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Preface

The aim of this report is to focus on challenges facing Indian
companies in deep seabed mining.

The report is divided into four chapters:
A brief presentation of the nodule devosits in the Central Tndian

Basin will be given in chavoter 1: ‘wnership, size of deposits and
formation will be dealt with.

The aim of chapter 2 is to give a brief evaluation of the status
of the Indian nodule programme and the prospects for commercial
exploitation. The asvects dealt w®th are backaground, todav's
situation, motives, time perspective for commercial exploitation,
organizational challenges and possibilities for cooveration with
other countries.

Chapter 3 describes the technoloay to be emvploved for exploration,
mining, transport and processing of nodule deposits. Importance will
be placeé on identifying critical factors and conditions, and
judging the need for improved or new technology in the various
phases. Environmental aspects will also be dealt with. An

evaluation will also be given of the economics of deep seabed
mining.

The aim of chapter 4 is to place India's plans for commercial
exploitation of nodule devosits in the Central Indian Rasin in 2an
international ccntext. National programmes in Asia, Rurope and
North America will be presented and assessed. In addition to a
description of on-going exploration, research and development work
in the respective countries, an assessment will be given of the way
in which activities are organized a2nd financed, of the individual
countries' motives for involvement, and of plans €for commercial
exploitation. The main purpose of the chapter is thus to assess *he
prospects for commercial exploitation of polymetallic nodules in
general. We shall attempt to answer the following questions:

- When can commercial exploitation be exnected to commence?

- Who will start, and why?

- How will first-eeneration projects be organized?

By request from UNIDO, particular emphasis has heen attributed to
chapter 3 and 4.

Jan Magne Markussenr
0slo, 27 June 1990




CONTENTS:

Chapter 1:

POLYMETALLIC KODULES IN THE CENTRAL INDIAN BASIN - RESOURCE BASE

Purvpose
Registration of India as Pioneer Investor
Nodule deposits in the Central Indian Basin
Indian Ocean in general
Central Indian Basin
Comparison with Clarion-Clipperton nodules
Notes - chapter 1

Chapter 2:
THE INDIAN RODULE PROGRAMME - STATUS AND PROSPECTS

Purpose
Status of the programme
Background
Today's situation
Supply considerations
Prospects for commercial mining
Time perspectives
Organizational challenges
Cocperation with other nations
Notes - chapter 2

Chapter 3:
EXPLOITATION OF NODULE DEPOSITS — TECHNOLOGICAL CHALLEKGES

Purpose
Technological challenges

Is the techrology of today the technology of tomorrow?

Readers guide

Technological challenges - exploration

Technological challenges - mining

Technological challenges ~ transport

Technological challenges -~ processing

Tecinological challenges - special reports for India
Environmental aspects

Environmental consequenses

Regulations - environmental impact study programmes
Economic Aspects

The MIT Cost mndel

The need for a new cost model

French cost model
Notes - chapter 3

cont.

ii

v.
D.
D.
D.
D.
p-.
p.

p.
D.
p.
D.
p-
P-
D.
D.
D.
P.

p.

MR AN -

DA

10
1"
"

14
17




Chapter 4:
THE INDIAN NRODULE PROGRAMME IR AN INTERNATIONAL PERSPECTIVE
— PROSPECTS FOR COMMERCIAL EXPLOITATION

Purpose
Preconditions
Deep seabed mining from the mid -70s ur:il the vresent:
Development trends
Three distinct periods
Four pronounced trends
Possible developuents within the various groups of actors
Groups of actors
Possible developments within the respective aroups
Prospects for commercial exploitation of nodule devosits
Time perspectives
Organizational changes - interrnational cooperation
Political and legal aspects
Notes - chapter 4

Literature

Appendix: Work breakdown structure

iid

D.
0.
n.
p.
0.
D.
D.
D.
D.
D.
n.




CHAPTER 1

POLYMETALLIC NODULES IN THE CENTRAL INDIAN BASIN
RESOURCE BASE

Purpose

A brief presentation of the nodule devcsits in the Tentral Tndian
Basin will be given here: Ownership, size °% Jgnosi*s ~ni “ormation
will be dealt with.

Registration of India as Pioneer Investor

India was registered as "Pioneer Investor” on 17 August 1927 hy "the
Preparatory Commission for the International Sea-Bed Authori*y and
for the International Tribunal for the Law of the Sea" (PrepCom).
India thus hecame the first country in the world to achieve status
as Pioneer Investor in accordance with the 10R2 'Inited ations
Convention on the Law of the Sea, and was 2llocated exclusive rights
for exploration and commercial exvloitation of polvyme+*allic nodules

in 2an area of 151,700 sguare ¥ilometers in *he Tentral Tndian Rasin

1).

The Tndian registration is interestineg for zeveral reascvns. When
the Convention was formulated, there were many who feared that only
the rich and developed countries would be able to mine "the common
heritage of mankind” as these deposits are called. Tndin is by no
means a tyoical developine country. Nevertheless, very few people
outside Tndia helieved in 1082 <hat India would *turn nut *o be *he
first country to achieve status as Pioneer Tnvestor ?). 4 map
showing the mine site or "Pioneer Area" allocated to Tndia in the
Central Indian Basin is rresented on the next nage.
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Figure 1: Map showing the Pigneer irea allocated

Nodule Deposits in the Central Indian Basin
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It is assumed that about 'O million square =ileometers ~7 *he Tndian
QOcean - to a smaller or larger degree - is covered with devosits of
polymetallic nodules ). There are nodules in all »f “he sesbed

regions, but densityv varies greatly within =and retween *he 4ifferent

regions.

Central Indian Basin: “i-ze of area, metal content and nodule densitv

Grades for potential economic devosits have been givan in *“he range
of 1.1-1.6% nickel, 7.9-1.2% copvoer, N.2-0.%% cobalt ani °5.0-30.0%

manganese. Nodule densitv is indicated as F-15 kg/m? )

™e interesting nodule devosits of the Tndian 7cez2n are si*uated in
the Central Indian Rasin in 2n area of 7750,"N sa.>m. tetwyeen 10
degrees and 16 deagrees southern latitude. Yinkel an? ~orver content
is varticularly high in a *0N,000 sa.km. east west helt af 12173
degrees south. Results from the Indian exploration proeramme show
that the average content of nickel and copper in the nodule-rich
belt at 12-13 dearees south is approximately 2,4% 7). Sea depth
varies between 5,000 and 5,500 meters.

