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(d) Letter dated 15 November 2010 from Mr Lodge to the Registrar in
response to (c) above, attached:

-“Summary information on the different phasesinvolved in the exploration
and exploitation of polymetallic nodules and polymetallic sulphides in the
Area”, with annexes (annexes not reproduced)

iy
@Ti INTERNATIONAL SFABED AUTHORITY

15 November 2010

Drear Mr Gliticr, m/}a«’

T refier ko your fetter of 13 October 2010 relating wo the case conceming Responsibilitics and
Obligarions of States Sponsormg Persons and Entities with respect 1o Activities in the Intemational
Seahend Area (Request lor Advisory Opinion Submitied ta the Seabed Disputes Chamber).

As requesred by the President of the Seabed Dispules Chamber 1 have the homour to enclose
herewith a briof prepared by the Secretariat containing information an te different phazts involvod in the
process of explorsion and ¢xploitation of resources in the Arca, The briel contains a summary of
information on the techniques and kechnologies nsed in explomiion for and exploitation of polymetallic
nlules and polymetallic sulphides and has boen compiled from a pumber of different sources, incloding
the reports of the proceedings of imermnational scientific end wechnical workshops convened by the

Autharity. Copies of the workshop p dings are aleo enclosed wilh the hard copy of this better for
relcrence purposes.

¥ ours sincerely,

Michasl W. Lﬂdi

Lega) Couwnged

Me. Philippe Gautier

Registrar

Tnternational Taibunal for the Law of the Sen
Am Internationalen Scegerichusbof 1

22609 HHamburg

Germany
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RESPONSIBILITIES AND OBLIGATIONS OF STATES SPONSORING
PERSONS AND ENTITIES WITH RESPECT TO ACTIVITIES IN THE
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SUMMARY INFORMATION ON THE DIFFERENT PHASES INVOLVED IN
EXPLORATION AND EXPLOITATION OF POLYMETALLIC NODULES
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Seabed Disputes Chamber




DOCUMENTS 723

SUMMARY INFORMATION ON THE DIFFERENT PHASES INVOLVED IN EXPLORATION AND
EXPLOITATION OF POLYMETALLIC NODULES AND POLYMETALLIC SULPHIDES IN THE AREA

1 The present document has been prepared in response 10 a request by the President of the
Seabed Dsputes Chamber for “information on the different phases (such as collection of resources,
transportation of the resources to the surface, initkal treatment ...} involved in the process of exploration
and explottation of resources [polymetallic nodules as well a3 of potymetallic sulphides] in the Area”;
said request having been conveyed to the Legal Counsed of the Authority by the Registrar of the Tnbunal
in a better dated 13 October 2010, The document contains a summary of available information on the
different phases involved n exploration and exploitation of polymetallic nodules and polymetaliic
sulphides, and has been compiled from a number of differant sources, including the reports of the
proceedings of intemational scentific and technical workshops convened by the Authority.

2 Three different phases of development of seabed minerals are wdentified [n Part X! of the
Conventlon and 1954 Agreement; "prospecting”, "explorstion” and “exploitation”. Although these terms
are not defined in the Corvention or the 1994 Agreement, they are defined in the regulstions on
prospecting and exploration for polymetallic nodules and polymetallic sulphides adopted by the
Authority in 2000 and 2010 respectively.’ In each case, the definitions are the same and read as follows:

“IPlrospecting” means the search for deposits of [polymetallic nodules] [polymetallic
sulphides] in the Area, induding esbmation of the composition, sizes and distributions
of depouts of [polymetallic nodules) [polymetallic sulphides) and their economi values,
without any exclusive rights;

“[Ebplorstion” means searching for deposits of [polymetatlic nodules] [polymatallic
sulphides) in the Area with exclusive rights, the analysis of such deposits, the use and
testing of recovery systems and equipment, processing facilfties and transportation
systemns, and the carrying out of studies of the environmental, technical, economic,
commercial and other appropriate factars that must be taken into account in
explotation;

"|€|uploitation” means the recovery for commercial purposes of [polymetall:c nodules|
[pohymetallic sulphldes) in the Area and the extraction of minerals therefrom, Including
the construction and operation of mining, pmcetsing and transportation systems, for
the production and marketing of metals;

1 The present note has been prepared with these definitions in mind.

! Regulabons on Prospecting and Explorstion for Poiymetallic Nodules In the Area, (3BA/6/A/18 (2000);
Regulations on Praspecting and Explaration for Potymatallic Sulphides in the Area, ISBAS16/A/12/Rev.1. (2010).
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A, POLYMETALLIC NODULES

Characteristics

4. Polymetaliic nadules occur on the floor of the ocean in a single layer, They vary In shape and
size. An swerage nisdule ts slightly ellipscidal wath a diameter of 2.5 = 5 e, but nodules vary from a few
millimetres to many centimetres In diameter. They are porous, with water taking up gne third to half of
their weight. Their porosity means that they are ¢rushed easily. Rather than digging up the sod to
recover the ore, as is generally the case in land-based mining. nodules have to be swept or scooped up.
In order 10 gather a large number of nodules, a wide area of the ocean floor needs to be covered.

