.2016
France ccz Irusttiee teemical de e cherche potin 20.06.2001 19.06.2016
I'exploitation de la mer
China €ECZ COMRA 22.05.2001 21.05.2016
ccz Government of the Republic of Korea 27.04.2001 26.04.2016
Bulgaria, Cuba, Czech
Republic, Poland, -« P
Russian Federation and ccz Interoceanmetal Joint Organization 29.03.2001 28.03.2016
Slovakia
Russian Federation ccz Yuzhmorgeologiya 29.03.2001 28.03.2016

Table 4.1: Exploration licenses issued from Intéomal Seabed Authority.
Source: http://na.unep.net/geas/getUNEPPageWittiAiiScript.php?article_id=112

4.3 Germany

Germany as an industrial nation is highly dependsntthe import of mineral or metal
resources. Sources which have not been considemgd now are the marine mineral
resources, which in recent times are enjoying name more increasing interests and which
might provide in future a considerable contributiorthe supply security on metal resources.
In terms of economic usability and the long-ternfiegaarding of access to metallic raw
materials, the incidence of manganese nodules, ltedffa manganese crusts, seafloor
massive sulphides and phosphorite nodules is at gneerest.

Germany has held an exploration license for marggmmedules in the Pacific Ocean since
2006. An application for a second exploration Imerior seafloor massive sulphides in the
Indian Ocean was made to ISA in 2013. With thedithe German government’s National
Masterplan Maritimes Technologies (NMMT), policy-keas and society have become more
aware of deep-sea mining in recent years, and gbeei has been highlighted at various

events.
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The objective of environmentally friendly deep-sei@ing must be furthered. To this end, the
related federal ministries, along with interestennpanies and research institutes and the
Federal Institute for Geosciences and Natural RessuUBGR), are required to prepare and
implement an environmentally friendly technologyramstration project which can also take
place in the European context and which has beendtwmted with the ISA, taking into
consideration the entire process chain.

This would enable Germany to pioneer high standmdsnvironmentally friendly deep-sea
mining. To date, German companies have only playeelatively minor role on the market
for marine mineral resources, which is developigygashically globally. All the major mining
companies as potential end clients are locateddsutd Germany.

Innovative solutions in the key fields of drillingechnology, conveying technology and
underwater engineering are available. Synergies ban achieved by using related
technologies from the fields of mining engineeridglling and tunnel-driving engineering,
pump technology as well as automatic control ergging. German companies and
institutions offer tried-and-tested exploration heclogies and services. Furthermore,
Germany has efficient, innovative shipyards anditma suppliers in the field of special
shipbuilding. Technological challenges pertainimmgthe future commercialization of the
extraction of marine mineral resources are: inengageconomic efficiency, optimizing
environmental compatibility, the supply of enerthe development of intelligent systems for

largely autonomous production processes and chémiallurgical processing.

4.3.1 Deep Sea Mining Alliance (DSMA)
Backed up by the NMMT of the German government emalesponding activities the idea
and the advantage of deep sea mining gained morenare interests and supporters. Based
on this development the Deep Sea Mining Allianc8N3) association was founded in April
2014. Major goals of the association are the pedjwar of commercial, technological and
scientific projects on deep-sea mining as well abetter coordination of national and
international activities on an environmentally fridy and sustainable exploration and
exploitation of marine mineral resources. As a tjgahatform of the industry, the main
objectives of the DSMA are:

+ To push ahead with the development of deep-seanmipiojects both in Germany

and internationally
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+ Support of innovation and R&D projects
+ Close cooperation with leading research institute&ing into consideration all
environmentally relevant aspects
« Creation of a "strategy roadmap" with the prelimnjn@arget being the performance of
a "pilot mining test".
The DSMA will cover the entire deep-sea mining eatthain from a single source and will
support deep-sea mining innovations based on R&D HR projects. The newly founded
association will be open for international membénsthe meantime the DSMA comprises
more than 20 members mainly from the industry. Amhar of further membership
applications - including also international apptitsa- are announced. Mr Leonhard Weixler
from Bauer Maschinen was elected as PresidenteoDBBMA. Prof Peter E. Halbach, Free
University of Berlin, was elected as Chairman @& #uvisory board. The members of DSMA

and their respective focuses are described beldvalate 4.2.

Company/Institution

- Contact Person - Factses
BAUER Maschinen GmbH Drilling equipment for offshore foundations and subsea
- Leonhard Weixler - exploration, sea bed drill rigs

Dr. Warner Briickmann

3 Scientific consulting for marine mineral resources
- Dr. Warner Brickmann -

Continental / ContiTech / 0il and
Marine Eddelbiittel + Schneider
GmbH

- Tamo Voelkner -

Special rubber riser systems for offshore mining

Develogic GmbH Signal processing solutions for underwater
- Ivonne Kussmann - communication systems

DFKI - German Research Center
for Artificial Intelligence
- Jens Mey -

Development and realisation of artificial intelligence
methods in underwater systems and robotics

DNV GL SE

Classification societ
- Karsten Hagenah - oY

EvolLogics GmbH Solutions for multiple underwater communication,
- Dr. Rudolf Bannasch - positioning, navigation and monitoring applications
Fraunhofer

=R T e I e R Maritime systems, underwater robotics

Free University Berlin Raw material geology and marine geochemistry for
- Prof. Peter Halbach - marine mineral resources

Harren & Pariner Ship
Management
- Heiko Felderhoff -

Ship management in the sectors of heavy-lift, offshore
oil & gas-oifshore and the wind energy
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Management, consulting in deepsea mining, hydro-
HYDROMOD Service GmbH geophysical field measurements, oceanographic

- Johannes Post - maodelling, environmental monitoring; Environmental
Impact Studies, MetOcean-Studies

IMS Ingenieurgesellschaft mbH | Civil engineering, offshore technology, engineering and
- Dr, Alexander Mitzlaff - installation, environmental engineering

Keppel Offshore & Marine
Technology Centre (KOMtech)
- Ms. Wang, Rong -

R&D and product development for offshore and
deep-sea technologies

Prof. Hermann-Rudolf Kudrass

Scientific consulting for marine mineral resources
- Prof. Hermann-Rudolf Kudrass -

Lloyd's Register

: Classification society
- Uwe Bollwinkel -

MBT GmbH Sales and service for oceanographic, geephysical and
- Torsten Turla - hydrographic equipment

MC Marketing Consulting Management and technology consulting for deep-sea
- Michael Jarowinsky - mining

MHWirth Drilling rig systems for the offshore oil & gas industry,
- Dr. Steffen Knodt - several concept studies for deepsea mining

RWTH, AKR, Aachen
- Martin Koepcke -
- Dr. Ludger Rattmann -

Processing concepts and solutions for marine mineral
resources

siem Offshore Contractors GmbH |Service contractor for the offshore oil and gas/renewable

- Lars Muck - energy industry

Technical University Clausthal Processing concepts and solutions for marine mineral
- Jonas Weber - resgurces

Wartsila Power solutions for marine and energy markets, ship
- Henning von Wedel - design

Table 4.2: Members of DSMA and their focuses

Source: www.deepsea-mining-alliance.com
4.3.2 Exploration Activities in the German Area
Germany has been a member of the InternationaleSeAlthority since its foundation in
1994. Germany has been engaged substantivelyeandsactivities in the Area. In 2006 the
German Federal Institute for Geosciences and Nafiesources entered a contract for
exploration for polymetallic nodules in the Clari@hpperton Fracture Zone with the ISA. In
December 2013, the Federal Institute applied fax #pproval of a plan of work for
exploration for polymetallic sulphides in the Indi®cean. The aim of exploring this deposit
prior to industrial use is the long-term securifysapply in Germany with the raw materials
mentioned above.
The German license area covers 75,000 km2, spreadtwo sites with 17,000 km2 in the

central area of 58,000 km2 and the east of theabeecmanganese nodule belt. Centrally
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located between Hawaii and Mexico deep-water angta water depths of 4000-6000 m is
densely covered with polymetallic nodules, alsdechimanganese nodules. The tubers are
mostly 3 and 8 cm in size. In addition to an averafj25 percent contain manganese also
around 3 percent copper, nickel and cobalt. Abdlyéheese three latter value metals form an
important source of raw materials for the futureéhé trace metals that are found in the
tubers in interesting concentrations are molybdenitnium and neodymium.

Contractual agreements with the IP stipulate thathecontractor collects environmental
reference data already during the 15-year exptorgthase. Based on these data, the impact
of possible future mining activities will be asssds@nd evaluated before the intervention in
the deep sea habitat. In addition to the collectibbiological data, extensive studies of the
oceanographic conditions and sediment properties raguired (Eg. flow speeds and
directions; particle concentrations in the watdugm; shear strength, composition and grain
size distribution of the sediments, seafloor toppy.

In order to assess the impact of a possible funaaganese nodule mining on the soil fauna
must first be identified on the basis of the abalata undisturbed areas (Preservation
reference zones), which can then be compared wsthrted areas (Impact reference zones).
For monitoring the impact of the reference areastragual in terms of their habitat (species
composition, population density) and tuber densitg sediment properties. Because the areal
distribution of manganese nodules is not uniforargé unspoiled areas would remain
between the economically attractive areas. Theoleazation of disturbed areas could then
take place on these adjacent, non-degraded fields.

A central element in deciding on a future miningll vide the obligation to submit an
environmental impact study (Environmental Impacséssment). In such a study, the results
of 'pre-pilot mining tests' and the related comguari of environmental studies before and
received after the test. Such measures should ns@rinciple both sustainable as
also ensure effective protection of the deep sed ames.

In the years 2008 and 2009 were two exploratigstmstead of the US research vessel Kilo
Moana. The main objective was the detailed topdycap survey of the sea floor in the entire
license area for the creation of a digital terraiodel. In addition, samples were taken to the
spatial variations in the loading density with mangse nodules and their metal content to be
determined. In one funded by the BMBF expeditiothwhe German research vessel Sonne

in spring 2010, extensive studies have been cawigdabout the history of the tubers.

“EMSHIP” Erasmus Mundus Master Course, period oflgtJuly 2014 — February 2015



Deep sea mining — What makes it different to offshmil and gas applications? 44

Another important part of this BMBF-project is teridy of biodiversity in the license area.
Partner in this three-year research project areAlfred Wegener Institute for Polar and
Marine Research in Bremerhaven (AWI), the Leibmgtitute of Marine Sciences in Kiel
(IFM-GEOMAR), the German Centre for Marine Biodisiy (DZMB) in Wilhelmshaven,
the Centre for Marine Environmental Sciences atUhiversity of Bremen (Marum) and the
Max Planck Institute for Marine Microbiology (seeelow). In the spring of 2012, the
German-French expedition BIONOD took place on thenEh research vessel L'Atalante.
The focus of this collaboration, a comprehensivegarison is the diversity and distribution
of soil fauna in the two national license areasefquloration of poly metallic nodules.

The previously analysed samples show a high abwedand diversity of soil fauna. The
Inventory of Species richness and density of sojanisms contributes to the large-scale
acquisition of the habitats in manganese nodulé ket the basis of these data, the IMF
wants to mine reserves of 400 x deport 400 km dholy a total of approximately 30% of the
area of the manganese nodule belt. These areasntred to preserve the unique
ecosystems of the deep sea ensure manganese mhedttubnd allow for recolonization of
harvested areas after a possible future mining.

© Akor Wirth Gmb#

Figure 4.1 Nodule Collecting Model developed by AIBGR, 2014)

The extreme environmental conditions in the saliewaf the deep sea with pressures to 600
bar and temperatures of 2 ° C require a highlystast technology to reduce manganese

nodules. Although no production started after yéarse expected, BGR use the time for the
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development of a contemporary and possible ecodhyeconcept for possible future recovery
from the deep sea. A building block for such purggiechnology is a self-propelled collector,
it was conceived in 2010 at the order of BGR byAker Wirth GmbH. Currently, and BGR

is working with the RWTH Aachen and the Jacobs ¥Ersity in Bremen on a concept for

processing and metal recovery of manganese nodBIEe&, 2014)

4.4 EU Funded Consortiums
4.4.1 MIDAS Project

The MIDAS project - Managing Impacts of Deep-se/Saarce exploitation - is a new,
multidisciplinary research programme that will istigate the environmental impacts of
extracting mineral and energy resources from thepdea environment. This includes the
exploitation of materials such as polymetallic $udigs, manganese nodules, cobalt-rich
ferromanganese crusts, methane hydrates and teatjbtmining of rare earth elements.
MIDAS is funded under the European Commission'sniesaork 7 programme and started on
1 November 2013 for a period of 3 years.
The MIDAS partnership represents a unique comhonabf scientists, industry, social
scientists, legal experts, NGOs and SMEs from adeasope. MIDAS will carry out research
into the nature and scales of the potential impafcisining, including

* The physical destruction of the seabed by minimgation of mine tailings and the

potential for catastrophic slope failures from nagih hydrate exploitation;
* The potential effects of particle-laden plumesha water column, and
* The possible toxic chemicals that might be reledsethe mining process and their
effect on deep-sea ecosystems.