The high content of nickel and copper can be attributed *o current
conditions and presence of the mineral todorokite in %he nodules 8).

The nodule-rich belt lies in the crossing he*ween the eastsoing
South Equatorial “ountercurrent and the westsoine Touth "auatorial
Current. When these two sea currents run toecether, rooler water
of the equatorial undercurrent rises, leading *o increased
biological production in the surface water. There is thus an
increased influx of biologically transvorted metals *o *the seabed.

The existence of todorokite is seen as a precondition for ‘ormation
of commercially interesting nodule deposits, since *this is the onlv
mineral likely to contazin high concentrations of nickel and copper.




The highest content of these metals is incidentallv ‘ouni where the
seabed has sediment containing silica Q).

™he nodule densitv in the area varies between 5 and !0 keg/m2 10).
Nodules in the Indian Qcean have an average 1iameter of *-A cm.
They are very porous, containing waler %o the extent ¢f one third
to half their weigh®t. Yodules are exiremely “ragile: *hey break
easily and are crushed easily. They are formed by metals, coming
both from seabed and seawater, covering a nucleus of sand, organic
material, particles from other nodules, etec.

Comparison with 7larion-Clipperton nodules.

Commercially interesting nodule 4z2posits are located in *the Ten*ral
Indian Basin and in the Clarion-Clivperton area in the Pacific
between Hawaii and the 'JS West Coast. WNickel and cooper content is
about the same in both areas. This 1is also largely

true for manganese, whereas cobalt content is lower than in the
Clarion-Clipperton area. WNodule densitv is also somewhat low, 5-1N
ke/m2 as compared to 10 kg/m2. Nodule deposits in *the Central Tndian
Basin appear sufficient for one or two first-generation nodule
projects, whereas the corresponding figure for "larion-"livpnerton is
ten. First-generation nodule projects are here defined =2s nroiects
having an annual production capacity of 3 million *ons cf dry
nodules over a pneriod of 20-25 years 11).

Seabed conditions in the commercially interesting parts of the
Central Tndian Basin and the Clarion-Clipperton area are very
similar. This can be of great immnortance for future identification
of commercially interesting deposits. Tncreased knowledge of
preconditions needed for ‘ormation of these deposits will naturally
alsy facilitate the identification of such areas.




Notes - Chapter 1:

1)

1)

5)

6)

7)

T™he former Serretary of Depar*tment n¥f Nnean Develormens, Dr.
S.%. 2asim, describes the rnrocess like *this: "In *0R2, Tndia
was recognized by *he TUnited Yations Convention on *he Law of
the Sea as 2 Pioneer Investor in deep seazbed minine. “rom *hen
onwards, 2 massive effort was out in by "ndia for the
exploration of volymetallic nodules in the “entral "néian 7Ncean,
primarily to identify *wo mine sites (aoplication are=s) within
the stipulated time fixed by the TN Preparnterv “ommission. The
co-ordinates of the avplication-areas /2 areas o¢? '50,700 sa.
km. each and of equal rcommercial value) were 3leterminedi by *he
end of 1908% and the avplication of Tndia was filed with the
Preparatory Commission in January 19R%4". The vorncess nf
registration, however, was delaved beczuse of overlapring
claims in the Pacific between France, Javan, *he “ovi=*t "'nion
and four industry sroups. "After vrolonged iisnussicns, 2 basis
for resolving the overlapping claims was “ound in Aucust 1084,
Since India's case was free ‘rom overlap, *he Prerarat-ry
Commission accepted the details rrovided by Tndiz and registered
India's application on 17 August 19977,

The description is from: S.Z. Nasim and R.R. Yair (®d.}: "From
the First Nodule to the Tirst Mine Site - An Accoun* nf the
Polymetallic Nodules Project", Department of Ocean Development,
Wational Institute of Oceanography, New Delhi and Foa, May 1089,
51 pp.

Cf. chapter 4.

The map is from M. Sudhakar: "Ore Grade Manganese %Yodules ‘rom
the Central Tndian Basin: An Tvaluation”, “Yarine “inine~, Vol. <,
No. 2, 1989, pp. 210~ 214.
The map is from: V.¥. Banakar and V.N. <oiagali: "YNodules nf *he
Central Indian Ocean Basin". Article published in T.7. Nasin
and R.R. Wair (1982) fcf, note 1)

H.N. Siddiquie, D.R. Das Gupta, N.R. Sengupta, P.C. “hrivastava
and T. Mallik: "Manganese-Iron Nodules from the 7en*r=2l Indian
Ocean", Indian Journal of Marine Sciences, VYol. 7, Tenember
1978, pp. 239-240.

United Nations: "Analysis of Exploration 2and Mining Technclogyv
for Manganese Nodules", Graham and Trotman/United ¥Wations,
London/New York, 1984, 140 p.

In this connection, ii may be mentioned *that nolvmetallie
nodules contain some 30 metals, among which nickel, ropper,
cobalt, manganese, molybdenium, vanadium and *+itanium ~re
congidered to be of economic interest.

Personal communication with former Secretary of Department of




Ocean Development, 7r. I.2. Qasim in "985,

Sudhakar {1983) ‘2f. note %} states -hazt nodulaes im ~n area of
- . . P - wWoore e 3

the Central “ndian Zasgin are characg=erized nvy »i~h = /'Te ratios

{(mean T.77), nigh Yi + "u content ‘=mean ".!' rer-an=) apd high

abundance ‘mea2n T,!% z/=2)

3} D.S. ZTronan 2and “.A. Yoorbv: "“re Irade Vodules “rom *he “en<~ral
Indian Jcean”, Tmperial “gllege, London, 982, 7 r.