5. The environmant in which polymetalilc nodules are found is characterized by ocesn fioor
morphology, water depth, water column conditions, water surface conditions and dstance from shore,
The envirgnment determines the operating condrtions under which mining will take place. The ocean
floor where nodules occur is not a featureless plain. Mountains, rdges, hills, scarps, troughs, basalt
outcrops and boulders abound. Seamounts range in height from 800 to 1,500 m. The abyssal hills mary
be as hagh as 30 to 300 m, a3 long 85 610 15 km and as wide 35 2 to 5 km. Troughs can be 30 to 50 m
deep, 250 m wide and 2 km fong. The siopes of some of these troughs may be in excess of 30 degrees.
The sediments on which nodules lie are fine-grained and of Bingham plastic type.” The bearing or shear
strength of the sediments vanes from are3 to ares,

6. Polyrnetallic nodules contain various metals, among which nickel, copper, cobaft and manganese
{and trace amounts of [anthanum, cerium, neodymlum, yttrium, samarium and gadohinium} are
considered to be of commercial interest. The grade of nodubes (the content of the various metals of
Interest expressed a3 a percentage of their dry weight) and the abundance of nodules {the weight of wet
nodules per unit area of ocean floor; wually expressed as kg/m’) determine the amount of metals
contained in nodules in 8 given area. Grades for potential economic depasits have been given in the
general range of 1.1 to 1.6 per cent nickel, 0.9 10 1.2 per cent copper, 0.2 to 0.3 per cent cobalt and 25
to 30 per cent manganese. The range of abundance is indicated a3 5 to 15 kg/m?, Both grade and
abundance vary considerably between different areas of the ocean fioor and also within particular
areas. Polymetallic nodules have been known to occur in relatively shallow water. However, nidule
deposits of commercial mterest with requlsite grade and abundance are found only on the deep ocean
floor at depths between 3,000 and 6,000 m,

7. For a nodule mining venture to be considered economical, it is commonty estimated that
between 1.4 and 9 million metric tons of wet nodules have 1o be mined annually for a period of 20 to 30
years. The figure most often quoted is 3 million metric tonnes of dry nodules, which is equivalent 1o
about 4.5 million metnc tonnes of wet nodules. Assuming that an annual production rate of 4.5 milllon
metric tons of wet nodules needs to be maintained for 20 years, the mineable areas should contaln an
amount of ore greater than 90 miltion metric tons of wet nodules, since not all the nodules can be
recovered, Using 3 worst case recovery rate of 5 kg of niddules per square metre, this would require

¥ A Singham plestie is & wicoplasne matenal that behaves a4 3 rgld body st low stretses but fiows a5 3 yisCoYs

fluld at high streas. B is nermed after Eugene L. fungham who propased s mathematicl form, [£.C
Bingham, {1916} “U.S. Bureou of Standards Buietin®, 13, 30%- 353 “An Invextigation of the Laws of Plostic
Flow”. Mttp:/fen. academ ¢ /@K nsf/enwiki/ 268641
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mining of 900 square kilometres of seafioor per year, or 18,000 square kilometres of seafloor over a 20-
year period.

8 There is currently no proven commercial scale technology for explolting deep seabed
polymetallic nodules. To date, developers have been puriuing integrated programmes designed to
gradually reduce uncertainty about geologica) and technological factors. In the end, a decision can be
taken about economic exploltation with acceptable risk that Is informed by an assessment of economic
and sooo-political factors. The sequence of activities is commonly termed the "prospecting/exploration”
SRqUENCE,

Prospecting

9. Ouring the prospecting phase, the objective Is 1o appracse existing data and information about
mineral occurrence and the gnvironment of the depaosit in order to establish commerciat viability. These
data and information are obtained mainty from oceanographic crulses and other activities carried out by
academic institutions and government agences and include sea surface and water column
characterlstics such a5 wind, waves and swells. These data would, for example, allow general
conclusions to be made regarding the geographical and temporsd vanability of storms and hurricane
acilvity.

10.  Dats in the public domain can point to regions which are worth further investigation. For
example, the public domain data availsble In the early 19704 Indicated that the Carion-Clipperton Zone
in the north-east Pacific Ocean was the most promising reglon for potymetaliic nodules and that
indication has been relnforced by the fact that seven of the eight exploration contract areas with the
Authority, as well a3 the corresponding reserved areas, are located in that region.