Key biological unknowns, such as the connectivitsgween populations, impacts of the loss
of biological diversity on ecosystem functioningadahow quickly the ecosystems will
recover will be addressed.
MIDAS will work closely with regulatory organisate such as International Seabed
Authority to develop the guidance framework for lexgation of seabed resources. The results
from MIDAS will also serve to inform EU Member Stategulartory obligations (e.g the
Marine Strategy Framework Directive), not least dgeking to provide critical thresholds
needed to establish the precautionary principlestmuring a viable and sustainable seabed
mining operating framework. The key aim of the pabjis to ensure theat policy makers and
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stakeholders have access to the best availablatificie technical and socio-economic
knowledge regarding seabed mining.
The main expected outcomes of MIDAS are:
e I|dentification of the scale of possible impactsd atieir duration, on deep-sea
ecosystems associated with different types of megoextraction activites;
» Development of workable solutions and best pratceles for environmentally
sustainable and socially acceptable commericalitagi
» Development of robust and cost-effective technigie@smonitoring the impacts of
mineral exploitation and the subsequent recovelgcobystems;
*  Work with policy makers in the European and intdoral arenas to enshirne best
practice in international and national regulatiang overarching legal frameworks.

The MIDAS parternship are across Europe and listdaklow Figure 4.2.

THE MIDAS CONSORTIUM

The MIDAS partnership represents a unique combination of scientists, industry representatives, social

scientists, technologists, legal experts and SMEs from across Europe. Qur partners are:

Seascape Consultants Ltd, UK University of Bremen, Germany

Natural Environment Research Council, UK University of Tromse, Norway

GEOMAR, Germany Wycliffe Management, Poland

lfremer, France Median SPC, Spain

University of Southampton, UK University of Bergen, Norway

Instituto do Mar, Azores Gianni Consultancy, the Netherlands

Alfred Wegener Institute, Germany University of Algarve, Partugal

International Research Institute Stavanger, Norway Deep Seas Environmental Solutions Ltd, UK
Senckenberg Institute, Germany Universite Pierre et Marie Curie, France
University of Gent, Belgium Coronis Computing SL, Spain

Norwegian Geotechnical Institute, Norway IHC Mining, the Netherlands

NIOZ, the Netherlands Fugro Geos, UK

Natural History Museum, UK Environmental Resources Management, UK
CoNISMa, ltaly Dredging International, Belgium

Scottish Association for Marine Science, UK BGR, Germany

University of Barcelona, Spain F.P. Shirshov Institute of Oceanology, Russia

Figure 4.2: Partnership of MIDAS Project

Source: www.eu-midas.net
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4.4.2 Blue Mining Project

The Blue Mining project will interact with otheritratives, current and past research projects.
These are European Commission funded initiatiiks, FP7 MIDAS (The MIDAS project
addresses fundamental environmental issues reladitige exploitation of deep-sea mineral
and energy resources) and ERA-MIN (Era-Min — Netnam the Industrial Handling of Raw
Materials for European Industries). Next to thie Blue Mining project will interact with the
EC Study: “Study to investigate state of knowledf®eep Sea Mining”.

The overall objective of Blue Mining is to provideeakthrough solutions for a sustainable
deep-sea mining value chain. The project aims teeldp the technical capabilities for
accurate and cost-effective discovery, assessmmengxéraction of deep-sea mineral deposits
from water depths up to 6,000m, as this is theirequange where valuable seafloor mineral
resources are found. Controlling these three cépesiis the key to accessing raw materials,
decreasing EU dependency on imported resourcesstegrtjthening Europe’s mining sector
and its technology providers.

Blue Mining has adopted the land base mining ptajegelopment approach as the backbone
for economic, overall technical environmental aedal evaluation. For the scientific and
technical approach, Blue Mining has adopted thechhelogy Readiness Level (TRL)”
methodology. TRL is a measure used to assess thitpaf evolving technologies (devices,
materials, components, software, work processe&y, during its development and in some
cases during early operations. The TRLs for théagapon of eSMS and SMnN are raised by
research into self-potential surveys, controlledirse electromagnetic surveys, optical
mapping and geochemical grid sampling. Furthermggesmic imaging, sub-seafloor drilling
and sonar mapping — together with inversion of tata — will be used for faster and more
reliable resource assessment.

The research into the exploitation of a deep-se@enfwcuses on bringing the TRL of the
vertical transport system (VTS) to a system denraheh level (in a relevant environment).

A design methodology for the VTS will be devisedgluding investigation into wear, and
models for the slurry flow and riser dynamics. BMmming will also create its own design

for the VTS. This will be integrated into a concepsign of a full deep-sea mining operation,
including ship-to-ship transfer of ore.

The UK-based National Oceanography Centre is iraciv “MIDAS and BLUE MINING”

projects and others in support of deep-sea expdorajeological and ecosystem modelling.
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4.4.3 Conference and Events

Offshore & Deep Sea Mining conference is held ohMevember 2014 in London and many
expert speakers from different companies such &, Bnd ABS are discussing about
establishing economic feasibility, developing regoty policy and capitalising on
commercial opportunities. This event is aimed tmpanies seeking to explore opportunities
in the deep sea mining industry and the followimgids are discussed.

» Discuss utilising existing technology for deep saaing and explore diversification
opportunities for companies involved in offshorkard gas, dredging and land-based
mining

* Assess the commercial potential, examine the bsisinase and get to grips with the
economic fundamentals of deep sea mining

* Receive direct operational feedback from offshonel @eep sea mining projects
already in progress around the globe

 Hear from key regulators including the Internatiorfgeabed Authority and the
European Commission

» Scrutinize technical challenges and knowledge gaps,identify R&D and innovation
hot-spots

* Analyse the international mining support vessel keatand discuss designing and
equipping of purpose-built vessels

Furthermore, another conference called “Deep SeanigliSummit 2015” will be held its
third annual event in Aberdeen, UK off Bebruary 2015. It will bring together a large
array of solution providers, upcoming deep sea mjnmembers from the scientific
community, and those within allied industries wagtito learn more about the
opportunities within this emerging marketplace. I6wing the huge success of the
previous Deep Sea Mining Summit, this year’s olpjecis to build on and identify new
and innovative technology developments, technioavikhow’s, and to focus on the real
challenges which face a new breed of deep sea snewed industry providers. Case
studies and real results will address the issues.
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4.5 Benchmarking of Other Class Societies

In order to sustain the economic growth and in@dagsemand for metals in the face of a
dwindling supply on land, mining companies are highterested to explore the seafloor for
mineral resources. The mining companies (both aotdrs and equipment suppliers)
positioning themselves in the seabed mining mankkkthave the opportunity to benefit. At
the same time, classification societies will haame opportunity to work for contractors and
suppliers in certification of mining tools, consadf project definition for exploration,
assessing the potential environmental impacts amyiging technical solutions. Most
classification societies such as ABS, DNV and Lleydegister established sets of rules and
regulations for marine offshore industry and somagehbeen involved in deep water field
developments. In this section, benchmarking aatwiof some classification societies for

deep sea mining are reviewed.

4.5.1 DNV GL
DNV GL is the member of Deep Sea Mining AlliancesAsiation which is founded by the
National Masterplan Maritime Technologies of the@an government in April 2014. Major
goals of the association are the preparation of nceruial, technological and scientific
projects on deep sea mining as well as a betterdowiion of national and international
activities on an environmentally friendly and siusdble exploration and exploitation of
marine mineral resources.
EU based consortium, Blue Atlantis will establigte tworld’s only deep-sea mining test
facility, covering RTD, mining tests, standards elepment and market access support. The
consortium has 45 partners from 8 European cowsnditieng the entire value chain. DNV GL
is one of the partners and envisions a commitnepetform classification, certification, and
advisory services in the form of management systenfication, environmental assessments,
feasibility studies, approval in principle of undeter vehicles and mining tool concepts prior
to detail design, support vessel integration, gafatalysis, development of the mining
standard, and training services with respect to féi®wing work packages with other
partners;

e Environmental monitoring and assessment

» Exploration activities for SMS in the EEZ of the dxes

* Mining Equipment Development
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Evaluation of the R&D projects
Preparation of the mining support and productiosseé
Standards and risk

Education and Training Programmes

Furthermore, DNV GL will join the Deep Sea Miningi8mit 2015 as speaker and will

discuss the following key points under the topidlech ‘A risk-based approach to handle

environmental aspects in deep sea mining'.

Assessing the environmental impacts caused by slemining activities.

Guidelines for contractors for the assessment afsipte environmental impacts
arising from exploration.

Developing a method based on identifying possibdgands and assessing their
probability and consequences.

A risk-based assessment of deep sea mining prdjastd on existing guidelines.

Moreover, DNV will be partially involved in certdation of the Launch and Recovery

System (LARS) of the first production support vésshkich will be chartered by Nautilus

Minerals Inc. The following DNV rules and regulaigshall be complied.

DNV Standard for Certifications of Lifting Appliaes No. 2.22, October 2011 (The
Launch and Recovery System for SPTs with all assediequipment and fittings are
supplied with DNV certification and shall requikat testing on board in accordance
with same).

DNV stands for Lifting Appliances (The 200t Subseane, 100t Ship to Ship Crane,
2 x20t Knuckle boom on deck cranes, lifting geardbips maintenance, lifting gear
for SPE maintenance are to be supplied with DNVifeation and shall require load
testing on board in accordance with same)

DNV, AISC standard for structural Steel Buildingehé Dewatering plant shall be
supplied in compliance with these standards witkigiteverification, inspection and
certification by a reputed third party approvedihy CHARTERER).

API Offshore Structure Standards ( The Derrick wathassociated equipment and
fitting and substructure, the gantry and riser eysshall be supplied in compliance
with these standards with the design, inspectiah @artification by a reputed third
party approved by the CHARTERER).
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4.5.2 ABS

ABS is one of the world’s leading classificatiorcsties in marine and offshore facilities and
has developed a suite of classification rules antleg, with enhanced standards and
associated notations for the classification ofliddl systems in deep water. Based on the
combination of FPSO and drilling system regulatjoABS steps into the deep sea mining
industry as registered classification society foe first mining support vessel which is
designed by Dubai based company Marine Assets @aipo (MAC) and will be built in
Fujian Mawei Shipyard in China. The vessel will tieartered to Nautilus for a minimum
period of five years, with options to either extehd charter or purchase the vessel at the end
of the five-year period. The vessel will first seras the operational base for the joint venture
to be formed by Nautilus and the Independent Siateapua New Guinea’s nominee, Eda
Kopa (Solwara) Limited, a wholly owned subsidiafjP@tromin PNG Holdings Limited.

When completed, the vessel will measure 227 meatelsngth and 40 meters in width with
accommodation for up to 180 people and generateogippately 31MW of power. All of the
below deck mining equipment will be installed irethessel during the build process to
minimize the equipment integration to be complekatbwing delivery of the vessel. The
vessel is expected to be delivered by the end b7 20

ABS has also been engaged by Trans-Tasman Resdursesi for certification of the
Mining Vessel and trans-shipment Vessel which wél used in iron ore extraction in EEZ
area. The vessel will designed in accordance withrules and regulations of ABS as a
special purpose mining vessel for site-specific ingn activities according to ABS
classification rules and regulations with the Figte for this vessel being New Zealand.
Moreover, ABS technology director, Mr. Sudheer Ghawill lead the discussion about
classification of deep sea mining vessels at deapgrgning summit 2015 which will be held
in UK on February 2015.
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5 ENVIROMENTAL IMPACTS AND MITAGATIONS

5.1 Introduction

This chapter defines the potential environmentapaots and examines some of the
uncertainties surrounding the mining resourcebedins with a brief review of experiments
conducted to examine deep-sea mining impacts frodule mining experiments. Then it
evaluates potential impacts and offshore issuesngrifrom deep-sea mining of SMS if
explored. Each category is followed with a briefalission of mitigation approaches that have

been submitted or are being pursued by the compamnielved.

5.2 General Environmental Impact of Deep Seabed Ming

The environmental impact from deep sea mining can divided into three main
environmental problem areas (Markussen, 1994).

1. Impact on the seabedAs the cutter and/or collector unit gathers omiil destroy the top
layer of the seabed causing major disturbance #@srdpdion to the flora and fauna in the
mining tracks. In addition, a particle plume wilk lcreated by the cutter head or the
propulsion system of the collector unit which vatir up sediments. As a result in sediment
rich areas organisms in and around the tracksbailpartially or entirely buried. In the areas
where sediment coverage is low (such as recentated ocean floor around active
hydrothermal vent systems, where mining for sedlyehiothermal sulphides may potentially
become important) there is a likely potential ofosinering, clogging and contamination of
vent communities by drifting particles. For organssfound in the mining tracks a mortality
rate of 95-100% may be expected.