Q) Sudhakar (1080) ‘nf. note T) 3s+ates *hat "+ho ragults ‘ndicate
that the nodulas From 3iliceous sedimern+s annroximats =he
diagenetic end members of *he series, as lescrited in the
Pacific, and are similar in comvosition “o “he nor=h =qgua*tor-ial
Pacific ore zrade nodules. Silicecus sedimen=z ‘n T2 offer *he
possible sites “ar “irst zeneration mininen
Sudhakar presents -he “pllowing “apla -7 ~ancentratiosn 2f nodules
from two sediment nrovinces in *he Tantral Twdian Tasirs

Concentraton Mauma. Mimma. and Mean of Maneanese Nendules trown [wo Sedur=nt Provinees in CIB
S D.

Parameter Mimmum Maximum Mean = of vananon (' r) Cuoethicient
Mn 18.07 33.58 2605 152 13.51
(13,15 128.63) 12225 13,300 (14.83)

Fe 494 13.62 T 2.67 34.54
15.5T) 18.70 LT 2.7 125.28)

Co 0.09 033 N ES 0nos IS
L ] 43y 1121 10 (6 128 5T

Ni 064 1 5% |22 028 2295
(048 (1.5 1) 92) Wy 239N

Cu 043 | %6 U] (IR} 39
I 1.2 ) BRS) )25y 3650

Grade [ R] 140 AR 1 6hs 2697
TN - Cuy 0.7 12.66) AN ) 45) 127.9%)
MnFe 118 69 17 (I 13.69
AR} 1519 [RIRES] (0 8 1A5.70

CwNi 0.66 121 96 TN E 1458
(1) 48) (123 7Y ) 15 120.5%

Abundance (kgrm*) n.85 15.66 et 189 8.0
0.7 (13.69 13 68) 11.2%) 169.44)

*Values above parenthesis are for Area S nodules; n ~ 45,
"Values within parenthcsss are for Area R nodules: n = 44
10) Parsonal communication with Dr. S.7. Jasim in 108%,

11) Jan Magne Markussen: "Polymetallic nodule deposgi*s in the Indian
Ocean", Newsletter no.2-1986, The Fridtjof Nansen Tnstitute, ovp.
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CHAPTER 2

T"HE INDIAN NODULE PROGRAMME
STATUS AND PROSPECTS

Purpose

The 2im of this chapter is to zive a brie® =valuation »f *h“e status
of the Tndian rodul=s vrogramme =2nd *he vrosvects “or ~cmmarsial
exploitation. The aspects dealt with are hackground, *ocav's
cituation, motives, “ime nerspective “or ~ommer~ia’ axnisni<ation,
organizational challenges and possibilities “or ~oopera*inn with
other countries.

2.1 Status of the programme
Background

“xploration for nodule deposits in the fentral "ndian “asin started
in earnest in 1982. Tndia's interes* “or deetv seabed minerals dates
back, however, to the mid A9s when Geological “urvev of “ndiia (GSI)
carried out the first preliminary studies. “n '772, ~cisn*tists “rom
National Institute of Oceanography (NIN) and 197 nubliched A
comprehensive analysis of the metal content of rodules in various
parts of the Irndian Ocean, the co-variation of different metals,
rate of sedimentation, ete. 1). The analysis was mainlv based on
data which the Indian scientists had received from colleasgues
abroad. 1In the following two years foreign renorts were 2130
pubiished, concludineg that the Central Tndian Rasin prohablv
contained economically interesting nodule deposits. ™he Indian
research vessel "Gaveshani” of NTQ carried out *he “irst succeasful
cruise for polvmetallic nodules in 1981 in the Arahian fea.

v




Jepartment of 72cean Develoovmen* (DALY was set up in Julv “he same
vear and DOD in consultation with nther nreanisations iden*%ified

"exploratior of volymetallic nadules™ as a maior *hrus* area "),

By 1922, +the nodule ienosi*s in *he Parific Ncean were aynloreid
n

far more t*thoroughly than Jevnnsits in the "ndian "rean, ™

S
D
"3
D

were several reasons for ‘*tha*. Firstly, indus*ri=? srouns an-d

western research institutions realized relatively early +

-y
]
+

ieposits in the Zlarion-"lipperton area in the Pacifin 3atj

"b

sfied

e

requirements for first-generation nrojects. Txvloration work was
therefore concentrated %o *this area. “econdily, exploration
activities based in the 'Inited States have bhetter access %o *the
Pacific Ncean than *o the "ndian Jcean. ™hirdly, many n* “he
nations in *he Pacific Reginn are rharacterized Tty advannad
technology and a nigh level 1€ 2conomis development. The same
ioes not apply “or many of the natiorns in or arsun? *he "ndian
Ccean. More than 1alf »f the nations belonsing *0 what*t i3 ~alled
the Third World are found in this area. The World Pank defines

31 of the 34 na*tions in the region as develorineg nountries 7).

Tnday's situation

Tndia has ecarried ~ut =2 -rery ~omprehancive ovploratian nrasranme

i1 the Ten*tral n “agin; *ennnn-aannomin analvses have heen
ade; moreover "ndia has rrogregsed far in develnping and testinge

ethods for nodule nronessineg.

The eyxploration nrngramme nas heen led hy *IT7, Wiyve shirs have
been used - two Tndian vessels "Sagar Yanya" anl "%Javeghani", -
chartered Yorwegizr vessel "Okandi Surveyor”" and *wo ~hartered
British vessels. Most »f the exploration activities have heen
carried nut in *he Ten*ral Tndiian Rasin. Tome expnloration work

has also heen done in *he Tomali Basin and the Arabian “ea.

Q2




By the Summer of 1984 it was evident *hat "ndiz ~2d cucceeded in
identifying commercially interesting nodule devosits in “he
Central Indian Basin. "Sagar Kanya" and “kandi Survevor" have
carried out the main work in this area. The work ras included
spot sampling by boomerang arabs; spot »hotoaraohy of the seahed:
single beam echo soundirg for bathymetrv: and ~ollection »f bhulk
sampling by dredging for metallurgical *2sting. 7Two r~ompanies -
Engineers India Limited (EIL) and Metallurgical © Tacinasrine
Consultants /India) Limited (MECON) - have also varticivated in
the survey and exploration vhase.

No comprehensive research and development 2f€or+s have hean

carried out so far on mining and transvortation 7 nodules.