11.  The availabslity and usefuiness of pubdic domain data about macro topography vary from reglon
to region, but for particular regions, data about large topographical features, such 23 fracture mnes,
seamounts, ridges and troughs are considered sufficient. Public data about micro topography and
obstacles are meagre; the use of high-resolubon side-1can sonar systems and other bottom mapping
technologies have the potential of augmenting public data about these factors. These systems can be
towed behind ships or installed In Autonomous Underwater Vehicles [AUVs).! The advantage of AUVs
for mapping cperations is that the platform is more stable and results in maps of higher resohution

12.  After an appraual of existing data and identificanon of large reglons worthy of investigation,
prospecting proceeds with 3 higher resolution survey of the regions of most interest. The purpose it to
select smaller target areas within the large reglons. The target areas are surveyed in further detail to
provide » large database, which allows decinons to be made at 8 higher level of confidence. The end
results are target area refinements (some target areas are rejected, some are retained for future
congideration and promising areas are selected for further investigation). it should be noted that during
this stage indicative, rather than detailed data from a particulyr ares are required concerning nodule
characteristics and seafioor marphology. Precision depth recorders can genevate dats which allows

' Fully submersible AUVS are underwater vehicles which can operste below the sea surface without any physcal
connection or communication with 3 comtrol station. They are pre-programmed 10 execute misskons and heve 2
wmall amount of “Imeligence” or the ability 1o myke umple decisions, They are appropriate for underwater
megsions such as seabed surveymng where the vehuc must cover tong dhatances at relptrvely wow speeds -
between 1 and 2.5 meters per second
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elimination of areas with macro topographical festures. Survey operations are undertaken using towed
bodies that can be equipped with stil and video cameras to provide seafloor imagery at moderste
speeds showing nodule coverage and density. Other sensor packages can be added to the towed body
as required to expand system cpabilities. The bottom sampling locations can be random and widely
dispersed. The orientation of the ship track need not be planned carefully but the navigation deta must
be highly acturate and logped for future reference. The equipment and technology used during this
stage are broadly comprised of bottom sampling, acoustic and visuat devices. In general, these devices
are used for the following actraties:

(a} Gravity and magnetometric observation;

{b) Bottom and sub-bottom acoustk and electromagnetic profiling and imaging without the
use of explosives;

{c) Limited mineral ampling using core, grab or basket samplers;

{d) Water and bbotic sampling;

{e)  Metecrological observation and measurement, induding the setting of Instruments;
n Cieeanagraphic work, including hydrographic observation and measurement;

(g) Samphng by box core, small diameter core or grab sampler to determing geologieal or
geotechnical seabed properties;

{h) Television and still photographic cbservation and measurement;
{ Shipboard mineral a1saying and anatyss; and

G} Pasitioning systems, induding bottom transponders and surface and sub-surface buoys
filed in Notices to Mariners.

Explorstion

13.  During exploration, sdditional surveying is performed in selected target aneas to provide data
sufficient to identify nodule deposits of probable economic interest. The evaluation of these data
further refines the remaining target sreas, alkowing future exploration efforts to focus on deposits that
hove the most promising economic potential. In the next stage, these deposits are further inveshgated
with the objective of delineating economically viable deposits. In the final stage of exploration,
surveying provides sufficent data to allow evaluation of economically viable deposits, dellnestion of 8
mine site and preparation of a tentative mining plan for the initlal period of commercial operation.
Testing of mining systems will also be undertaken,

14, In order to arrive at the desired exploration objectves, large quantities of data must be
collected systematically from vast areas of ocean floor and evalusted in an effioent manner. Since it is
impossible 1o sample every square metre of 3 setected target area and because of varistionin grade and
abundance, exploration activities rely on statistical and, in particular, geostatistical methods of treating
the dsta and deasion-making on wisequent sction is based on probability. The data that need to be
collected comprise, inter alia, the following:

{8) Geologic
{b} Chemical
{c) Physical
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{d) Blologcal

{e}  Atmosphere and Climate
in Engineering

F.4] Navigation

15.  Targeted exploration proceeds from coarse grid surveying to increasingly finer gric surveys 5o
that sufficient bottom sample data and data about seaficor morphology e generated for the
delineatson and evaluation of an economically viable deposit and, ultimately, the delinestion of a mine
site and preparation of a mining plan. m targeted exploration of areas of intevest, the usual approach to
sampling design, which follows land-based practice, involves gridding areas to be surveyed into square
cells. Usually, 100 or more cells with 3 to 10 discrete sampies in each cell #re considered a reasonable
number. However, the number of cells and the number of samples taken per cell must ultimately reflect
Judgrments made concerning the variation in grade and abundance, and the accuracy expected to be
achieved by the statistical methods, Statistical analysis of data collected within each cell is carried out on
the assumption that the semples are representative of the given cell area at an assigned level of
confidence. Further statistical treatment of all cells ln an explored area Is then useéd in immediate and
future exploration activities.