2. Discharge of waste water from the mining shipThe ore collected and crushed on the
seabed will be brought to the surface as slurryaoimg both crushed ore and water. When
the slurry reaches the surface there will be aigladischarge of waste water containing
particles and trace metals. Depending on the digehéocation of the waste water the
discharge may interfere with light penetration aadluce photosynthesis in the surface layers.
Furthermore, the waste water may be consideralitiecthen surface water.

3. Onshore processing Onshore processing produces waste water, tailmgsslag. Here

roughly the same problems will be encountered dand-based mining operations, although
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the ore composition and resultant waste from seabi@thg may differ from that of land-
based mines.

There are other types of environmental impact foeap sea mining, such as the possibility
of accidental discharge of oil or ore during tram$pnoise/vibrations on the seafloor and
aerosols at the surface.

Noise -Underwater radiated noise propagates far from ecedi@.g. around 600km distance
from the mining site at Solwara 1 project). Bothiface and seabed equipment can generate
noise in seabed mining operations.

Underwater radiated noise from floating vessels dra®ffect on marine species. A seabed
mineral mining ship usually stays in the same ase®l makes noise continuously. The
density of marine life is higher near the surfeaed creatures in these zones are exposed to
noise from the vessel.

Deep seabed equipment is another significant repsece. The sound from a deep seabed
source tends to be transmitted upwards, becaudertiperature at the deep seabed is usually
lower than upper layers of sea water. Consideltiegdistance that noise may propagate, it is
apparent that noise from seabed mineral mining mashand processing equipment may
affect creatures living in all zones of the sea.

Light Emissions Light disruption should also be addressed. Inciekéight levels may affect
the biotic communities inhabiting these depthsgesithe abyssal environments lack light and
all the characteristics of these organisms are tadafp these conditions, e.g. organisms
relying on bioluminescence. Any seabed mining apamas likely to have sources of light
where human operator control is required. Thigkely to be in places like ROVs, mining
excavators, etc. Prior to full-scale operationghting studies are necessary, in order to test
different light spectra, and examine which spectaitracts the fewest organisms.

Heat -Another potential issue is temperature rise, caukethg excavation, pumping and
extraction processes. All of these are potentialrges of heat; the dredged material is
transferred through pipeline, where friction andwil generate heat; chemical leaching is
exothermic and mechanical excavation may generate meat. Tailing discharging, which
takes place after the separation process, will gsbybraise the water temperature locally. A
second possible disposal shall be neutralized,icadiquids expelled from the previous
chemical processes. It is expected that these svasilealso be of higher temperature than the

surrounding environment. However, the ambient odeamperature is around 20C, which

“EMSHIP” Erasmus Mundus Master Course, period oflgtJuly 2014 — February 2015



Deep sea mining — What makes it different to offshml and gas applications? 54

means that the interaction between cold ocean astewwill lead to waste temperature
reduction eventually.

There is still a concern, though, since the heagiffigcts on the benthic communities are not
clearly known, yet. Since the dredging machine lay important role in the whole
procedure, a possible discharging delay (due tapemgnt malfunction or other possible
cause) could probably lead to higher waste tempezatcausing potentially greater
environmental harm. However, in some cases itdsmenended that there is a possibility for
cooling/refrigerating during the processing, sa ti@ amount of thermal pollution from the
effluent discharging on the seabed is reducedr{&t&i009).

These impacts are usually not identified amongntiagor environmental problem areas of
deep sea mining in the literature reviewed (Markns4994, ISA, 2008b, ISA, 2011).

5.3 Environment Impacts and Management Plan of Nodas Mining

5.3.1 Environment Impacts

Over the last decade a number of studies wereedawut to investigate the biological
environment of potential mining areas of polymétatiodules in CCZ and the impact mining
activities would have on the environment of thigaar(ISA, 2011), (ISA, 2008b) and
references therein). Based on the performed studéssummarizes the environmental
impact of polymetallic nodule mining in CCZ as tolis (ISA, 2008b):

Abyssal nodule mining will affect large areas ok tkea floor owing to direct mining
disturbance (estimated scales of 300-600 km2 par)yand redeposition from sediment
plumes (over scales of 10-100 km from the mining)siThe redeposition range of 10-100 km
mainly is due to near-bottom plumes created bynigsl from the mining head during nodule
extraction from the sea floor. Plumes in the watdumn derived from sediments attached to
nodules during lifting from the seabed will contairders of magnitude less sediment mass
than near-bottom plumes, but may drift for yeard disperse for several hundred to over
1000 km, depending on release depth. However, baisdtie estimated mass flux of lifted
sediments and the estimated space scales over wWigsk particles will be deposited after
dispersing more than 100 km, resultant depositadasr will be much less than ambient net
sediment accumulation rates in the region. Thusb#mhic ecological impacts of a water
column plume after dispersing more than 100 kneapected to be negligible.
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Each mining claim area consists of 75,000 km2 affksor. Over the 15-year timescale of an
individual mining operation it could be mined viatly anywhere within the claim area, so for
conservation management the entire claim area beusbnsidered to be potentially directly
impacted.

Benthic ecosystem recovery from mining impacts Ww#él very slow, requiring decades or
more for the soft sediment fauna and thousandsiltimms years for the biota specialising on
polymetallic nodules.

Over the timescales of benthic ecosystems recofgraijennia), all current mining claim
areas will potentially be exploited. The slow eisyn recovery rates at the abyssal sea floor
will cause the environmental impacts of mining ® Wwidespread and simultaneous across
CCZ. To ensure protection for the marine environmieom harmful effects of mining
operations in CCZ, ISA has established severasraitel regulations (ISA, 2000), (ISA, 2002)
and (ISA, 2011). Some of the main aspects of thealations for protection and preservation
of the marine environment during exploration angleitation of polymetallic nodules in the
CCZ that may affect contractor activities in theaare summarized below.

Site specific environmental baseline studies

Every exploration contract for polymetallic nodulgisall require the contractor to gather
environmental baseline data and to establish emwiemtal baselines against which to assess
the likely effects of its programme of activiti®®hen applying for approval of a plan of work
for exploration a description of a programme foeamographic and environmental baseline
studies must be provided. Contractors will prowviaeir environmental data from the CCZ on
an annual basis to the ISA. The guidelines forrdngiired environmental baseline studies are
provided (ISA, 2002).

Site specific impact reference zones and preservati of reference zones

According to the governing regulations (ISA, 20@ayd (ISA, 2011) if the Contractor applies
for exploitation rights it shall propose areas o det aside and used exclusively as impact
reference zones and preservation reference zdngsact reference zones" means areas to be
used for assessing the effect of each contractmtivities in the Area on the marine
environment and which are representative of therenmental characteristics of the Area.
"Preservation reference zones" means areas in wmichmining shall occur to ensure
representative and stable biota of the seabedder do assess any changes in the flora and

fauna of the marine environment. Impact referermeeg should be designated to be within
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the seabed claim area actually mined. Preservaéifamence zones should be designated to
include some occurrence of polymetallic nodulesiider to be as ecologically similar as

possible to the impact zone and to be removed protential mining impact.

5.3.2 Environmental Management Plan for the Clarie@lipperton Zone

On the 26th of July 2012 the Council of the Intéioraal Seabed Authority adopted a decision
to establish an environmental management plan lier Clarion-Clipperton Zone. The
environmental management plan for the Clarion-@ipgn Zone establishes nine areas of
environmental interest to protect the biodiversihd ecosystem structure and functioning of
the zone from the impact of mining of polymetaliodules in the area, as shown in Figure
2.4. The nine areas of environmental interest g@@nx 400 km each. The placement of areas
of particular environmental interest avoided oveneith licence areas, as well as reserved
areas where possible. By establishing the nine samgfa environmental interest the
environmental management plan aims at protectingp &% of the total CCZ management
area. The environmental management is implememtedrf initial three year period which
includes the designation of a network of areasanfigular interest.

The plan will be applied in a flexible manner tdoal improvement as more scientific
technical and environmental baseline data are adail The decision states also that for a
period of five years from the date of the decisoynuntil further review by the Legal and
Technical Commission or the Council no application approval of a plan of work for
exploration or exploitation should be granted ia #neas of particular environmental interest.
The plan was formulated based on results from eiterscientific studies on biodiversity in
the polymetallic nodule ecosystem in the Pacificdtde Province (ISA, 2008a, Tilot, 2006)
and data and assumptions from workshops held ii7 20@ 2010. Faunal communities vary
across CCZ, with north-south and east-west grasli@mtproductivity, depth and other
environmental variables. In order to protect thie range of habitats and biodiversity across
the CCZ, destructive seafloor activities must belwded in particular areas distributed across
those gradients. The areas of particular environahenterest were chosen so that they
contain large areas with self-sustaining populatiand a broad range of habitat variability.
Moreover, those areas should not be affected thrést physical activity or indirectly by
mining effects such as plumes, although the degfampacts raised by potential deep sea

mining is still unknown. Based on a consideratibermvironmental and impact data briefly
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“igicy  Biogeographic Provinces and Proposed Areas of Particular Environmental Interest in the
;gi Clarion-Clipperton Fracture Zone
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Figure 5.1: Location of the areas of particular iEsnmental interest, indicating the nine
biogeographic sub regions, the core of each argaadicular environmental interest and the buffer
zones. (ISA, 2008)

summarized above it was determined that a secfi@ach area of particular environmental
interest should be protected. Each section shoaildtlbeast 200 km in length and width, i.e.
large enough to maintain minimum viable populasares for species potentially restricted to
a sub region of the CCZ and to capture the fulgeanf habitat variability and biodiversity
within each sub region. In addition each sectioparticular environmental interest should be
surrounded by a buffer zone 100 km in width to emghat it is not affected by mining
plumes from any activities immediately adjacentaio area of particular environmental
interest. Thus the dimensions of each full arepasficular environmental interest, including
the 200 x 200 km section surrounded by 100 km butme, should be 400 x 400 km, as

shown in Figure 5.1.
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5.4 Issues, Mitigations and Residual Impacts of SM&iining in Solwara Project

5.4.1 Offshore Issues

Impacts on the seafloor and its biological commiasitvill arise from a number of sources, as
represented in Figure 5.2. The Seafloor Productmols (SPT) will directly remove seafloor
substrate, including active and inactive areassioguoss of habitat and associated animals.
Disturbance to the seafloor and sedimentation negllt from mining and from the removal
and relocation of the surface layers of unconst@iaediment (and some competent waste
material) to the outer margins of Solwara 1(FigWe). Water containing elevated
concentrations of metals and some retained sedéfenn the dewatering of ore will be

discharged 25 to 50 m above the seafloor.

Figure.5.2: Potential Impacts from Offshore Minidgerations

Source: Environmental Impact Statement (Nautilusdvkls, 2008)
Once dewatered, barges will transfer ore to the &foRabaul, where it will be unloaded for
temporary storage prior to export. The most sigaiit source of underwater noise is
predicted to be from cavitation noise produced iy thrusters on the Production Support
Vessel (PSV), although this will not be substattidlfferent from the underwater noise from
the vessels involved in exploration and reseafamplanned events were to occur, additional

iIssues could arise from loss of material from abrarconditions, ranging from minor leaks
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of hydraulic fluids, pump and rise pipeline failsyespillage of ore during transfer, to ship.
(EIS, 2008)

o 100 i 0 T 6 i) £

Figure 5.3: Unconsolidated sediment at Solwara 1

Source: Environmental Impact Statement (Nautilusdvils, 2008)
5.4.2 Mitigation — Natural
There are many mitigation approaches open to Neutihcluding design of the mine plan
based around enhancing natural aspects of the ijmgv&nvironment and minimising
impacts. Mining cannot remove or exhaust the nhtwgating energy source at Solwara 1,
which will continue until the underlying geothernmetergy source naturally dissipates. The
active venting field will remain, chimney structarewill reform and the underlying
hydrothermal energy basis will still exist for thetential re-establishment of vent-dependent
and associated communities.
The time sequence for the recovery of fauna isknotvn precisely but it is expected, from
observations during research surveys, that withfiemayears, the major faunal elements will
have re-established. It is also evident that arsrinaing in such a highly mineralised area are
tolerant to the naturally elevated levels of metalambient water and sediments compared
with those from mid water or shallower and lessuradly contaminated environments.
Disturbance of the seafloor and the return of watet some entrained sediment to its area of

origin is unlikely to affect the resident benthiuraals as it might do to the shallow water test
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organisms. Even so, the assessment of potenti@dtafrom water and sediments (e.g., from
dewatering) are based on calculations of dilutiantdrs to meet ANZECC/ARMCANZ
(2000) water quality guidelines for dissolved metal

The presence of natural plumes over the Projec ared periodic volcanic deposition
originating from North Su (approximately 1 km scedlkt of Solwara 1), and other sources
indicates the dynamic natural processes at playthiWwithis setting, localised sediment
disturbance and dewatering discharges are expexteziminor.