India has, as mentioned, developed and *ested several methods
for processing of nodules. YML-Tamshedrur, PRL-Rhubaneswar,
Hindustan Zink Limited (HZL) and Hindustan “opper Limited (HCT,)
have been involved in this work. ©=%IL has identified five

potential processing methods sugeested by these R&D centres:

Method: D&%D "enter:
- Roast reduction ammoniac leach (VL)
- S0 roast leach QPL-%)
- Acid pressure leach without reductant (RRT,-7)
- Ammonia %0 leach [RPT,-7"
- Acid pretreatment leach - pressure Teach "H7LY

India has not yet made any significant studv on the environmental
aspect of deep seabed mining 4).

India is, undouttedly, well underway with “he nodule prosramme.
A great deal of further development and testing remain, however,
before commercial mining can commence (the *echnological

challenges facing India in deep seabed mining are described in
chapter 3).




Supply considerations.

Supply considerations is the main motive for Tndia's involvement
in deep seabed mining.

Singh (1989) compares the vrojected cumulative world metal
demands and the estimated global land resources. ™he ~omparison

is presented below {(in million *tonnes):

Metal Cumulative Globtal land Ratio of eslobal
demand up Resournes ragoarces to
to 2010 fin situ) rumulative demand
Manganese 293 2000 5.02
Cobalt 1.3 1.5 1.15
Nickel 29 54 1.86
Copper 406 460 1.13

Singh concludes that "it is eclear *hat if a suitable “actor is
applied to convert in-situ resources to "recovered values", the
available resources will reach a ~ritical stage by (+the vear)
2010 unless additional resources are added up".

Singh also evaluates possible contribution from polymetallic
nodules to projected Tndian demands (cf. next vage). (A bproject
with an annual production of 3 million tonnes of nodules is
considered). Aceording to Singh's calculations, "cohalt
production from a nodule nroject will be more than five times
the likely annual consumption rate in the year 2010, while the

10




nickel production will =2lmost match *he Indian “emand. “n *he
case of copper, production will contribute only =2bou® 19% nf the
current production from land resources. TImport of copper will
therefore have *to continue even after it is »roduced “rom *he
nodule" 5).

Metal Current “xpected consumption Tiivaly »roduction
Production rate in 2010 of metals “rom 3
(kilo tonnes) {kilo tonnes) MTPA noduales plant

‘¥*ilo *onnes)

Cobalt - 0.6 2.2
Nickel - 32.0 N.6
Copper 70 285.83 25,5

2.2 Prospects for commercial mining

Time perspectives

Generally it will *ake approximately ? %o !9 vears “rom ‘the time a
country or company completes preliminary *esting of mining,
transport and processing technology, antil 2 total concept has been
developed ready to be applied on a commercial scale. The +echnology
has first to be tested on a small scale, the deposits have to be
explored in detail and the operation must be minutely nlanned

for optimal utilization »f the equipment K).

Massachusetts Institute of Technology (1933) »ives 2 descriotion of

11
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Organizational challenges

Tndia has, as mentioned, car~ied out a coamprehensive :xvloration
programme; techno-economic analyses 1ave bYeen made; arnd Tndia has
progressed far in developing and *esting of <methods for nodule
processing. Until the ovresent, ac*tivities have heen at *he
research and report stage. With he exceptioa ¢ TI7, a1 12007
therefore, those involved in the Tndian nodule n»rai2s% ntil now

have primarily been research institutes.

India is row facing 2 new stage ¢ lera” 9yt - aranarations ‘or
test mining and commercial mining. This nhase 117 -~2gui-~> a new
type of competence, 2nd there will be a need *0 make organizational
changes. Tt is of vital impor*ance %o introduce organizat*ions with
prior =xperience in planning and execution of major nrejects.
India's own industry anl :hipping sugh* *herefore *o0 nrlav ~ agreater
part in future developments nf the nrogramme. Tuture »nlans should

use the experiences gained in the operation of for instance ONGC.
p

The research environments will re%ain also in future their sentral
position in the programme. New actors will 2nter the ~esearch side
as a result of the new orientation in the programme. "he “T2atral

fechanical Engineering Research Tnstitute is an ias*anz2 1§ 2 ew

institute now 2ctively involved in %he nrogrammme.

The nodule nrogramm2 135 -« aatinnal oroject. T+ is nf ‘mpor%ance
that further development of *he project #ill »2 -~haracterized hy
close cooperation between “ndia's authorities, industry, shipping
and research. The necessity has arisen to found a commission or
entity to take care of *the coordinating ~23ponsihility “or “urther

development.
The great challenje will now he to faormulate ~lear objectives for

the project, in the short as well as *he 1ong “erm, lenile “he
12an3 %0 he employed in order to ensure fulfillment of *he
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for *he nrojsat.

inally, let us briefly ~onsider *he neei ‘or, desirability »f ant

ootential for, :noperation with other nations.

Re: The need for ~ooperatinn

The reason orgzaniza*‘ons cooperate is to benefit ‘rom =utual
xnowledge and ~ompe :nce. The benefits derived 11 depeni laraely

wi
on three factors: - .ning, organization and coorverative oartner.

Zxploration 2nd development of technology <or =xplaiiatiosa ¢ laap
seabed minerals are characterized bv areat technological
challenges. With 11 7r2ars' =xperience of ma*ters ~oncerning Aeen
seabed nmining, I am of the opirnion *hat no organization or country
can be i27% on its onwn in this field. ™here is so *o syeak no
world champion in *he sense %ha%t 1 singzle -ompany or nation leads
in all areas. As we will see in 7hapter 2, levelopmenis in this
area are moving :n the direction of steadily inereasing

international cooperation.

India has also nooperatel wi%h “or2isn 2ompanies 12d1 countries in
her nodule programme. When *the 222253157 has arise:a, "alia nas
ourchased foreign technology and ¥now-how and ~har%arei “oreiagn
vessels. Tndia has however at all “imes been in full ~ontrol of
the cooperation. fenerally speaking, Tndian supplies have been
given preference when this has heen nossible. ™his poslicy has
proved to be a wise one while the nroject has been under
construction.

In the next phase nf the oroject too, Tndia will be Aependent on

competence f“rom abroad. While Tndia has an excellent vnoint of

departure in the areas of exnloratinn and processing, she will he
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partly dervendent cn cther ~ountries wnen I* ~nmas g ca2shinnloay “or
mining and transport.