16.  The technology required to complete the exploration phase of the potential mine site is similar
to the equipment utilized during prospecting. Since this phase of the operation 1s focused on developing
the hughest resolution data set for the area under investigation advanced systems are required.
Remotety Operated Vehicles (ROVs)* and Human Occupied Vehides {HOVs)® augment the equipment
already in use and provide the highest resolution data collected in the explaration phase.

Technology used for recovery and preliminary st-sea processing of polymataliic nodubes

17. Research and development of pelymetallic nodule mining technology starts with an examination
of the pool of existing technologies and an assessment of the extent to which they can be adapted. A
systems engineering approach is called for since modification of one sub-system or component has
implications for other sub-systems and components snd thus for the whole mining system. To mimmize
development costs, rt is likely that the technology for deep seabed polymetallic nodule mining will be
developed incrementally through modifying existing technalogies in addition to using off the-shelf sub-
systems and components from the pool of existing technologles. Some new concepts, sub-systems and
components will also have to be developed.

18.  Of the range of available rechnologies, the most functianally similar to the collection of nodules
is that used in offshore dredging. Currently, the deepest water in which dredgng technology i utilized
for the transportation of seabed matenals is about 1860 m. Nodule mining will be conducted at depths

*  Remotaly Oparated Vehicles {ROVS) ara unoccupled platforms that sre basically a whmersible rabot tethered
to the mather ship that 15 capable of supparting assorted subsystems required (o complete the Imveshgation
tasks The ROV is plloted by » person on the mother ship who Is seated m a control room populated with
MONTON, COmputers, control panels, recordang devices and power Systems.

* Humen Occupied vehicles (HOVY] or submersibtes are free swimming vehicles with 1o connection to the
mother ship that sllaw direct human intervention to the site being explored In addtion to the subtyitems that
are common with an A0V an HOW must al30 have Iife support 3nd acoustic communications capsbalitier.
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which are more than an order of magnitude greater than this, Gfishere drilling technology Is another
technalogy which provides fessons and scope for adaptabulity. Fixed platforms operate at depths of up
to 535 m, and tension-leg platforms can operate at water depths of up to 2,000 m, These are stifl a long
way from the depths at which deep seabed mining will occur. However, these existing technologies have
relevance to deep seabed mining with respect to surface piatforms, pipe handiing, metenals handling,
structural design, and approaches to dealing with surface conditions, station keeping and logistics. Drill
ships have operated at depths and with pipe lengths comparable to what would be required for deep
seabad mining. The mining system has to be moblle, with the capalulity to withstand dynamic forces on
the pipe and collectar; the collector has ta tackle much more varied bottom conditions; and the
coordination between the mining ship and the transport ship needs to be maintained. Storms on the
high seas are common and extreme storm conditions may otcur otcasionally,

19.  After the assessment of the existing pool of technologies, gaps are identifled which need to be
filled by inngvative technologses. The development of a new collector system composed of interrelated
sub-systems and components, some of which are new, must first have an overall conceptual design. A
wide array of design concepts for the whole system and for the new sub-systems or components is
examined through preliminary engineering studies to select design concepts which kook promising.
Selected design concepts are then refined; a model or pilot scale component, sub-system or systemis
fabricated or integrated and tested. Depending on the evaluation of the design concepts, tests of
components may be performed in a simulated ocean environment, in a laboratory, In shallow water or
the deep ccean. Based on pilot scale test results, further phases of design refinement and testing are
carried out. Large scale prototype testing in the deep ocean will be necessary In order to ultimately
settle on the design and fabrication of the commercial scale system.

20.  Acrucial charactenistic of the exploration stage is that the geological and technological actrwties
are carried out in an interactive manner, Each stage of the technology research ang development
process identifies further data needs and the results of each geological activity are used In subsequent
stages of the technology research and development pracess and wice versa. For example, the resufts of
reconnaksance surveys throw light on the characteristics of the ore and the environment of deposition;
design engineers use this information to refine their design concepts, which In tum influence the type of
information o be collected Guring target area exploration activities. Using the information coflected
through target area exploration activities, engineering determinations are made of the techniques and
equipment that can work pn 2 potential economcally viable deposit and processing routes that are most
suitable for the are.