There are also physical limitations to the areawlch the SPT can operate, for example,
there are limitations to the hydraulic systems atewtemperatures above 350C. Temperature
sensors on the SPT will detect ambient temperagodblat it can withdraw from the area in
the event of detection of excess temperature. kKtentof the area unable to be mined for
reasons of temperature is not fully known but ieigpected that the SPT would be able to

operate up to 1 m from any hot vent. (EIS, 2008)

5.4.3 Mitigation — Seafloor Biodiversity Protection

The operational mitigation strategies describedwedre aimed to reduce the impacts to the
seafloor environment to levels as low as can beeset. These have been developed in
consultation with the research scientists who cotetlithe research and impact assessment
work. The main objectives are the protection ofdiuersity and maintenance of nearby
communities of animals to enhance the rate of regowpost-mining. The three ways
proposed to maximise recovery success are thegbimigfrom current mining) of a nearby
reference area at South Su, the retention of teanpoainmined refuge areas within Solwara 1,
and the enhancement of recolonization by translmtaif animal communities from areas
about to be mined to areas where mining is complete

While it may be difficult to determine which of e methods is most effective,
demonstration of recovery and ecological sustalitphs the immediate priority of the
Project. (EIS, 2008)

Unmined Control Area at South Su

South Su is proposed to remain as an unmined doatea about 2 km up current from
Solwara 1 until the completion of mining and comi@tion that the rehabilitation techniques
are effective at Solwara 1. It is expected to pe\a source of recruitment to mined areas and

provides a control location to set up transectadmitor natural variations in vent activity and
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communities over time. Biological comparisons of tivo areas have shown that the active
sites at both Solwara 1 and South Su share the bemmass-dominant species and generally
similar indices of diversity and community struasir Where there are significant differences,
South Su generally has higher abundances of segosgacies and higher dominance of
some groups. Some recruitment may also come frorthN8u, where mining is not currently
planned. However, because of the continuous aatmeditions and sediment-occluded
visibility at North Su at the times of surveyshds not been possible to characterise its vent
communities to the same extent as at Solwara Santh Su. (EIS, 2008)

Temporary Refuge Areas within Solwara 1

Not all of the resource can be mined simultaneoudining will be sequenced according to
the mine plan that currently proposes that minihthe mineralised East and Far East Zones
will be the last in the development of the Solwaralherefore, these areas will function as
undisturbed sources of parent fauna and supplarebé within Solwara 1 for the greatest
amount of time. However, it is difficult to predoei which areas will be the last to be mined,
or the size of any areas potentially set asideehgje areas, while allowing for flexibility in
the mine plan during the progress of mining.

This is referred to as a ‘temporary refuge areag & is based on the expectation that
recovery will be sufficiently well-progressed to etespecified criteria that monitoring can
demonstrate that the major community elements, (ire. three biomass-dominant species)
have re-established at active chimneys in the esirlinined-out area, to enable the refuge
areas to be mined. However, mining at the refugasamwill not commence until these
recovery criteria have been met. (EIS, 2008)

Transplant of Animals

The loss of animals in the path of the SPT is pHytiavoidable and it is proposed that the
ROV remove large clumps of rock substrate withbitdogy intact and relocate them initially
to unmined areas for preservation and ultimatelyawnting areas where mining is complete.
These clumps will be targeted to maximise the b&sydominant species and any other
associated attached or sessile fauna. Monitorifigo@iundertaken to confirm the success of
this strategy. The extent to which this will be dos a matter of practicality and will be

undertaken opportunistically and during routine rtaring. (EIS, 2008)
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Artificial Substrate

Colonies of bamboo coraKératoisis sp.) are characteristic of hard substrates in mainl
inactive areas away from the vent ecosystems aisdeixpected that recovery of these, and
their associated fauna after disturbance, will lmsver (compared with animals of active
areas). In order to enhance this process, haldmsetit surfaces (e.g., concrete plates) will be
located in appropriate areas. Using the ROV, reprtasive stands dferatoisiswill also be
removed from the path of mining (where multiplensks are within easy access of the ROV),
and repositioned in structures such as crates,eathely might reform attached colonies. The
survival and growth of such transplants will be mared, with continued relocation if
successful. (EIS, 2008)

Disposal of Unconsolidated Sediment and Competent &8te Material

The Solwara 1 deposit is variably covered by arourolidated sediment layer composed of
fine silt and clay as well as containing some campewaste material within the designed
mine area that is below the mine cut-off grades proposed to remove the unconsolidated
sediment (approximately 130,000 t) before miningioences in each area by side casting to
the outer areas of Solwara 1 mound as outlinedgaré 5.3. The competent waste material
(approximately 115,000 t) will also be relocatedite same area. Side casting has less impact
on this material than transporting the materightsurface and returning it to the seafloor, as

there will be no temperature or oxygenation chan@es, 2008)

5.4.4 Mitigation — Protection of Coral Reefs anddgtieries

Dewatering Plume

The avoidance of impacts on coral reefs, fish ardgd marine animals such as whales,
dolphins and turtles from discharge of water anttagmed sediments from the dewatering
process on the PSV will be achieved by:

* Discharging at depths between 25 to 50 m abogesdfafloor to confine all impacts to the

bottom zones from where the water/sediment origohaBenthic animals are most adapted to
this material while surface and mid-water specigknet be exposed.

» Retaining all particles above (nominally) 8mmsize, which is expected to significantly

reduce the quantities of sediment lost in the dewdischarge. The proportion of particles

below this size is estimated to be less than 5#%efotal suspended solids.

* Limiting the exposure time to surface temperatumed oxygenation to 12 minutes, thereby
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reducing potential for geochemical changes. Tentpers are not expected to exceed 13.50C
(Note that it is expected to take some start-upetiamd initial trials to achieve these
equilibrium conditions of handling time and disatemperatures). Additionally, the pipes
used to transport the return water to the seafldgbbrallow for cooling of the return waters.
(EIS, 2008)

Surface Activities: PSV and Ore Transfer

An exclusion zone of 500 m will apply around theWP§&t all times to avoid risks of
collisions. This is a minor area of fishing excusifor mainly commercial tuna fishing, but
the Project area is not one from which catch restatistics indicate there would be any
significant impact. Normal maritime navigationaldacommunications procedures will apply
for all shipping in the area to maintain safe dists. Being so far offshore, the recorded
frequency of inshore vessels such as canoes arth@ssels occurring at Solwara 1 is low.
The main source of underwater noise from the Praogethe operation of the thrusters on the
PSV. Modelling suggests these levels attenuatelisapithin the first 2 km and could only be
sufficient to cause whales to deviate in directibthey approach within 1 to 2 km of the
source, although some attraction or avoidance hehtiamnay occur beyond this distance until
animals become accustomed to the operations. S@radasufficient to cause physiological
harm and as a stationary source, risks of collsmmsudden exposure to loud sounds are low.
Tug and barge movements will also be very slowo(B knots) and easily avoidable by large
marine animals and other vessels. (EIS, 2008)

Hazard Management

The risks of major losses of equipment or spillsod or fuel oils (during operational and
abnormal conditions) will be extremely low with timaplementation of best practise vessel
and equipment maintenance procedures, navigatponaedures, safety plans, environmental

management plans, and emergency response plags 2(#I8)

5.4.5 Residual Impacts

The residual impacts that are predicted after thplementation of the aforementioned
mitigation measures are described as follows.

Venting

In areas where the SPT has completed mining, \guatirfluids will continue at new or pre-

existing locations. New chimney structures will rstéo reform within hours to days
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(depending on temperature and chemistry of vertinds), as the vent fluids mix with the
seawater causing metal sulphides to precipitatdugsi venting may also continue in any
mined areas where soft sediments settle, althaugjnei directly mined areas, the majority of
the existing soft sediments will have been minecearoved. (EIS, 2008)

Biodiversity and Endemism

After an area is mined, recolonization around &tyiwenting areas is expected to follow a
succession that is initiated by the rapid (daysvéeks) formation of microbial mats on the
newly exposed surfaces, followed by the establistiroé the characteristic vent-dependent,
zone forming snail and barnacle species and tlsswaated fauna respectively, as described
at other ocean vent systems. The rate of recovdhydepend on the relative success of the
following main mitigation measures:

* Active relocation of clumps of biomass-dominaninaals to suitable unmined or mined-out
areas.

» Migration of adults or settlement of larvae prodd by those adults from the unmined areas
or temporary refuge areas within Solwara 1.

» Settlement of larvae produced from the unaffectechmunities of the South Su control
area.

With these measures, it is expected that, aftearssition period of a few years post mining,
populations characteristic of active sulphide mauwil return and reorganise to a condition
(biomass and diversity) that resembles the prengirstate, with overall effects being
reversible and moderate.

In the inactive hard (sulphidic) surfaces and sedits, it may take more years to return to
premining conditions, due to presumed slower growttes. Actions to enhance
recolonization ofKeratoisis and its associated secondary species will be meuaitdo
determine recovery rates.

The efforts of Nautilus to set aside refuge areas ® salvage and relocate animals are
expected to lower substantially the risks of lokbiodiversity and endemism. At the inactive
sedimentary areas, natural recolonization is exgetd occur but will be slow, with no
practical means of enhancement by relocation offiefauna. (EIS, 2008)

Disposal of Unconsolidated Sediment and Competent &8te Material

The coarser fraction of disposed material will dhpisettle immediately downslope of the

disposal point and form mounds slightly over 500 eep. Lighter materials will travel
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further from the disposal points, and the lightestiponents of the disposed materials will
form plumes near the seafloor.

Plumes will rapidly settle on the seafloor no ferttthan 1 km from the point of discharge
around Solwara 1. The resultant footprint depth kel between 0.18 and 500 mm and cover
an area just over 2.3 km2. Some deposition willuodarther afield, but at a thickness less
than natural sedimentation rates.

The material being entrained is not expected toergw significant geochemical change
through reaction with seawater under the conditithmst exist within the environment
downstream of Solwara 1. Fauna in areas of settlermeSPT-induced sedimentation and
unconsolidated sediment may be smothered; howthene is very low biomass in the areas
that are being considered for sediment placematdrdtitial microbial animals are likely to
survive the processes of relocation and resuspeissitlement of sediments by the SMT in
newly settled area. Expected impacts are theref@ialy to filter feeding organisms outside
the area of mining. (EIS, 2008)

Suction and Loss of Organisms at the SPT

The water pumped from the SPT to the vessel willepimally contain some entrained
organisms such as planktonic larvae or small fisth ¥vould not be able to survive the rise to
surface. The net movement of water over Solwara & height of 20 m above the seafloor)
measured over 12 months is in the order of 8,800disly. The volume of water sucked in by
the SMT during mining is estimated at 24 ML/day,iethrepresents less than 0.3% of the
potential larval entrained water around the moygts, 2008)

Plumes from Dewatering Discharge

Results of elutriate tests indicate that, at thatpaf discharge, concentrations of some metals
contained in water released to the environment ballabove ANZECC/ARMCANZ (2000)
guidelines for 95% protection. A 600-fold dilutiomill be required before guidelines for
metals are met. Hydrodynamic modelling indicated the required number of dilutions will
be achieved 85 m from the point of discharge.

Plumes of suspended sediment formed from mateniahieed in the return water discharge
will require a 5,000-fold discharge to meet ANZEBRMCANZ (2000) guidelines for 95%
protection levels for total suspended solids. Oerage (i.e., for 183 days per year), plumes
will not extend more than 900 m beyond the pointistharge (and cover an area of 0.81

km2) before meeting the target TSS concentratioteption levels.
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Additionally, plumes will not rise above 1,300 mtetadepth and will not affect North Su or
South Su, instead they will generally occur abowgkv&ra 1 and to the northwest. Suspended
sediment will flocculate and settle on the seaflapproximately 5 to 10 km to the west and
northwest of Solwara 1. Maximum depositional thiekses will not exceed 0.1 mm and rates
of settling are less than existing deep-sea sedatien rates as measured at Solwara 1 and
South Su.

Within the context of the ambient seafloor geolagy the fallout from the particulate plumes
originating from North Su, and to a lesser exteott§ Su and Solwara 1, the animals are
likely to be adapted to naturally elevated metalosmtrations and sedimentation. (EIS, 2008)
Surface Activities

The application of an exclusion zone and normalitma navigation and communication
procedures will limit the impact of the operatidoghe area of the site.

Characteristics of the PSV’s thrusters have beed tis model noise attenuation, which is
rapid for the first 2 km, then slower beyond th&tahce in deep water (with an assumed
reflective basaltic seafloor).