Re: Desirability of cooperation

In *this context it will be natural *o assess *he desirability of
increased international cooveration. Tn "hapter 4 *he ~ost “actor
is employed 2s an argument for stronger nternational :zaiperation.
Programmes that are ourely national *endi *o tave -3 "-aiavant the

wheel' and thus vrove verv costly.

However, the re~-iaventican H2f the wheel s =2t necessarilvy -~ bad
volicy in every case. The huilding up ST tasic ~omnetence is
essential if a ccuntry is at all times ‘o =nsure -he maintenance of
own national control of *he nroject. ™his strateesy w2s
successfully followed by “Yorway amongst others in ~onnec*tion with
exploitation of rational petroleum and sas reserves. "ndia "as

followed 2 3imilar volicy in that area.
Re: Potential for cooperation

fany ~ountries anl mpanias hasd i aabiss Tatee

“« vor v . -

o T T e stz ar cooperation with India in the ~rea »of ieep

seabel nmining. ™he reasons ‘or this are several:

Tn addition to the obvious fact *hat Tndia represents ~ nmarket, =
number of countriss and ~ompanies would li%es *o *tuild =p ~~mpetence
in collaboration with _ndia. The actual exrleiiaticn on »
commer~ial scale of deen seabed minerals will nrobably *esin in
earnest around *the vear 2005. 7Tndiz has *he notential of heing
among the first countries to exploit the nodule Aeposits
commercially. ‘ountries 2and companies collaborating with Tndia
will therefore be able tc develop competence that will nrovide a
competitive advantage when commercial production starts up in
earnest.
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Since India commenced its nodule vrogram relatively early, *the
country is in 2 situation where i%t can pick and choose tetween
possible collaborators. This ousght %0 enable *ther *o vrocure vrime
technology at 2 favourable nrice. The situation would have teen
ccnpletely dif€ferent shouid India have postooned commencing her

orcject until after production in the Pacific ha

33

started., Tn that
case the Tndians would preobably have had %o ray 2 much higher vrice

than *he zase is in the zactual event.

The nodule vrogramme will place Tniia in the club of industrially
advanced countries mastering deep sea technology, =2nd 2lsc give
synergetic effects for other Tndian programmes involvine advanced
technology. Tndian companies will be in 2 vnosition *o benefit from
the spinoff effects of *he vrogram.

“ven though there may be disagreement as to *he =2ctual scove of co-
operation with foreign countries, I think that a majority of
Indians will no doubt be of the opinion that such 2 cooperation
will be wise as well as necessary. However, strong natioral basic
competence will be an essential precondition for ensuring that
cooperation with other countries succeeds. ™iming, organization
and choice of collaborating partners will *therefore be of Adecisive
importance.
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CHAPTER 3

EXPLOITATION OF NRODULE DEPOSITS
TECHNOLOGICAL CHALLENGES

This chapter describes the technology to be employed for
exploration, mining, transport and processing of nodule deposits.
Importance will be placed on identifying critical factors and
conditicns, and judging the need for imvroved or new technology in
the varisus phases. Fnvironmental aspects will 2lso be dealt with.
An evaluation will also be given of the economics of deep seabed
miring.

3.1 TECHNOLOGICAL CHALLENGES

Is the technology of today the technology of tomorrow?

The basic technology for exploration, mining, transpor* =and
processing is known. Today's technological concepts for
exploration, mining, transport and vprocessing of deep seabed
minerals are a result of comprehensive research and development
programmes. Today's technology has, however, two major
characteristics:

- Assumptions regarding reliability and efficiency of todav's
concepts of mining and processing are based on theor .tical

analyses and testing on a minor scale.

-~ The technical concepts of today are a result of research and
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development activities in deep seabed mining; not least they are
a result of general research and develorment in other fields.
Todays's concepts show that seabed mining engineers have known
how to apply *o their own area the elements a? ~vailable
conventional technolcgy and know-how in the offshore oil sector,
shipping and land-based metal production. The aquestion arises:
Have these engineers managed to free themselvas ‘rom
conventional lines of thought and think zafresh in order *o
develop technology precisely fitted for the purvose? This
represents the principal challenge for the engineerc in the
years to come.

In the future, the focus will naturally be on improvement =and
developmerit of %e:hnology for effective and relizble total systems.
The driving forces behind this development will he vrivate companies
as well as governments. Tmportantly, it is no longer cnly the needs
of the advanced industrialized countries that are taken care of.

The developing countries are well represented here and may well
prove a vital driving force in further developments in this field.

Further technical development will be a result of the interplay
between the traditional forces of 'Technology Push' and 'Market
Pull', in that benefit will be derived from “he genr-al
technological development and from develooment nartisularlv for Aeep
seabed mining. The Market Pull part will of ~ourse increase in
importance the nearer we approach commercial =axploitation. In
addition there are driving forces of a more socio-economic 2nd
political nature, often known as 'Pull of Jocievy' factors 1).

How far removed will tomorrow's technology be from that of today?
Even though the basic technology for exploration, mining, transport
and processing is known, there is every reason to expect radical
changes in many areas. For example, present exvloretion technology
is both time~consuming and costly. Moreover, =2ny nation or company
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which manages to develop environmentallv acceptable =2né cost-
efficient concepts that result in greater intesration of *he ninina
and processing system, thus making at-sea oprccessing vossible,
will make a2 breakthrough both in technological and in ‘inancial
terms.

Readers guide

The next five sections of this chapter contain brief presentations
of the technology to be employed tor exploration, mining, transport
and processing of nodule deposits. The focus is on identifying

critical factors and conditions, and judging *he need for improved

or new technology in the various phases ?).

A "Work Breakdown Structure” (WBS) for a nodule mining project is
presented in Appendix A, with the main phases split up into
subphases. Exploration, mining, transportation,

shore terminal and process plant are all divided into five levels.
In addition there is a section on project support divided into four
levels. The Work Breakdown Structure should be studied parallel
with the text.

Let us then turn to the nresentation of technology.

Technological challenges - exploration.