21.  Polymetallic nodule mining technology developers have to address the basic questipn of how to
plck up the nodules from the ocean floor and bring them ug to the surface facility {most likety a ship).
Three basic design concepts for mining technelogy have been pursued: picking up nodules with a
dredge-type collector and Kfting them through a pipe; picking up nodules with a bucket-type collector
and dragging the bucket up with 3 rope or cable; and picking up nadules with a dredge-type collector
and having the collector ascend by the force of its own buoyancy. Based on these three alternative
concepls, three afternative mining systems have been the subect of research and developmant. These
are the hydraulic mining system, the continuous fine bucket {CLB) mining system and the modular or
shuttle mining system, Two of the basic design concepts — the continuous line bucket dredge and the
shuttie system - have been abandoned or shelved, The hydrautic mining system and its various
canfigurations is the technology currently belng pursued most actively.
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22.  Alift or riser pipe, attached to the ship, extends close to the bottom of the ocean. A collector
mechanism is linked to the end of the plpe by a fleable hose irterface to isolate the motion imparted by
surface conditions, The collector picks up the nodules and feeds them Into the pipe. Depending on the
size of the nodules they may require a rough crushing before being introduced into the pape. The
nodules are then pumped up through the pipe with hydraulic pumps fixed vo the pipe; or they are
sucked up through the pipe by meéans of compressed sir infected into the pipe.

Collector sub-system

23, The collector it the most unique and complex sub-system of the mining sub-systems. Over the
years, more than 60 patents have been issued on collectors and several shematives have been
developed and tested with varying degrees of suocess. The essential task of the collector is to collect
nodules from the seabed, concentrate them and feed them imto the vertical Ift. In acoomplishing this
sk, it has to be able to perform three groups of functions:

fat  Collection and materlal processing;
b) Mavement on the seabed; and
(c) Monitar s position and operation,

24, Since nodules vary in sire and shape the collecting mechanism needs to be designedin sucha
way 5 to retrieve an average nodule and discard objects that do not fall within a chosen size range. The
collecting mechanism must also be designed to have 3 sediment-nodule separabion capability. In terms
of the matenals processing tack, two basic desagn concepts have been developed: a "mechanical
colkector” collects nodules mechanically, crushes them and injects the mixture sto the lift sub-system; a
“mydraulic collector™ can be likened ta a shedge that moves over the seabed and, by mesns of a metal
plate moumed beneath the sladge, forces the mixture of sediment and nodules up a ralsed duct. Jets of
water separate the sediment and nodules, the nodules are then lnjected into the duct and are then fed
irto the lift sub-system. Again, depending on the size of the nodules trushing mary be required before
transport to the surface.

25.  Tests have been conducted on hoth seli-propelied and towed collectors. In either case, acoount
must be taken of the beanng, or shear strength, of the sediment. The collector has also to be designed
to handle some degree of slope as well a3 some of the smaller obstacles, Various types of navigation,
sensing and observation devices are ntegrated in the collector sub-system much like on an ROV. This
equipment Is used to: measure the rates at which nodules are colkected and fed into the kit sub-system;
show visual reports of the operation of the collector; provide acoustic information about the topography
ahead and to the sides of the collector and its forward velocity; and provide information far postion
fixing of the collector relative to the mining ship and relative to previousty mined tracks.

Lift sub-system

26, The lift sub-system perfiorms the basic task of ifting the nodules fed into the IHt of riser pipe
from the collector to the surface thip. Two alternative lifting methods have been developed; the
hydraulic pump lift and the airlift. in the hydraulic pump lift, nodules are mixed with seawater to form a
slurry, which I3 forced upwards with hydraulic pumps mounted in or on the ppe in a line at varous
depths. In the air lift method, compressed air is injected into the plpe At vanous depths; the alr-water
mixture produces a density differentis! in the pipe. The mixture then moves upward under the influence
of the hydrostatic head, This upward movement causes suction at the botiom of the pipe and the
nodule slurry is sucked upward. Overall the lift sub-system should have the capability to:

7
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{a) Pump o suck up the durry;

{o}  Control slumry flow;

{c Work as a conduit for the durry;

{d} Provide a mechanical connection to the collector;

{e} Provide propulsion for the collector, if it Is towed;

1j] Serve a5 3 structural support for power cable and communications link to the collector;
@ withstand excitation caused by ship oscilation and movement through the water

column;

(h) Withstand excitation of the pipe propagated through the collector encountering
topographic varistion;

(i) Avoid dogging in the pipe, particularly in case the slurry flow Is shut down unenpectedly;
and

i} Support its own weight along with the equipment and Instrumentation attached to it

27.  Inview of the porosity and fragility of the nodutes, the pumping function has to take into
secount slippage associated with the fiow of the slurry in the pipe and friction assodlated with the
impacts among solid particies and between solid partides and the pipe wall. Pipe pressure gradients and
pump power requirements are determined by the need for these two factors to be at acceprable levels,
and tha need for wificient power to Tift the nodules, sediment and water from the seafloor to the
swrface. The diameter of the pipe will have to be geared for the opumum transport of shurry. The link
between the pipe stng and the collector has 1o withstand bending without significant stresses, becsuse
it i subject to high curvatyre. The link also has to accommodate variation in local water depth and

bottom topography.
Mining ship sub-systern

28.  The essential funclion of the mirung ship sub-systerm i to receive nodubes from the lift sub-
system and tramsfer them to the transport sub-syttem. it must:

{al Prowde structural support for the sub-surface sub-systems (the collector and the lift
sub-systems);

) Provide the means to assemble, deploy, operate, monitor and recover the sub-surface
sb-sysiems;

3] Supply power to the sub-surface sub-systems;

(d) Propel the whole mining system ower the mine site if the System 15 a towed collector,
possibly according to a pre-determined mining plan;

{e} Transfer the ore to the transport system;

{n Provide buffer storage for accumulated ore and also storage for sub-surface sub-
systems when not in use;

] Control the whole mining and transfer operabon; and
{n} Serve 35 » hoted, storehouse and repair shop.
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29.  The decislon to transfer nodule ore, personned, spares, and consumables at sea is based on an
assesgment that o is an economic requirement to run the mining ship on site continuously for profitable
operatlons. The alternative of merging the transportation and mining functions into one Large ship or to
process nodules at the mine site {beyond immediate at-sea processing as descnbed above) is not
economically viable. In this case, the trANSHON vessels could be viewed as essentially covventional bulk
carriers which can be leased to reduce capital requirements. These requirements define many of the
parameters of the mining ship sub-system which Inctude, Inter alia, ore de-watering, bulk storage,
Dynamic Positioning (DP]%, propulsion, ore transfer sub-system and queuing faciities.

30.  Akeyoperational parameter is the avadability of the mining ship and the availability of the
transfer system to the mining shup. The mining shig must have high availability at the mine site because
its avallability and the required production are inversely related; the higher the availability of the mining
system, the smailer Its production capacity requirement. Based on the generally accepted production
requirement of appeaximatety 3 million dmt {dry metric tonnes) per year, the mining ship wifl have to
produce about 10,000 dmt of nodules per day. High svallabiitty also involves the mining ship and
transport vessels being able to operate in modt, if not all, sea states. The availabllity of the ore transfer
systern must be high or bath the buffer storage and ore tramsfer capacity requiremnents will be high.

Processing and refining of ore from polymetallic nodules

i Polymetallic nodules differ in physical lorm and chemical composition from all terrestrial ores
fow being mined. Therefare 8 processing sequence uniquely designed to extract metals from nodules
must be developed. Processing must meet technological feasibllty, production requirements and
envirgnmental standards. Processng is a significant part of nodule exploitabon, since the assodated
€osts are likely to be greater than those incurred during mining operatwons. it is possible that the
processing plant coutd be decoupled from the miming operation.

32 Processing is expected to otcur on land. No onboard processing of nodule ore is expected to
occwr either on the mintng ship sub-system or on the transport ships. So far none of the early consortia
or the current contractors has suggested processing in the high seas or aboard their mining ships. This Is
driven by avallable space as the actual mining cperation requires a consigerable amount of equipment
to complete the operation: the niser, collectors, spares; and nodule storage. Addittonally, the high cost
of caphalization of a floating processing system, coupled with the hugh operational costs, do not provide
an economical business model.

33. R thould be noted that mining sites and shore off-oading facilties may be large distances apart
{more than 3,000 nautical miles in the case of the Clanon-Chippertan Zone). Nodules ean be shipped Lo
shore in three main forms: slumy; whole; or dried/ground. Nodules at the mine site will have 3 molsture
contert of 70 per cant. When lurry water i removed this is reduced to 40 per cent. It is expected that
speanl facilities for the receipt of inbound nodules would be needed at any processing plant.

34, Anumber of processing alternatives exist. Metais can be exiracied from nodules using various
combinations of pyrometallurgical operations (incuding smelting and roasting) and/or

¢ Dynamic posdloning {DP} Is 4 computer controlied system to sutometically maintain a vessel's position and
heading by using its own propeliers and thrusters, Position reference sensors, comblined with wind sensors,
motion sentors and gyro COMEAsses, provide mormation 1o the computer pertaining to the vexsel's poditon
and the magnitude and direction of environmental forces affectng its position.
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hydrometallurgical (leaching) operations. The choice of 3 process depends partly on what metals are
deemed economically viable. Ultimately, the chosce of a process will reflect the need to balance metal
recovery efficlency and volume against the amount of capital imvestment in the processing plant.

35.  There are presently flve promising process options: three-metal plants that recover nickel,
copper and cobalt utilizing high temperature sulphune adid feach, reduction/ammanua leach or
cupetonfammonia leach; and four-metal plants that recover nickel, copper, cobalt and manganese
utilizing either smelting or reduction/hydrachloric acid leach.