Levels are insufficient to cause any physiologttatm. As with all vessels in open oceanic
water, noise will be audible for considerable dists but all received levels are expected to
be below 140 dB re 1 !'Pa within about 1,100 m freource. The PSV will be stationary,
thereby reducing any significant risks of collissoor interference with whales. While some
avoidance or attraction may occur, even as fabaal from the vessel, habituation is likely.
Experience from analogous situations, wherein whabgations off the east and west coasts
of Australia and west coast of USA continue padshare oil and gas infrastructures,

suggests that any risks from the operation areideres] to be very low. (EIS, 2008)
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6 CASE STUDY ON SOLWARA 1 PROJECT

6.1 Introduction

Nautilus Minerals Inc. (“Nautilus”), the world’srit company to explore the ocean floor for
polymetallic seafloor massive sulphide depositsated in the Bismarck Sea, Papua New
Guinea (PNG) where it is aiming to produce copgetd and silver. In this chapter, case
study on first mining project called Solwara 1 Rgtjis reviewed and analysis on the progress
of exploration results and its production developmplan. Firstly, sea floor production
system of Nautilus Minerals is introduced in thgibaing of the chapter and followed by its
project estimation of the capital and operationesxjiture. Thereafter, the focus moves to
review on the oceanic environment background oftiogect and the potential environmental
impacts and mitigation strategies are discussede®d@r, the current financial statement of
Nautilus Minerals is evaluated and finally the legad environmental rules of Solwara 1

project are reviewed.

6.2 Sea Floor Production System
6.2.1 Solwara 1 Project Mining System
Nautilus is focused on the Solwara 1 Project, wihtclocated at 1600 metres water depth in
the Bismarck Sea, Papua New Guinea. Solwara Tadd approximately 30 kilometres from
the nearest coast (New Ireland Province) and Sfirlatres north of the international Port of
Rabaul. Using existing technologies from the offehoil & gas, dredging and mining
industries, Nautilus plans to extract high gradeSSéystems on a commercial scale. Nautilus
has been working over the past number of yeardherbuilding of the Seafloor Production
System. The main components of offshore producymtems of Nautilus Minerals are

» Seafloor production tools (SPTs)

* Riser and lifting system

* Production support vessel.
The whole sea floor production system is illustlaées in Figure 6.1, and more details are

elaborated in this chapter.
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Figure 6.1: Nautilus Offshore Product®ystem

Source: www.nautilusminerals.com

6.2.2 Seafloor Production Tools

Subsea vehicle designer and manufacturer, Soil Madbynamics Ltd (SMD) of Newcastle
upon Tyne, UK, is awarded the contract to desigh lawild the SPTs for Nautilus at the end
of 2007, with three vehicles designed to operatejpths of up to 2,500m on SMS deposits.
The contract included three subsea mining machiwéhl weights up to 310t, vessel-based
power and control systems, pilot consoles, umbilegstems and launch and recovery

systems (LARS). Some world class companies have ibgelved in the design of the SPTs:
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The cutting drum of the Bulk Cutter ("BC") was dgsd and built by Sandvik
(Austria), a world leader in hard-rock mechanizeding and rock cutting equipment.
The designs are based on similar designs usedrga tmntinuous miner machines
used in underground mining and construction.

The track sets for all three SPTs have been designe built by Caterpillar, based on
an existing Caterpillar excavator track design. Moation to the track set for subsea
operation and required cutting duty was completgdSMD in consultation with
Caterpillar and Sandvik.

The dredge pumps for all three SPTs have been isdpply DAMEN, one of the
world's leading dredge equipment suppliers and blged on existing catalogue
designs used in the dredging industry.

The hydraulic equipment for all three SPTs is basedxisting off-the-shelf Bosch
Rexroth hydraulic equipment, with adaptations byCsM

The flexible hoses for all three SPTs have beemyded and supplied by ContiTech
AG (Germany), and are very similar to the rubbesdsoused in the dredging industry.

Figure 6.2: Auxiliary Cutter

Sourcehttp://www.smd.co.uk/products/submerged-mining/sgdgwrojects.htm
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Nautilus announced that assembly of the BC, whghhie first of the SPTs, has been
completed on April 10, 2014. The next step is taycaut commissioning and acceptance
testing of the BC in parallel with assembling thbev two production tools, the Auxiliary

Cutter ("AC") and the Collecting Machine ("CM").

The excavation and collection has been split ihted individual tasks which will each be
carried out by a different vehicle. The AC is apgasatory machine that deals with rough
terrain and creates benches for the other machinasrk. It will operate on tracks with spud
assistance and has a boom mounted cutting hedlexdrility. The second machine, the BC,
has higher cutting capacity but will be limitedworking benches created by the AC. Both
machines leave cut material on the seafloor folectbbn by the CM. The CM, also a large
robotic vehicle, will collect the cut material (shrgravel, silt) by drawing it in as seawater
slurry with internal pumps and pushing it througtilexible pipe to the Riser and Lifting

System.

Figure 6.3: Back side view of Bulk Cutter

Sourcehttp://www.smd.co.uk/products/submerged-mining/sgdguwrojects.htm
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Figure 6.4 Complete assembly of Bulk Cutter at SMD

Sourcehttp://www.smd.co.uk/products/submerged-mining/sdgarojects.htm

Figure 6.5: Collecting Machine

Sourcehttp://www.smd.co.uk/products/submerged-mining/sgdgwrojects.htm
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6.2.3Riser and Lift System (RALS)
The purpose of the Riser and Lift System (RALS)oidift the mineral ore particles mined
from SMS deposits to the PSV, using a Subsea wLifb (SSLP) and a vertical riser system
suspended from the PSV. The ore particles minethéySubsea Mining Tools are collected
using the CM and the seawater /ore slurry pumptedtire positive displacement SSLP at the
base of the riser, where it is pumped to the sarf@nce at the surface, the slurry passes
through a dewatering process. The solids are wanesf to a transport barge for shipment to
shore and the (filtered and cleaned) return weatelopped up with additional seawater as
required and pumped down to the SSLP, where isé&luo drive the positive-displacement
chambers of the SSLP prior to being dischargedthitcsea close to the depth at which it was
originally collected.
Much of the RALS and components have been takestttirfrom the offshore oil and gas
industry where these items are field proven in lsimapplications. The RALS can be broken
down into the following major sub components:

* Riser Transfer Pipe (RTP).

e Subsea Lift Pump (SSLP).

* Main vertical slurry riser, connectors, flexes joaimd accessories.

» Return water riser, connectors and accessories.

e Surface pressure seawater supply system (“mud” pump
The riser and lift system will conduct the followifunctions:

« Receive the ore slurry from the gathering mactand pump it vertically up riser

system to the dewatering plant inlet on the dedkeffloating support vessel.

* Send the return water to the seabed.
Nautilus Minerals announced in 2008 that it hasrded a US$116 million target price
contract to Technip USA Inc ("Technip”) to providengineering procurement and
construction management ("EPCM") services for RALBe Riser system is completed more

than 50% and delivery will be second quarter of2201

Riser Transfer Pipe
The Riser Transfer Pipe is normally 150-200 m lwitdp a flexible hose which nominal inner
diameter is 280mm and it is used to connect theeaublurry pump to the collecting machine.

The mixed seawater/ore slurry is pumped throughriber transfer pipe from the seabed
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collecting machine to the subsea slurry lift puriipe Riser Transfer Pipe configuration is
analogous to dynamic subsea flow lines and rideat dre extensively used in the offshore
industry to connect subsea wellheads to Floatimgldution, Storage and Offloading (FPSO)
facilities.

Subsea Lift Pump

The Subsea Lift Pump to be supplied by GE Hydrduspended at the bottom of the riser and
receives slurry from the collecting machine througe riser transfer pipe. The subsea lift
pump subsequently pumps the slurry to the prodadigoport vessel. The pump assembly
comprises two pump modules, each module contaifirey positive displacement pump
chambers driven by pressurised return water deld/&éom the PSV to the pump via the riser
assembly. The use of multiple pump chambers prgvadeonsistent pressure / flow regime
and also provides a high degree of redundancy.uSbeof multiple pump chambers provides
a consistent pressure and also provides a highedegjrredundancy. The subsea lift pump is
expected to weigh approximately 129 tonnes inmr measure 5.2m x 6.4m x 3.7m high, see
Figure 6.6.

Figure 6.6: GE Hydril Pump, 120 ton 10 ChamberesitRe displacement type pump
Source: www.nautilius.com
6.2.4 Production Support Vessel
The main function of Production Support Vessebistipport surface and subsea operations
and will maintain its position over the seafloor nmisite using dynamic positioning.
Dewatering of slurry will operate on the deck oé gbroduction support vessel and solid ore
will discharge to the transportation barge mooreagside. The used water is pumped back

to the seafloor through riser and it also provitigdraulic power for the riser and lifting
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system. The production support vessel will supporttinuous mining production operations
simultaneously with:

» Offshore bunkering.

» Offshore transfer of provision supply.

» Offshore waste management / disposal.

* Fresh water making.

» Offshore crew change out.

* MEDIVAC transfer capability.

* Equipment and maintenance sparing transfer andgsor
The primary basis for crew change-out will be ctavat from Port. Helicopter facilities will
be provided for emergency evacuation purposes.
Dubai-based marine solutions company Marine AsSetporation (MAC), enters into ship
building contract with Fujian Mawei Shipbuilding rfdhe construction of the Nautilus
Minerals seafloor production mining vessel. Theseéwill be chartered to Nautilus for a
minimum period of five years, with options to eitlextend the charter or purchase the vessel
at the end of the five-year period. The vessel fidit serve as the operational base for the
joint venture to be formed by Nautilus and the peledent State of Papua New Guinea’s
nominee, Eda Kopa (Solwara) Limited, a wholly owngabsidiary of Petromin PNG
Holdings Limited, to support the operations carreed by the joint venture to extract and to
transport high grade copper and gold material ftbe mine site, in the Bismarck Sea of
Papua New Guinea.
When completed, the vessel will measure 227 meatelsngth and 40 meters in width with
accommodation for up to 180 people and generateoaippately 31MW of power to run the
ship systems, including DP, and the integrated@aaproduction equipment. The vessel will
be fitted out with two main cranes — One 200T salisane and the other a 100T ship to ship
crane. The vessel will support topside modulesunicdg those required for product
dewatering, product offloading, SPTs launch andvery (“LARS”), vehicle control and
maintenance, and product pumping from the seaflboese topside modules include seafloor
production tools and associated launch and recosygstems, dewatering plant, Derrick and
riser and lift pump system, riser storage systdR@Y'’s, product materials handling systems
and integrated central control system. All of thelolwv deck mining equipment will be

installed in the vessel during the build processninimize the equipment integration to be
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completed following delivery of the vessel. Thesadds expected to be delivered by the end
of 2017. The vessel will have four cargo holds ragead amidships and of capacity to store
about 45,000 tonnes of SMS ore (copper ore) atigensrying between 2.2 to 3.5
tonnes/m3. The vessel will also have a completetyosed cargo handling system which will
transfer the ore processed on-board directly to lawig and from the holds to incoming
Handy size bulk carriers of capacity carrying raggifrom 25,000 to 45,000 tonnes
deadweight.

Principal Particulars of Solwara 1 JV (See Fig 6.7)

Length overall (MId hull)  :227.0 m

Length B.P :210.0m
Breadth Moulded :40.0m
Depth Moulded :18.2m
Draft moulded (design) 1132 m

Draft moulded (scantling) :13.2m
Crew members 180

Figure 6.7: Production Support Vessel

http://www.nautilusminerals.com/i/photos/SOLWARAg® |pg

Classification
Solwara 1 JV is registered as a Production SuppitotVessel under the Flag of Singapore

and is to be constructed, machinery installed amgipenent and spare gear provided in

“EMSHIP” Erasmus Mundus Master Course, period oflgtJuly 2014 — February 2015



Deep sea mining — What makes it different to offshml and gas applications? 76

accordance with the rules and regulations of AB&rred to as Classification for unrestricted
international voyages and to their special sureelyull and machinery with notation:

+1 A1E OFFSHORE SUPPORT VESSEL SPS, MLC-ACCOM, HARWB), HELIDK

(With Certificate of Compliance in respect of UKO@MP 437, NORSOK C-004
Standards), CPS, HDC (Exposed Main Deck, 10t/m2),

+AMS, + ACCU, DPS — 2 EHS — F, UWILD, NBLES

6.3 Cost Study
In 2010, Nautilus Minerals commissioned an independlefinition and cost study for its
proposed Bismarck Sea offshore production systehe findings of the cost study with
respect to the production system were up to 208tz estimates are prepared using costs as
of the third quarter of Calendar 2009. The sumnimfow presents the findings released in
the cost study at the time, and are not adjustegudbsequent movements in input prices,
system design adjustments, and changes in opernadirggneters and assumptions, including
any changes that might be made as a result ofpitiated resource estimate.
The cost study provided an overview of the propogegject, including cost estimates to
extract mineralised material from the seafloor la¢ tompany’'s Solwara 1 site in the
Bismarck Sea and deliver it to the Port of RebBING. Estimation of capital expenditures
(CAPEX) and operating expenditures (OPEX) for tliistmre components are considered
and the following items are excluded. (SRK Conaglt2010):

* Ore unloading, stock piling and load-out onto tportation vessels at the Port of

Rabaul

» Shipping from load out facility to concentrate pgesing plant

« Concentrator facility and/or charges

* Shipping from concentrator facility to smelter dlie

* Expended (sunk) costs prior to 31 December 2009

» Escalation over project life

« PSV/transportation barge dry docking costs (faintaining class obligations) during

life of mine operations

» Site demobilisation costs
While estimating CAPEX, they considered the follogrelements;

» Seafloor Production Tools (SPTs)
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Auxiliary Cutter (AC)

Bulk Mining Machine (BM)

Gathering Machine (GM)

Riser and Lift System (RALS)

Production Support Vessel (PSV) with DewateringiP(®WP) and ore transfer
facilities

Shuttle barges for transfer of ore from vesselnshore

On-shore stock piling and load in/load out facikttyRabaul

The key conclusions of the cost study are as fa|ow

Capital costs for the offshore production systemevestimated to be US$383 million
(including 17.5% contingency).