The selection of a mine-site for nodule mining operations may be
conducted in two phases: prospecting (pre-survey) and exploration
(detail-survey). During the prospecting phase, a mine-site is
delineated on the basis of ore abundance, ore grade, soil
characteristics, topography, etc. Hull mounted equipment is used to
allow high speed surveying. The second phase - exploration - comes
prior to and during commercial operations. Tn this phase, a second




round of sezbed mapving is conducted, which is =imilar *5. but more

intensive than that of *he first phase.

Prospecting {Pre-Survey)

The prospecting phase consists of 2 programme nf resourrce assessment

in a large area of the ocean. The vurpose i3 *2 obtzin an overview
of the occurrence of polymetallic nodules, usirs « mirnimum of
expensive ship time. Here, continuous seismic orofiline and echo
sounding will provide stratigraphic and btathvmetric information,
while "free-fall" type grab samvlers, fitted with still ~ameras,
will provide samples and photographs for statistical 2analyses. Tn
prospecting, the aim is to identifv votential mine-sitels) of

commercial quality 3).

Exploration (Detail-Survey)

The aim of the exploration phase is to map in detail *“he potential
mine-site selected by the prospecting phase. PFor exploration, the
vessel will be outfitted with more specialized instruments and
handling equipment. In addition to hull mounted instrumentation, =2
deep towed instrument carrying platform will be Zdeployed %0 provide
accurate data of seabed topograhy and soil compnsition.

The further evaluation of the mining area includes:

Oceanographic and environmental studies.

Detailed studies of ocean floor topography.

Variations in nodule coverage and composition.

Geological anld geotechnical investigations.

Among the especially interesting conditions, [ may mention:

Re.: Ocean environment mapping.

Special instruments are in use for meteorolcgical and oceano-

graphic data collection:
- current and wave records
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Re.:

Re.:

Re.:

- wave data buoys
- weather stations
- other equipment for hydrographic data collection, data

transmission and real time monitoring and analysis of data.

Seabed surveying and nodule sampling/investigation

This phase entails, inter alia, deep towing of zcoustical
instrument packages and sediment sampling. The system will
include both deep-towed side-scan sonar ard sub-bottom
profiler and box corer and "free-fall" type grab samplers.

Resource mapping

Resource Mapping is carried out by towed high resolution
side-scan sonars, towed multibeam echo sounders, seabed
sampling and observation by TV-camera from remotely operated
vehicles. It is important to know a2t 2ll times where the
sensors are with respect to the surface vessel and with
reference to geodetic coordinates. Hydro-acoustic systems are
used to provide position reference of the subsea sensors during
their operation, and to document the Adistance (altitude) above
seabed and combine this with depth sensors.

Sampling of sediments.

Several types of devices can be used to obtain such

samples:

- Grab *type samplers. Free-fall erab sampling has heen applied
extensively to nodule exploration.

- Corers, long hollow cylinders, are used to penetrate the
ocean bottom and encase a sample of the sediment penetrated.

- Dredges are elongated boxes, pipes or bags which are 4ragged
slowly across the sea floor.

- Box corers are thin walled, bottomless metal boxes which are
driven vertically into the sea floor. After penetration, =2
heavy blade or spade rotates downwards, enclosing the bottom
of the box. The box is raised and the sample (core)
retrieved.
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These sampling methods allow for more ietailed investigation of
the nodules and the soil characteristics of the mine-site.

Special conditions related to the Central "ndian Rasin:

Re.: Survey vessel equipment - satellite navigation.

Re.:

Both Omega and satellite navigation can be used in *he fentral
Indian Basin today. The Omega system vrovides continous
coverage with an accuracy of 4,000 meters and with 95 per cent
repeatability.

By using Transit satellite navigation the obtained accuracy
will be within 200 meters and reveatability 35 rer cent.
However, at these latitudes satellite nasses are 'ess frequent
than what is required to ensure sufficient updatine of survey
positions.

GPS satellite navigation will increase accuracy to less

than 100 meters, but coverage is limited to 6 hours a day. By
using differential GPS, an accuracy within 10 meters can be
obtained. Coverage will, however, still be a limitation. To
obtain this accuracy we presuppose *hat landbased reference
stations will be erected in the Maldives and in the Thazos
Archipelago for linking signals.

By the end of 1991 /early 1992 the (PS cystem will have been
developed to provide 24-hour coverage. This will he
gsignificant to the survey operation, unless the authorities
decide to limit the use of the system due to naval
considerations.

Seafloor transponder chain for positioning of deeptowed sensors

Acoustic positioning and navigation of underwater equipment is
needed during all phases of deep-sea surveying - from seafloor

topography and resources mapping, throughout 2ll asvects of the
mining operation:




- Deployment cf seabed transponders to mark the a2ctual area of
interest

- Survey vessel navigation in the area.

- Positioning orf deep-towed instrumentation to collect
geophysical data.

A similar seabed navigaiion chain will be required when pilot

minivg operations commence:

- Mining vessel navigation in the area.

- Deployment of deep-sea mining equipment.

- Positioning of the seafloor mining head/bottom unit inside
the areas marked by the seabed transponder array defining the
local mining area.

- Relative positioning of the bottom unit with respect to
collector/pump station and riser connecting seafloor
equipment with mining vessel.

- Measurement of riser vertical position and inclination using
transponders and inclination sensors. Heading sensors may be
required if rotation is anticipated.

- Positioning of mining vessel.

- Retrieval cof deepsea mining equipment to surface.

- Re-entry of mining site.

- Location of "lost" mining equipment.

Re.: Equipment for seafloor investigation.
Designers of mining equipment will need Aata cn seafloor soil
composition, especially with respect to the sheer strength
of the soil. The final design will depend largely on the
geotechnical parameters of the seafloor soil.

The future technology for exploration of deep seabed minerals.

The deep seabed covers an area twice the size of the land area.
As of today, only a very small portion of the total deep seabed has
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been surveyed for deposits of deep seabed —inerals. Zxricration for
deep seabed minerals is both time-consuming 2nd ccstly, Iue to *he

need for a lot of equipment of many types.

Next-generation technology in this arez will orobably be
characterized by 2 high degree of integration =and with manv areas of
utilization. 32y "high degree of integration" is meant sultifunction
equipment. When it comes to exploration of =.r.. nodules, *he
equipment should be capable of registering topography, density and
metal content. "Many areas of utilization” means *hat it will be
desirable to develop equipment well-suited for exvloring -—arious
forms of deep-sea minerals. The equipment night conceivably also be
used for exploration of shallow water devosits, Jor other offshore
purposes and to carry out measurement tasks ‘or envirenmental
purposes.