B. POLYMETALLIC SULPHIDES

Charatteristic

36. Polymetallec massive sulphides (PMS) deposits were first discovered in 1979 at high-
temperature biack smoker hydrothermal vent sites. Since that time the mapping of these formations has
been a major effort of saentifc institutions worldwide and sites have been located In water depths of
up 10 3,700 metres. PMS deposits are typically associsted with Pegh-temperature {ca. 350°C) black
smoker vents that occur In areas of active or recently active volcanism (e.g., deep-sea mid-ocean ridges,
sedimented ndges, mid-plate seamounts, arc volcanoes, back-are rift environments). When these sites
are active circulate seswater that is mineral rich and superheated is discharped at the vent and the
resulting plume precipitates metal sulphides onto the seafioor. Over time these mineral deposits
become substantial and are not covered by any overburden and are therefore readily exploltable.

37.  More than 300 stes of submarine hydrothermal venting and associated mineralizabon are
known on the otean floor. About 100 of these are host to PMS deposits. Known deposits range in size
from a few thoussnd metric tonnes to 3 maximum of about 10 million matric tonnes, However, accurate
sizes have been determined in onty a few cases where drilling information is avallable {e.g., Middle
Valley, luan de Fuch Ridge; TAG Mound, Mid-Atlantic Ridge). The deposits consist of massive
accumulations of suéphide minerals, including maindy pyrite, pyrrhotite, chalcopyrite and sphalerite, A
number of different types of seafloor hydrothermal systems and associated seaftoor mineral deposits
are recognized. These may be grouped into six categories according to deposit type or the nature of the
associated hydrothermal venting: polymetailic massive sulphide deposits [PMS); low-temperature
hydrothermal vents and associated mineral deposits; near-fiekd metaliiferous sediments; distal
metalliferous sediments; veln and brecdia deposits; and known ooturmences of Prydrothermal plumes
(i.e., remotely-detectad byt unconfirmed high-temperature vent sites),

38.  The state of knowledge of the distnbution and fundamental charattensucs of PMS deposits can
be summacized as follows: There are more than 300 known hydrothermal sites. About 40 per cent of
those are in the Area. Most parts of mid-ocean spreading centres fall within the Area. In contrast, large
parts of volcanic aris that have sulphide formations are wathin the exchaive economic zones of island
nations. Saty-flve per cent of the sites are at mid-ocean ridges; 22 per cent at back-ar basins; 12 per
cent at volcanic arcs and 1 per cent at mig-plate voicanoes. 100 of those hydrothermal sites are host to
potymetallc sulphides. However, iIndnidual occurrences cover no more than 1 km diameter, commonly
tens to hundreds of metres. Hydrothermal vents and assoclated sulphide deposits may also occur
spatlalty dustered within smaller distances; an example is the Endeawour segment of the Juan de Fuca
Ridge which consists of about 30 different sul phide complexes distnbuted among eight vent fledds along
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2 10%m segment of axial valley. In total, there is 55,000 km of oteanic spreading centres s well as
12,000 km of voseanic arc and back-arc spreading ridges. The average spacing along the ridge is about 98
ke between one vent site and the next; 167 km for slow-spreading ndges and 46 km for fast-spreading
ridges, The median tonnage in mast 100 km? blocks will not be greater than 50,000 tonnes. The TAG
vent system In the Atlantlc Ooean Is probably the best known of all polymetallic sulphede deposits in the
ocean basins. It has been drilled seventeen times and measures about 200 m by 60 m.

Prospecting

39. The protesses and techniques used for prospecting for PMS deposits would be the same as wsed
for praspecting for polymetallic nodules.

Exploration

40,  The general objectives of the exploration phase are the same a5 for pelymetailic nodules - to
carry out more detailed site exploration in order to quantfy the size and mineral composition of the
deposit. There are differences of approach, however, having regard to the different nature of the
deposits.

41.  Sesfloor surfsce imagery provides only limited information about this type of deposit and to
assess the commercial viability of a prospective mine site more data Is required. This can be
accomplished by first utilizing a marine gravimeter allowing a sub-bottom 3-D image of the mineral
formation to be obtained. Once this has been accomplished a benthic rock-coring programme would be
undertaken to quantify the mineral percentages to sllow assessment of the value of the deposit. Rock
coning systemns are either a stand-alone benthic drilling system or ROV deployed concurrently. Other
environmental research must also be performed during this phase of the programme to understand the
compasition of the marlne biota in the site area. Active hydrothermal vents provide a chemosynthetic
source of energy that in turn sustaing 3 very rich and diverse community of marine biota. Dormant vent
sites do nat sustain these commursties and therefore the environmental impact to marine biots is
drastically reduced. It is of note that it should be only donmant sulphides depasits that should be
considered for mining operations. The mining of an active vent site would be technically problematic
also because of the superheated water that woukd cause problems for the mining system.