Average operating costs for extraction of matesiadl delivery to the port of Rabaul
were estimated to be US$70 per tonne (includingd%® Tontingency) based on a
production rate of 1.35 million tonnes per year.

The cost study assumed production commencing ateaaf 1.2 million tonnes per
year (dry equivalent) but with the capacity to ranppto 1.8 million tonnes per year.
The cost study estimated that construction of tfishore production system and
commencement of production would take approximaB&lynonths from the date of

Board approval.

The cost study was prepared by SRK (Australia)lRdyin Perth and Nautilus Mineral aimed
to revise it including CAPEX and OPEX in first gtearof 2015.

6.4 Location, Environment and Climate of Bismarck &a

Solwara 1 is located 50 km North side of RabawEast New Britain and 1,600 m below the

surface of the sea in the Bismarck Sea of Papua Sewmea. Rabaul is located on the

Northeast coast of the island of New Britain andthe main port of East New Britain

Province Solwara 1 is located.

Marine life varies with the water depth. At the Bata 1 site the ocean may be divided into

three broad zones (Golder Resource Report, MartR)20

The ‘Surface Mixed Layer’ which is the upper watetumn between ~0-200m and
contains mostly pelagic fish species including fusguid and sharks. Other animals
known to exist in the area include dolphins, tertd migrating whales.
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* The ‘Mesopelagic Zone’ which is the mid water cofulpetween ~200-1,000m and
where amongst others squid and occasional shats big, for example, tuna in search
of prey and migrating whales may occur.

* The ‘Bathypelagic Zone’ which is the bottom wat@lutnn, deeper than ~1,000m
where animals typical of active hydrothermal vetgss such as gastropods, shrimp,
crabs, barnacles occur.

The climate of the Bismarck Sea and surroundsojidal, with high temperatures and high
rainfall throughout the year. The location of Salavdl is approximately 4° south of the
equator in a sheltered sea (except to the Westentherfetch can be > 1000km) well outside
of the tropical cyclone belt. There are two didtimonsoonal regimes, the Northwest
Monsoon, which persists typically from about Novemto April (summer) and the Southeast
Monsoon (Trade Winds), which persists typicallynir@bout May to October (winter). The

months of April and October are transition montlkg&en winds of either Monsoon

(Northwest or Southeast) may persist.

6.5Environmental Impact Statement

According to the Environment Act 2000, Solwara rbjéct is high level activity which
requires that an Environmental Impact Statemen$)bBle submitted to the Department of
Environment and Conservation (DEC). Coffey Nat@gstems (Australia) was appointed by
Nautilus Minerals to lead consultant for the Enmiment Impact Report and Environmental
Impact Statement process.

In contrast to a typical land-based project, thare no direct landowner impacts, and the
primary focus is on scientific issues. Its enmireental footprint is mainly that of a single
mining ship and precision mining machinery opexatom an area proposed for mining of
approximately 11.2Ha. One of the main environmergslies is the need to understand the
biology of hydrothermal vent communities and theraunding seafloor, and the potential
impacts of mining on them.

It is suggested to discharge the water from dewegesiose to its point of origin at depths
between 25 to 50 m above the seafloor, and ndtalosv or mid-water depths. This avoids
any exposure or impacts on surface ecosystemspibitesses of mining and dewatering will

therefore not affect the pelagic tuna, tuna figsedr near-shore coral reefs.
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Potential impacts to surface pelagic animals ahg foom the presence of the surface vessels
and their normal operations, including lighting,derwater noise and routine discharges (in
compliance with relevant maritime acts and regatet). These impacts are generally similar
to shipping and to the exploration surveys alrezmypleted.
In an effort to enhance scientific knowledge whiheeting the needs of the EIA process,
Nautilus Minerals engaged international sciengfiperts to design and conduct the following
environmental studies for the Project:
* Macro fauna of hard seafloor areas (College ofidfilland Mary, Duke University)
* Macro fauna and meiofauna of sediments (Scrippggutisn of Oceanography)
» Abyssal meiofauna (Dr John Moverley and Coffey Malt&ystems).
» Sediment geology (University of Toronto)
» Sediment geochemistry — elutriate and toxicityitgs{CSIRO and Charles Darwin
University)
* Biomass, biodiversity and bioaccumulation (Hydraddgy)
» Water quality (CSIRO and Coffey Natural Systems)
* Natural hazards (Rabaul Volcano Observatory)
e Oceanography (Coffey Natural Systems)
* Underwater acoustic modelling (Curtin UniversityTachnology)
» Discharged water and sediment dispersion mode(isja-Pacific Applied Science
Associates)
Additionally, Nautilus Minerals provided oceanognap and deep sea sampling platforms
(ROVSs) to conduct this work.
The main objectives of the Environmental Impactetent were to understand the existing
environment, the potential impacts due to mining &ow to mitigate significant impacts.
The Environment Impact Statement discusses theessamd impacts associated with the
Project in a range of spatial contexts such agrtimng areas at Solwara, barge corridor and
crew transfer routes and the project facilitiesb® used during operations at the Port of
Rabaul.
Key sections of the Environmental Impact Statenmesiude:
e Executive summary and overview of proposal;
* Purpose of the development;
» Viability of the project;
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* Overview of the policy, legal and administrativarfrework;

» Stakeholder consultation;

« Description of the proposed development activity;

* Development timetable;

« Physical, biological and social characteristicthefreceiving environment;
* Socioeconomic environment;

» Potential impacts of the project and mitigation ammhagement measures;
» Accidental events and natural hazards;

« Waste minimisation, cleaner production and enegajgrice;

e Environmental management, monitoring and reportamgt

* Other statutory decisions.

6.5.1 Potential Impacts
Although the impacts to the seafloor, its hydrothalr chimneys and associated vent fauna
have been identified as the main defining enviromiadeissue for this Project there may be
impacts throughout all three zones. The procesgnplct assessment was approached
through internal risk assessment of issues at stagh of the process. The results of this
provided the initial assessment of potential hazaithpacts, mitigation strategies and
severity of residual effects. This was further eleped at a workshop held in San Diego,
USA in April 2008, where input was provided by arternational team of scientists on
appropriate mitigation measures aimed at protecbragliversity of the Solwara 1 site.
Several aspects may give rise to specific envirotade@mpacts (see Figure 6.8). These
include

» Water use and discharge;

« Water quality;

* Noise and vibrations on the seafloor and at thiaser

* Sedimentation and dewatering;

e Acid mine drainage; and

*« Emissions to air.
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Figure 6.8: Potential Impacts from Solwara 1 Projec
Source: Nautilus Minerals (EIS, 2008)

Water use and discharge Potable water on the production support vessdlbeilobtained
using two 35 kL/day reverse osmosis desalinatiantslresulting in brine production of up to
82 kL/day. This brine will be discharged to the.seThe brine salinity will typically be
double the salinity of the sea water, but is nq@eeted to have any material impact. However
pre-treatment requirements for the desalinatiomtplasuch as chlorination, brominating,
dechlorination, coagulation and filtration may letal waste streams that may require
treatment prior to discharge. A further waste astreassociated with desalination through
reverse osmosis include filter backwash water wi¢lvated salinity and retained solids.
Water quality- Impacts on water quality may occur due to aatialehydraulic fluid leaks,
fuel spills during transfers at the site of the PSpills during transfer to barges and bulk ore
carriers and in extreme cases due to accidentdisiook resulting in loss of vessels.
Unexpected equipment malfunctions could resulth@ loss of material in the Riser and
Lifting System (“RALS”). The maximum amount of tom the riser pipe at any one time is
approximately 11 m3, which could be lost to theflesea Any of these occurrences could
cause localised impact to water quality near thefleer or in surface waters, along with

associated smothering of animals on the seafloor.

“EMSHIP” Erasmus Mundus Master Course, period oflgtJuly 2014 — February 2015



Deep sea mining — What makes it different to offshml and gas applications? 82

Noise - Transmission of noise from operating machinémpugh the water is an important
consideration due to the presence of marine tuathelswhales, both of which are protected by
international conventions. It was identified thia¢ most likely source of noise which may
cause disturbance is from the vessel power geparadynamic positioning system (“DPS”)
thrusters or SPT. Modelling indicated that noeseels will drop rapidly within the first 2 km,
and more slowly thereafter. These sounds may biblau@.g., to whales) at up to 600 km but
at long ranges, the sounds will not be greatly alibat of background ocean noise depending
on sea surface conditions.

The maximum distances for specific received leteégholds being exceeded show that it
would not be until an animal approached closer thdnkm from the source that the levels
would be greater than 140 dB. Harmful effect toalek is unlikely as literature suggests
behavioural avoidance at levels generally betweht@ 140 dB. Masking of marine animal
calls may occur if the mining vessel noise intetsugr prevents the listener from detecting
the communicative signal. The operational noisea@asated with DPS of the mining vessel is
continuous over a wide frequency bandwidth. Ansmahky suffer signal-masking effects at
similar ranges up to approximately 15 km.

Sedimentation and dewatering Prior to mining pre-stripping of unconsolidated fage
sediment will be required. It is anticipated thaproximately 130,000 t of unconsolidated
sediment and 115,000 t of competent waste rockbgilinoved within the mining zones. The
unconsolidated sediment will be disposed of, anshpmient waste material side cast, at a
number of locations adjacent to the mining areail®4uspended sediment plumes may be
created, no significant geochemical changes area@@ to occur as the unconsolidated
sediment and competent waste material will remaiar the seafloor and not be exposed to
any increases in temperature or oxidation. Whawgetgable, relocation of low-grade
material is to be conducted in such a way so asitimise sediment re-suspension and plume
generation. As such the intention is to dischargd snaterial horizontally along the seafloor
rather than into the water column to minimise plugrenation and enhance the rate at which
material settles to the seafloor.

The waste water plumes from dewatering will be libsged such that it will not have an
unacceptable impact in the water column shallolwant1300 mBSL. Discharge plumes of
the slurry waste water are therefore not expeaathpact fish and other animals in the mid
(~200 to 1000 mBSL) and upper (0 to 200 mBSL) waumn. It is intended to keep
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exposure time to cold and un-oxygenated seawatexveeed from the seafloor to surface to a
minimum so as to not lead to an unacceptable chemgrygen or temperature levels when
pumped back to the seafloor. Discharges from thxwg are not expected to have any
adverse toxicity effects to seafloor ecosystemsvaitichave negligible overall effects.

Acid mine drainage- Onshore storage and material handling at thé éfoRabaul will be
designed to minimise acid generation and deal witid rock drainage. Where such
generation and drainage cannot be eliminated, drdnains treatment facility will be added to
prevent any acidic water draining into the ocean.

Emissions to air- Air emissions will consist of combustion emissdinom the vessel DPS
thrusters, vessel power supply and the mining,steanand processing power supply. Air
emissions of most concern are carbon dioxide, carbonoxide, nitrous oxides and sulphur
dioxide. It is expected that there will be no daestissions from processing or transport
activities due to the moisture content of the pssee massive sulphide. Emissions to air
from this Project should not have a direct impactmarine life.

6.5.2 Impact Mitigations
In order to minimise adverse environmental andamnomic impacts identified, Nautilus
Minerals proposes the following management andgadibon measures:

e The application of sound engineering design, depkmt and operational practices for
the seafloor production tools so as to minimisdudimnce to the seafloor and the
suspension of sediments.

 The adoption of a dewatering management strategl \hil involve discharge at
depths from which the material originated, theretwiding impacts to the water
column.

* The retention of an unmined area at South Su angddeary reserve areas in Solwara
1 to aid in the recolonization of the mined aread aonservation of biodiversity.
Relocation of animals to already disturbed are&s s considered as is placement of
artificial substrates to enhance recolonization.