The Fridtjof Nansen Institute and the Norwegian company Timrad
Subsea AS plan to carry out a feasibility study of the above
mentioned "Next-Generation Exploration Technology-Concept” in 1991,
Technical feasibility, market votential and possibilities for
international R&D cooperation will be analyzed. ™he two
organizations would welcome reactions from Tndia resgarding possible
cooperation 4).

Technological challenges - mining

Mining Concepts

In principle there are three different types of mining systems:
- Hydraulic and pneumatic mining systems.

- Remote controlled mining shuttle system.
- Continous line bucket system.
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Re.: Hydraulic and ovneumatic mining systems.

Around 1980, three industry groups verformed integrated *tests of
these systems in *he Clarion-Clipperton area in the Pacific (ef.
Chapter FPour). The systems were *tested at water ievths around 5,000

meters. The testing must be described as very successful.

The mining of nodules with these systems will reauire steel vipes
with a total length of approximately 6,000 m. The pipe must have a
diameter of approximately *0 cm., and be equipped with pumps at
regular intervals. The mining vessel will have characteristics
resembling those of a drilling ship, with a moon-pool and gimbals
for wave compensation in the riser pipe, and equipment for
deployment and retrieval of the bottom unit and *he vipestrine. The
mining vessel nust be equivped with =2 Aynamic vpositioning svsten,
with side thrusters fore and aft. This system will receive position
data from satellite navigation systems and acoustic reference
systems foi1 steering the bottom unit. The bottom unit will contain
a mechanical device for nodule collection. This unit must be capable
of collecting nodules lying on the surface, as well as those buried
in the upper layers of sediment. The nodules will then be washed
and crushed before being fed into a buffer storage unit. This unit,
combined with the vossibility of varying the velocity and Adirection
of the bottom unit, will increase system efficiency.

Re.: Remote controlled mining shuttle concept.

This system will be based on a set of mining shuttles in continuous
movement between the surface vessel and the seabed. A shuttle, with
e.g. 1,500 tonnes of water displacement, will dive from the surface
with the required ballast. Arriving on the seabed, it will discard
part of its ballast and land on the soft sediment. From the landing
point, the shuttle will be propelled by Archimedes screws or a belt
system, and harvest the nodules with mud separation and tank
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storage. Zluring this cperation, balilast will Te rraduailv Zumped in
order o adjust huoyancy. When the shuttle is Filled, -emaining
baliast will ‘e discharged, oroviding suf<izient “uovancr “or *he
return to the surface. 7en to twenty snutiles will :perase around 2
surface platform, which could be 2 verv larze 300,370 -3 ~70,M0%
tonnes) vessel, open 2t ‘he stern with 2n :nternal narbour *“o handle
the shuttles. 'hen szurfacing, *he shut*las wil:
smaller ships /1000 <onnes), -ising remota-~sntreilad —ehinies
guiding <he snuttles <0 -he =other snir. -I%ter unioacing -7 nodules,
refueling and reloading of tallast, *he shut*le will re _aunched

through a moon-vool.

Prench organizations made comprehensive .-suiies -7 -he -huttle

mining concept tevween "289Q and *021., 1% -ze -n1 I ‘he " ID-pericd,
they ~oncluded <hat ~he ~oncept was *ecnnicailv “2asitis, h»ut not
economically viable. The French vrogramme wvas -hereafiar -eoriented

e b4
to the pumping system. The shuttle ~oncept is interesting, as it
D

n
provides greater flexibility than *‘he *‘raditional cumpinz concepot,

and should be regarded as a possible future generation system.

The third concept - the continous line bucket system - :s cheap in
operation, but has extremely low efficiency. The zvstem s not
regarded as commercially interesting mirirg system. ~“he -hree
different nining systems are illustrated in “igure °

| | ,
2k =
v\l
Figure 1:
Mining systems '
~ Pumping
- CLB
- Shuttle —
B3
27




Presentation of a mining systeam for polymetallic nodules.

In this report, the focus will be on the hydraulic mining system
with an annual producticn capacity of * =million tonnes of iry
nodules.

This mining system can be iivided into six subsectors:

- The mining vessel, including navigation, control and 4yramic
positioning systen.

- Handling and stowasge equipment.

- Dredge pipe and bottom hose, inciuding vumping system.

~ Bottom unit/collector.

- Acoustic reference and navigation system.

- Ore handling systenm.
Re.: Mining vessel.

The mining vessel has a surface support function for the actual
mining operation on the ocean floor. The vessel must be equipped
with necessary ecuipment for handling of the bottom unit, navigation
systems, a dynamic positioning system and suvport facilities for the
crew. Buffer storage capacity for mined nodules may be
incorporated, to enable continued mining when no transvor?®

vessel is vresent and as a contingency against any delay in
transport arrangements. ¥inally the mining vessel nust be equipped
with a system for transferring nodules from the miner to transport
vessels at sea. The types of ships suitable for use as mining
vessels are limited, choice being mainly dependent on the lifting
system. Possible vessel types are: monohull vessels like today's
drill ships, multihull vessels or semi-submersible vplatforms.

Typical vessel characteristics would be:

- LBP 240 meters
- Beanm 44 "
- Hull 4depth 17 "
- Draft 12.8 "

28




- Loaded displacement 106,000 ~metric “cnnes

- Cargo deadweight 76,800 " "

- Mining equipment 11,20 " "

- Light ship displacement 19,300 " "

- Shaft horsepower 21,000 diesel electric
- Sea speed 14 ¥nots

With an assumed annual vroduction capacity -2 = =2iilion -onnes of

nodules, twc such vessels would be required.

The mining vessels could, as mentioned, be ~onfizured in 2 manner
similar to conventional deep-water 0il 4rilling ships. The ships
must provide space for the vipestring and oump system, ané for *he
pipe handling system and the heave compensation vlat€orm. The
vessels must have storage capacity, so that minine ~2an rroceed in
the absence of the ore carriers, or if sez ~onditions »rohibit
transfer. A "moon-pool" of, e.g. 12 x 15 meters must re rrovided,

as well as accommodation fcr ship and mining crew (80 persons).