42.  The evaluation of data further refines the remalning target areas, allowing future explocation
efforts to focus on deposns that have the most promising economic potential. in the rext stage, these
depasits are further investigated with the objective of delineating an economic deposlt. Polymetallic
sulphides are found in lecalized areas and once these deposits have been entified the targeted
exploration s very specific and detailed. In the final stage, the activities provide sufficient data to allow
evaluation of the economic deposit, delineation of a mine site and preparation of a tentative mining
plan for the initial period of commercisl operation,

Technokagy

43.  The technology required to exploit polymetallic sulphides has been the focus of serious research
and developmert efforts for companies who are on the verge of commercial operations. These efforts
have ranged from advanced Imagery systems to scaled mining systems and have leveraged exsting
technology from diverse and mature subsea user groups.

11
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a4, To date planned commercial operations for PMS explottation are all in areas under national
junsdiction with mine site water depths of appraximately 1,500 metres. The technology required for
mining operations will include a subsea mining unit, riser or Ift pipe for the ore, surface support ship,
matenals handling and ore transportation from the mine site. The mining unit cutter head Is an area
where continuous research and development will be ongolng during the Iife of the programme. The
surface support vessel currently under consideration is an enlarged version of a Diving Suppon Vessel
{D5V) or Multi-Support Vessel {MSV) used to support undersea operations in the offshire oil and gas
Industry. These vessels are mature in thelr design and technological capability with integrated saturation
diving systems, ROV systems, hesvy Iift capability, moon pools and large accommodations packages to
support the personnel requirements. Additionally D5Vs and MSVs have advanced navigational and
station keeping capablliies even in very harsh and demanding conditions. This vessel design is capable
of operating in any bocation on the oceans but the distance from the mine site to the matenals depot on
shore can greatly impact the final size of the vessel. The distance to the matertals depot will also
influence the size and type of ore transport vweassl 1o the mining system can continue mining operations
uninterrupted.

45,  The deepest PMS deposits currently identified in the Area are in water depths of up te 3,700
metres. Of the available existing technology the ocean dlamond mining industry has the most
functionally similar equipment as that which will be required for the exploitation of sulphides. There are
operational degth differentlals for sulphide versus dlamond mining efforts but that will not limn the
development or deployment of the technology. The primary difference in a sulphide mining unit will be
the cutter haad and there have been development efforts for both land and marine based systems in
this regard.

46.  The first commerciai-scale PMS mining system has been in development for a number of years
but the system |s yet to be manufactured because of economic considerations. The preliminary design
shows 3 system that is lowered from the surface support vessel to the mine site. Sulphides deposits
consist of solid high-grade ore that requires large amounts of force and energy to crysh into a
transportable materlal, The mining system required to perform this task Is very large and heavy to allow
the mining cutter head to deliver the required force to break up the rock face. The cutter head will also
provide the collection polnt for the minerals, [t is not dear a5 vet if additional (n-3:u processing will be
required to get the ore into a transportable condition. The present design proposal plans to perform
.another level of processing on-board ship before the ore is transported to shore for further refining.
This processing would produce tailings that would be returned ta the seafloor using return condults in
the riser system. The grain size of the returned materials will impact the dze of the subsea plume.

47, The greliminary mining unit design is currently torgeting an sverage production of 100 m* per
hour with peak production rates of 6,000 metric tonnes per day. The mining unit currently under
comsideration is designed to be operated on adjustable legs to deal with the rough terrain that will be
encountered during the initial development of the mine. Once the Inftial phase of the mine
developrment has been completed and there are areas of flat seafloor that can be used, the mining unit
will be converted to a tracked drive system allowing greater ase of navigation around the sie. A Bt
sub-system wil) perform the baslc task of lifting sulphide ore fed Into the lift or riser pipe from the
collector to the surface ship and is likely to be similar to the technology deployed for polymetaliic
nodules.

12
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Processing of ore from polymetallic sulphides

48, Polymetallic sulphides are similar in chemical composition to terrestrlal sulphide ores now being
mined. Therefore a processing sequence ¢an be leveraged trom existing processing processes to extract
metals from sulphide ore. Progessing must meel technological feasibility, production requirements snd
environmerital standards. Processing is a significant part of sulphide exploitation, since the associated
costs are likely to be greater then those incurred during mining operations. A number of processing
altematives exist. Metals can be extracted from sulphide ore using various combinations of
pyrometaliurgical operations {including smelting and roasting) and/or frydrometallurgical {leaching)
operations, The choice of a process depends partly on what metals are deemed economically viable.
Ultmately, the choice of a process will reflect the need to balance metal recovery efficlency and volume
against the amount of capital investment in the processing plant.

43, As with polymetallic nodules, there are & numbar of procass options: three-metal plants that
recaver nickel, copper and cobatt utillzing high temperature sulphuric add leach, reduction/ammonia
leach or cuprionfammeonia leach; and four-metal plants that recover nickel, copper, cobalt and
manganese utilizing efther smefting of reduction/hydrochloric acid leach. it ts not expected that
processing will take place on the high seas or aboard the mining ship a5 to do so would not be
economically feasible.
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