* The adoption of lighting and noise strategies thdk address surface and subsea
operational and safety requirements and minimigepibtential for the attraction of,

and interaction with, marine animals.
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» The adoption of a waste management strategy thaiaddress the management of
sewage, chemical and hazardous materials to miaithes potential for contamination
of the water column.

» The adoption of appropriate water management giegeat the Port of Rabaul that
will involve the containment and, possibly, treatmheof surface runoff to
ANZECC/ARMCANZ (2000) standards to avoid any imgact acid drainage prior to
any discharge to the shallow Simpson Harbour waters

* Where practicable, the application of policies tloe employment and training of the
workforce that will maximise benefits to the loc@mmunities and minimise adverse
social effects.

 The development of emergency response plans taatetithe effects of natural

disasters and unplanned events

6.5.3 Environment Management System

Nautilus Minerals states that it intends to mantge Project under the governance of an
environmental management system which is to be ldeed in accordance with the
international EMS standard, ISO 14001:2004 as adapor use in Australia and New
Zealand as AS/NZS ISO 14001:2004. This standalidovavide Nautilus Minerals with the
elements to implement, achieve, review and mairtt@rCompany’s environment policy.
Details of the Project’s proposed environmental mooimg program, including descriptions
of the components to be monitored, frequency ofitbdng and purpose, will be included in
the detailed EMP’s which are still to be submittedthe Papua New Guinea regulatory
authorities and will take into account any relevainditions of approval set in the
Environmental Permit.

The Project will provide the Papua New Guinea ratpul authorities with compliance
reports as stipulated in environment, water abstracand waste discharge permits.
Regulatory authority and internal assessments oP ENplementation will occur, with the
schedule for such assessments and reporting toet®ndned in consultation with the
Department of Environment and Conservation.

Much of the proposed monitoring of the deep seafisoanticipated to extend into more
general scientific research, for which Nautilus Btias will encourage publication through

the normal scientific peer review process.
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Incidents that occur as a result of an emergenogidant or malfunction or that cause or
threaten serious adverse environmental impactsedikely to adversely impinge on relations
with local communities will be immediately reporteéd Project senior management in

addition to the relevant Papua New Guinea regufadathorities.

6.6 Legal and Environmental Regulations for the Selara 1 Project

Prior to commencing either onshore constructionvigiets or seafloor mining operations
inside the exclusive economic zone of PNG, the 8wl Project has to be granted a Mining
Lease and an Environmental Permit in accordancle thié PNGMining Act 1992and the
Environment Act 2000respectively. The application process requiressihemission of a
Mining Development Proposal and approval of an Emrental Permit. Nautilus has in the
first instance used local PNG legislation and reguents as reference standards; however
where local requirements were inadequate or nostend, Equator Principles and other
internationally recognised standards and guidelmexe used. Nautilus also took cognisance
of international conventions and maritime law reguoients.

The Mining Act 1992 is presently the principal pgliand regulatory document governing the
mining industry in PNG. The Mining Act 1992 vestsreership of all minerals in or below
the surface of land with the national government governs the exploration, development,
processing and transport of minerals. The Mining Atows exploration activities and
mining of minerals to be undertaken on the seaffidhin PNG territorial waters. The
Solwara 1 deposit falls into this category.

The Environment Act 2000 defines the activities ebhrequire an Environmental Impact
Assessment (EIA) process prior to the approvalnoEavironmental Permit. It sets out three
levels of activities, ranging from Level 1 to Lew&lactivities, where Level 3 activities are
defined as those that may result in serious enmerial harm. It also sets out the EIA
process to be followed, which commences with thgisteation with the Department of
Environment and Conservation (DEC) of the intentcéory out preparatory work for an
activity. After review DEC serves a notice, forvieé 3 activities, to undertake an EIA
process. The first step in this process is to gne@nd submit an Environmental Inception
Report (EIR) under Section 52 of the Environment 2@00. Once the EIR is approved the
proponent commences with the preparation of anrBnmental Impact Statement (EIS).
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Source: Smith (2010)
The Environmental Impact Statement (Nautilus Mifedac., 2008) was submitted to the
PNG government in September 2008. The main obgxtof the EIS were to understand the
existing environment, potential impacts due to mgniand how to mitigate significant
impacts. The EIS discusses the issues and impsstiated with the project in a range of
spatial contexts such as the mining areas at Saltaparge corridor and crew transfer routes
and the project facilities to be used during operat at the Port of Rabaul and emergency
response plans for accidental events and naturabrie To ensure transparency,
collaborating researchers are free to publish firedings.
Nautilus Minerals also conducts a public consutatprocess, which involves extensive
interactions with stakeholder groups. Consultatioth communities in New Ireland, East
New Britain, and other provinces, NGOs and theri@gonal scientific community has
included formal meetings, presentations and wonkshoMining Warden’s Hearings were
carried out for a total of nine provinces and theas been ongoing regular consultation with

PNG government departments. Information dissenmonatind feedback acquisition had also
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occurred through the Nautilus website and atterelaat a number of international
conferences, workshops, and meetings.

The Environmental Permit for the Solwara 1 Projeas granted on 29 December 2009 from
the Department of Environment and Conservation (PBCPNG for a term of 25 years,
expiring in 2035. The next steps for Nautilus areptepare the draft project Environmental
Management Plan (EMP) for submission and approydahé DEC 3 months prior to project
commissioning in the early 2017.

The Environmental Management Plan for the SolwaPaalect will address the management,
monitoring and reporting requirements for the vasigphases of the Project, e.g. baseline,
operations and decommissioning, accounting forciramitments made in this EIS and the
conditions of approval stipulated by the state. Tdiéer includes validation of predicted
impacts and identification of unforeseen effectsl areeds for additional management
measures.

In the case of Solwara 1 project, waste from skplsbe managed in accordance with the
MARPOL 73/78 Convention and the Protection of thea §Prevention of Pollution from
Ships) Act 1983 which states that no disposal odfavastes or untreated sanitary wastes
shall take place within 12 nautical miles of laiithe marine support vessel is more than 12
nautical miles from land and food scraps and sewailjebe macerated and treated to
MARPOL standards. In the case of no regulatiom iglace, the government/organization and
mining contractor have to work together to creates megulation for the specific situations.
Emergency response plans have to be developedtigataithe effects of natural disasters
and unplanned events. (L Egorov, H Elosta, N L ku@ Shan, K K Yang, 2012)
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7 COMPARISON WITH OFFSHORE OIL AND GAS INDUSTRY

7.1 Introduction

This chapter aims to approach the offshore oil gasl industry in respect of technologies,
safety and legislation in order to draw lessonsdeveloping the deep sea mining industry.
Some offshore oil and gas companies get contradésayn and manufacture robotic machine
tools for subsea operations and involved in devefpgechnologies for deep sea mining. So,
their subsea mining products and technologies @r@duced in this section. Thereafter,
existing Lloyd’'s Register Rules and Regulation @fshore industry are examined and made
analysis in different sections such as design, tooctson, survey, environment and

technology. Finally, the results are concluded thlaat can be used and what is missing in

current rules and regulations to develop for desgpmining industry.

7.2 Similarities from Offshore Oil and Gas Industry

Deep sea mining presents exciting new opportunitieadvance the welfare of mankind and
sustain global development. However, just likehegt position of oil and gas industry in the
1960's, it is still in its nascent stage and unpdanted in deep waters. Currently, deep water
technologies in the oil & gas industry are estdlggsfor water depths of 3,000 m to 3,500 m,
with a much deeper drilling depth. Deep Sea Mirimdustry could be different from Oil and
Gas industry in exploring different materials batre water depth and similar challenges. So,
it is good idea to draw lessons from the offshatamd gas industry which has a long history
of evolving its safety and environmental rules. $¥euld recognize the various technical and

commercial barriers to overcome in order to malepdsea mining in reality.

7.2.1 Safety and Environmental Rules

As a nascent industry, safety should be made gtiopity. Safety practices and standards
should be set and observed at all levels. Workars @ofessionals need to be nurtured
through various training and development initiagive ensure that they have the knowledge
and skills to provide quality services and carry their work safely. As a reference, the oil

and gas industry improves its safety performanceutfh leadership, communication and

cooperation. Transparent reporting of safety pertorce and learning from accidents and

incidents is achieved through information sharirignany industry safety forums. The
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industry recognizes the importance of engaging woekforce and trade unions through
offshore safety committees.

The I1SO 14001 environmental management standardsthby International Standard

Organization are a widely accepted framework fariremmental management, through self-
reporting and external validation. The ISA shouddrage such well-established tools to
propagate industry best practices. Other refereromedd include those established by
classification societies such as ABS, DNV, and HisyRegister. Such classification systems
will enhance the safety of life and property at bgaensuring high technical standards of

design, manufacture, construction and maintenance.

7.2.2 Riser Systems

Since deep sea mining technology is still in aryestage, wide parts of engineering systems
are or may be transferred from the oil and gas el as dredging industries. This refers
particularly to the risers and lifting system whishthe key component in sea floor production
as stated in chapter 6. In this section, riseresystised in offshore oil and gas industry are
discussed as follows.

Marine risers are structure systems that connecstibsea fields to the production floating
unit. The main purpose of the riser system isdagfer the mineral ore particles mined from
sea bed to the floating vessel. The mineral ordsated by the seabed mining tool are then
pumped as a seawater/ore slurry into the posiis@atement subsea lift pump at the base of
the riser, where it is pumped to the floating ves&dailure in the riser will result in stoppage
of mineral ore production and can also lead toytaih and spillage as well as very high
economic and political consequences. Thereforerisiee is considered as a vital element for
seabed mining platforms.

The selection of a riser system type depends onmémcean data and the water depth.
Several types of risers are available extendingftloe flexible risers, SCR, and free-standing
hybrid risers to the top-tensioned rigid riserseféhare primarily two main types of risers:
rigid risers and flexible risers. The most poputarine riser used in deep water is the Steel
Catenary Riser (see Figure 7.1) which presents mmagrits over conventional flexible or

freestanding hybrid risers.
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Figure 7.1: Steel Catenary Riser Systems

Source: www.oilandgastechnologies.wordexpress.com

7.2.3 Production Support Vessel

The production support vessel is similar to vesti®s service the large markets of offshore
(subsea) construction, drilling and production tlee offshore oil and gas industry. The main
technical requirements for a suitable PSV are:

Adequate deck space— Vessel deck dimensions and deck layout shallcéeable of
integrating and accommodating the following whilatisfying the relevant stability and
design criteria.

All the seafloor production equipment and its imégmn including the various elements of
SPE and including launch and recovery and operatstems, RALS, 3-off WROVs, DWP,
ore self-loading , self-unloading and offloadingifities, Ore storage, export vessel and
supply vessel and crew transfer vessel, Handliyranoring arrangements and equipment,
workshops, laboratories, stores, control vans, dwldr power packs, electrical equipment,
maintenance crane and lifting equipment, servioéstavork platforms and associated items

of equipment in SPE integration Specifications.
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Accommodation — Total complement of vessels will be around 18&nnmcluding 150
seabed production crew and 30 ship crews. So teseVashould meet the requirements of
comfort class notation.

Dynamic positioning reliability — The vessel is to be fitted out for the seafloasource
production support, silage and other related dutiesthis capacity, the vessel will be
stationed over the allocated area and support Siek ROVs, specialised SPTs, riser and
lifting systems.

Adequate electrical power— The vessel should have adequate installed pmwen the ship
systems, including DP, and the integrated seaflo@duction equipment.

Cargo Space- The vessel should have cargo holds arrangedshipdand of capacity to store
several tonnes of ore at varying density. The \edsauld have a completely enclosed cargo
handling system which will transfer ore processedoard directly to any hold and from the
holds to incoming Handy size bulk carriers. (Seg FR)

Most classification societies have set rules argulegions for construction and survey
guidelines of offshore supply vessels so it wowddilst step to develop the rules for offshore

mining support vessels to involve in deep sea rmyinmarket.

Figure 7.2: Production Support Vessel's Operatidgh @re Carrier.

Source: Nautilus Minearls
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7.3 Subsea Mining Companies and Their Products

The technology for deep-sea mining is not sometbiripe future but it is largely existing. A
deep-sea mining operation consists of a mining eupplatform or vessel; a launch and
recovery system; a crawler with a mining head, rdeigal pump and vertical transport
system; and electrical, control, instrumentatiod @isualization systems. Companies such as
Lockheed Martin, Soil Machine Dynamics, IHC Miniagd Bauer or Nautilus Minerals are
developing vehicles for deep-sea mining, pledgimeytare in the position to readily develop
techniques to operate down to 5,000 metre deptleelth, the submarine vehicles required are
already in existence and their operations are te=tin compelling animations.

Nautilus Minerals has brought together an extensive group of engmgand technology
collaborators from the offshore oil & gas and thetaits & minerals sectors - the two industry
sectors fundamental to the mining of Seafloor Massulphides. Nautilus is transferring
current technology from these sectors to the nesp aeean mining industry. In order to do
this, Nautilus has formed strong technical allisagth companies who are at the forefront of
their industry and represent best-in-class teclgylo

Soil Machine Dynamics("SMD") of the UK was awarded the contract to duihe two

remote operated SMT for Nautilus. SMD is one of tharld's leading subsea engineering

companies specialising in the design and manufactfr remotely operated vehicles
("ROV's") and seabed trenching systems. (See Big 7.

Figure 7.3 Potato Picker Design for Nodules Minirmgm SMD
Source: ww.smd.com.uk
Technip, an integrated group providing engineering, teébgies and construction services to
the oil/gas and petrochemical industry worldwidesvaavarded the contract for engineering,
procurement and construction management of Nalgtifbslwara 1 Riser and Lifting System
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("RALS"). With a workforce of 22,000 people world¥d, and annual revenues of almost 7
billion euros, Technip ranks among the 5 major gtayin full-service engineering and
construction services in the field of hydrocarband petrochemicals.

Ocean Floor Geophysics IndNautilus, together with its shareholder Teck Caroihimited,
partnered with the Vancouver based Ocean Floor Beigs Inc. to develop, deploy and test
new deep-ocean electromagnetic technology.

GE Oil & Gas: is a world leader in advanced technology equipnaamt services for all
segments of the oil and gas industry, includingidg and production, LNG, industrial power
generation, and refining and petrochemicals. GE&GGas also provides pipeline integrity
solutions, including inspection and data managem@st part of its 'Innovation Now'
customer focus and commitment, GE Oil & Gas levesatechnological innovation from
other GE businesses, such as aviation and heathdar continuously improve its
performance and productivity in the oil and gascepdGE Oil & Gas employs more than
12,000 people worldwide and operates in over 7(icms. GE was awarded the contract to
build the subsea slurry pump for the RALS, usingirttHydril Pressure Control subsea

pumping technology.

7.4 Assessment on Current LR’s Rules and Regulatisn
LR is a company limited by shares, called Lloyd'sgigter Group Limited; they are the
operating company of the Lloyd’s Register orgamigat The shares in Lloyd’s Register
Group Limited are owned by Lloyd’s Register Foumuata registered charity. Regarding to
marine and offshore industry, Llyod’'s Register pablished the following rules, regulations
and guidelines until now.

* Rules for Offshore Units

* Rules and Regulations for the Construction and Silaation of Submersibles and

Underwater Systems

e Rules for ships

« Provision Rules Construction and Classificatiolsabmarine Pipelines

» Code for Lifting Appliances in a Marine Environment
Looking through the above rules and regulationsnesgarts of rules could be relatively
unchanged or as a base for which to develop theteep sea mining standards.
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The proposed sea floor production system of NautiMinerals consists of three main
components such as the production support vessel, and lifting system, and sea floor
mining tools. In this following subsection, theska of each components are analysized with
LR rules and regulations whether it could applyot. Firstly looking at surface operations of
the production support vessel is to dewater theyshn deck. The dewatered solid material is
discharged to a transportation barge moored aldagtised seawater is pumped back to the
seafloor through the riser pipes and providing hutic power to operate the RALS pump.
Discharge of the return water at the seafloor waMoid impacts to the warm surface
seawaters, minimizing environmental impact of tiperation. So, the tasks of production
vessels are dewatering, discharge, launching of R@Y/ Seafloor mining tools, and support
electrical power to pump and return of water. Therent LR rules and regulations which
could be applied into deep sea mining are listeith wvaspective tasks as shown in Table 7.1
and 7.2. This is first attempt and it needs tousthér developed.

Task What LR can do Remarks Rules and Regulations
LR has experience on liting
system. However these are| 1. Rules for Classification

Production Risers

Riser connectors ' limited to installations fixed ta of foshore Units .

Power and contrdl Consultancy services tEe seatt))led. Assumg Towe eP. Various Standards like

umbiical that problems are simiar. | API RP 17B, APIRP 17
and others

Booster pumps

As described on LR rules
The mid-water arche is not 1. Rules for Classification
the only problem: colission, of Offshore Units
Consultancy services | marine growth, ice-loadings 2. Various Standards lik
etc will also influence the riser API RP 17B, APl RP
design. Noise prevention will  17JQ and others
be an issue.

Bouyancy module
mid-water arche$

U

1. Rules and Regulations
for the Construction and
ROV Consultancy services Classification of
Submeribles & Underwat
Systems

Table 7.1: Proposed Rules for Riser System(Mid-nlageel)
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Task

What LR can do

Remarks

95

Rules and Regulatior|1s

Survey

class and statuto
approvals

AUV launch and recovery

Lifing appliances would apply.

y systems, currently the Code 0P

1. For the mothervessel:
LR's ship rules.

2: Rules for Classification a
fishore Units

3: Rules and Regulations f
the Construction and
Classification of Submeriblg
& Underwater Systems

Support

class and statuto
approvals

Rules and Regulations for
Construction and

Classffication of Submeriblg
& Underwater Systems

Deployment

class and statuto
approvals

1. Rules and Regulations fi
the Construction and
Classification of Submeriblg
& Underwater Systems
2. Code for Lifting
Appliances in a Marine
Environment

Recovery

class and statuto
approvals DP

ROV launch and recovery
systems currently the Code fg
Lifing appliances would apply

y

1. Rules and Regulations f{
Fhe Construction and
Classification of Submeriblg
& Underwater Systems

Cargo transport & handiin

«Q

class and statuto
approvals DP

Code for Lifting Appliances|
in a Marine Environment

=

=

=

Table 7.2: Proposed LR rules and regulation®®y
Regarding underwater and seabed operations, therseaeral tasks such as grinding and
collecting ores, pumping up by riser, supplying powable for mining tools, discharging
return water, manoeuvring the ROVs and so on. Ta@l8erepresents the proposed idea to
apply some existing LR rules on certifications @&lsed tools and consultation of operations.
For environmental rules and regulations, ISA putgdthe recommendations and regulations
for polymetallic nodules, polymetallic sulphidesdacobalt-crust for contractors to follow so
it can avoid potential impacts for marine enviromtingy/stem. Recommendations state that
5.1 The Contractor shall take necessary measurgwdvent, reduce and control pollution
and other hazards to the marine environment aridnogn its activities in the Area as far as
reasonably possible applying a precautionary apgioand best environmental practices.
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Area Task What LR can do Rules and Regulatipns
1. Rules and
Regulations for the
Grinders and | Appraisal of engineeringConstruction and
Crushers systems Classification of
Submeribles &
Underwater Systems
Conveyors, | Appraisal of engineering

Mining

pump: system 1. Rules and
. Appraisal of enaineeringRegulations for the
Manipulator armg ppraisalotenginee g{\; g fruCti q
Colecting system onstructon an
) , Appraisal of engineeringClassification of
Intervention tools .
system Submeribles &
Emergency .
. erge c_. Consultancy services Underwater Systems
Disconnec
Power cable
Subsea

1. Rules and
Regulations for the
Construction and
Consultancy services|Classification of

Termination and Consultancy services
Distribution Unit

Power | Junction boxes,

subses )
Submeribles &
Subsea Power )
Unit Consultancy services|Underwater Systems
Emergenc .
. gency Consultancy services
Disconnec
Subses )
L Consultancy services
Termination and
Junction boxes )
Consultancy services
Control subsea Rules for offshore units
GPS, sona . i
Consultancy services
beacon locator
Emergency .
) Consultancy services
Disconnect

Table 7.3 Proposed Rules and Regulations on untierapeartions
5.2 Prior to the commencement of exploration &@@s, the Contractor shall submit to the
Authority:
(@) An impact assessment of the potential effetthe marine environment of the proposed

activities;
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(b) A proposal for a monitoring programme to deterenthe potential effect on the marine
environment of the proposed activities; and

(c) Data that could be used to establish an envirental baseline against which to assess the
effect of the proposed activities.

5.3 The Contractor shall, in accordance with they&®ations, gather environmental baseline
data as exploration activities progress and develpd shall establish environmental
baselines against which to assess the likely sffgcthe Contractor’s activities on the marine
environment.

5.4 The Contractor shall, in accordance with theg®ations, establish and carry out a
programme to monitor and report on such effectthenmarine environment.

The Contractor shall cooperate with the Authoritythie implementation of such monitoring.
5.5 The Contractor shall, within 90 days of the aideach calendar year, report to the
Secretary-General on the implementation and resfithe monitoring programme referred
to in section 5.4 hereof and shall submit data amidrmation in accordance with the
Regulations.

As mentioned in recommendations, LR could offeirtBervices to contractors in preparing
environment impact assessment and surveying desiptpration activities. Furthermore, LR
has good knowledge and experience in environmsntations which has already existed for
offshore oil and gas industry and wind energy. I8mwe could be a lot of opportunities for LR
to enter the deep sea mining industry by develomingent rules and regulations from

offshore sector.
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8 CONCLUSION

The seabed holds vast and diverse resources captldastaining human demands for
centuries ahead. The mining of minerals from thepdseabed still remains in its infancy.
However, in the authors’ view, pressure on unexgaanatural resources will eventually lead
to a significant expansion of human mineral recp\aativities to the deep sea. Furthermore,
with advanced technologies and a greater undeisrahd appreciation for the marine
environment, the recovery of marine minerals ingbabed has become ever more feasible.
The first part of this research examined the geuycal features of the seabed and
characteristics of the minerals found on the seh Bble occurrence and distribution of the
resources are presented together with economivamte. This study has shared many
insights about sea bed minerals and their econamacket analysis. This idea could
encourage more interest and research into deemseag, particularly in regards to gain
more interest in economic view.

The focus of research has moved to the guidelreesmmendations, rules and regulations of
the seabed mining in national and internationalewathen, the history, background and
activities of international seabed authority areie@ed and discussed on the framework of
ISA and their relationship with other internationatganization how they produce the
exploration licenses to contractor. This sectios beven the general knowledge about the
current rules and regulations, the contact of aighd international organization and their
functions, and the procedure to apply for exploraontract in area.

The chapter four provided the information of cutremploration activities in international
water which is allowed by ISA. Total fifteen exphtion licenses are generated by ISA until
now and some contracts are in government levelsinvent like China and India. Since the
author worked for LR EMEA Hamburg office, reseaatttivities and national legislation of
EU members are highlighted in this section and @apg for Germany. This information
gives a greater understanding for LR to attain noggortunities in regional area.

In the chapter five, the potential impacts on emwnent and ecosystem of mining area on the
seafloor are examined and discussed about thamigldamage which arises from exploration
and prospecting. Then, mitigation strategies aseudised on the protection and avoiding the
impact during operation. Environmental manageméan jof CCZ is reviewed as standard

plan for developing in future work. Valuable lessayained from this part have helped to
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concern more on environmental care. It is reallpomant to generate awareness about the
environmental impacts and to be publically transpar

The case study provided a review on the statuseoSblwara 1 project of Nautilus Minerals.
It presented the publically available specificatian the engineering system, implying the
seafloor tools, riser and lift system as well as groduction vessel. Furthermore, a brief
summary of the estimation of the CAPEX and OPEMdBscated, which served as a starting
point for economic modelling in seabed mining. Teeanic environmental background was
reviewed and the potential environmental impactsraitigation strategies were investigated.
Lastly, the author discussed what LR can do irdémep sea mining market, what is missing in
their services and interactions with other LR sectsuch as Energy to develop rules and
regulations for upcoming industry.

In overall terms, the main concluding statemengsvadrfrom the research work undertaken in
this study are summarised and introduced as follows

« The potential resources of seabed regarding thearacterisation, occurrence,
economic and societal relevance are identifiedciaskified.

* The state-of-the-art evaluation and review of tiféeent relevant technologies for
exploration and exploitation of seabed mining a# a& cultivation and harvesting is
conducted. The existing engineering technologylehgks are identified.

* Engineering systems are seen as generally readgefabed mining. The largest
developments needed are seen in exploration tewnfies| particularly for
environmental impact assessments, seafloor toollitimd) system development and
energy supply of seafloor machinery.

» The guidelines, rights, regulations and respons#sl of nations regarding the seabed
resources are assessed and defined. The seabedcess@nd their associated
exploitation technologies and legal regulationsenettensively reviewed.

* The potential environmental impact and the mityatistrategies were evaluated.
Extensive guidelines for sustainable seabed mikiyg issues were developed and
presented. These give an information base foritlestry and a benchmark for seabed
mining.

Throughout this project | have found deep-sea myinidustry to be interested and open to
environmental discussion to identify, minimize, andigate impacts. | hope that this paper

provides some real solutions and will lead the feaythe stewardship of our ocean resources.
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