Main propulsion, as well as manoeuvring, mining, ballastine and
ore transfer power will be supplied by multiple diesel-engine
driven high voltage AC generators. T®ach mining ship will be
equipped with dynamic positioning systems, including “wo main
oropellers and thrusters fore and aft S). ™he navigatinn =and
communication system will include satellite, syrocoamvass,
acoustic systems, etc.

Re.: Handling and stowage equipment.

Handling and stowage equipment for the mining eaquirzent on board the
mining ship will include 2 25 ton, 20 m. outreach bridge on a
pedestal crane for launching and retrieval of %he collector. Alsc
included will be winches and racks for handling the hose used +o
connect the collector to the dredge pipe, handling in-line dredge
pumps, dredge pipe rack, pipe transfer system, uvper and lower
derrick, gimbal platform, pipe lowering/lift system, and *he heave
compensation system.
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Re.: Dredge pipe, bottom hose and pumping system.

The capability of the system to raise nodules depends on various
factors. The most important of ‘hese are the fcllowing: T'‘pward
velocity in the pipe must be sufficient %to ¥keep the nodules in
motion. The volumetric concentration of noduies and silt in the
water must be acceptable tc the pump when running, and must not
cause blockage when the pumps are stopped and the mixture gradually
drains down the pipe, to be replaced by ceawater. Volumetric
concentration will be usually about 10%, but some sources have
indicated that a higher value seems feasible. Pipe diameter is
dictated by production requirements, handling vpossibilities, drag
values, and the limits of stress caused by all applied forces,
including the mass of *the pipe itself. In general, *he pipe has to
be protected from stresses caused by ship oscillation, so the top
end must be secured by gimbals.

Pipe system design and dynamics are complicated, and considerable
effort has been devoted to research and development. Work has
mainly been concerned with the dynamic behaviour of an elastic pipe,
and includes studies on tension, torsion, bending stresses, fatigue
resistance, vibration and control of the system.

As mentioned, two different lifting systems may be employed: the
pneumatic system {air-lift) 2nd *the hydraulic system (in-line
pumps). Pipestring designs for the air-1lift or in-line pump systems
are broadly similar. In the case of the air-1lift system, compressed
air is fed down the pipestring through an attached air supply pipe.
This compressed air is injected into the pipeline at intervals,

producing a pumping action, due to the increased buoyancy of the
slurry.

In the in-line pump system, pumps deployed along the length of
the pipestring provide an impetus for nodule uplift.
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The highest wear-and-tear factor for the rumps would result from the
transport of uncrushed nodules, averaging *-5 cm in dizmeter, and
the impact of these on the pump blades. Tn *his resrect, ‘he lowest
and most inaccessible pump in the system would he *he one most
affected. Nodules will, however, orobablyv be washed =2nd crushed

at the seabottom, thus reducing the wear factor considerably.

The other major problem associated with electrical rumps is

the electrical control and switching of *he osumes.

One advantage of in-line pumps over *he air-lift system s that
the former system is considered to be 2t least 10-50% less energy
intensive. Another major advantage is that far sreater r~ontrol
can be attained over internal pipe flow, and thereby rvossibilities

for reducing internal wear and some of <he vibration.

Typical characteristics of the dredge vive ~ould re as Tollows:

- Length 5,500 m.

- Size 30.5 cm (12") inner diam.
(constant)

- Couplings Clamp type

- Material High strength weldable steel

- Thickness 12.7 mm {1/2") minimum with
stepped increases

- Pipe weight approx. °‘,045 metric *onnes

- Pipe weight with joints approx. *',%*N0 metric *onnes

Bach section of the pipe will have a length of =2pprox. %0 meters.
The soft connection between the dredge pipe and the collector is
provided by an approx. 350 m. long crush-resistant high tensile
hose, with an inner diameter of 30.5 cm (12"). The hose is
supported above the bottom by buoyant fairing, and provides a
cable-way for the cables going to the collector.

The pump system selected could consist nf +three multi-stage, motor-
driven, mixed flow pumps, located in the upper two thirds of the
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dredge pipvestring. They must then be configured *o pass *hrough
the dredge pipe handling system on the zimbal platform.

Re.: Bottom unit/collector.

The collector unit must be designed for maximum efficiency in
scooping up nodules from the seabed. Tn order %o mine nodules
efficiently from the seabed, the collector unit should have the
following capabilities:

- Collect a2 high percentage of the desired size of nodules
in a specified area.

- Reject nodules which are too large, and minimize retrieval
of undesired elements.

- Move along the seafloor with low drag.

- Porward velocity should be kept at a level
at which a minimum of sand and silt are disturbed and
sucked into the transfer pipe (2-3 knots).

- Possess the ability to ccllect repeatedly and retain
nodules in a2 hostile environment on the ocean floor.

- Possess the ability to encounter repeatedly and negotiate
adverse topographical features (cliffs, vertical walls)
and/or obstacles on the ocean floor.

- Represent easy prcduction, at a corresponding relatively
low cost.

Numerous possible designs and design configurations have been
suggested for the nodule collector. The choice of the optimal

width of the dredge head may prove difficult. The width of the
collector unit needs to be small, so as to sguarantee maximum pick-up
contact with a possibly undulating seabed. This in turn dictates
that forward pick-up velocity should be high, so as to compensate
for width limitations, and this again entails an increased
hydrodynamic drag from both dredge head and pipestring.

A typical collector would be approximately 20 m. wide.
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Re.: Acoustic reference and navigation system.

The sweep efficiency of the rining system, :.e. “he share of the
mining area covered by the collector, will largely iepend on *he
capabilities of thc positioning system. Deflection of the 5,500 m
long dredge pipe may be considerable, and vosition requirements
could be fulfilled using a local acoustic reference system on the
seabed. This system is based on hydro-acoustic interaction between
an array of transponders, with accurate position relative %o each
other on the seabed, and an interrogating *ransceiver unit. ™he
operational range depends on accuracy, *he *ransmission r»roperties
of the sea, frequency, etc.

During the mining operation, various underwater navieation *asks
have to be performed 6):

- Acoustic positioning of the nodule collector with respect
to a predeployed acoustic transponder array, defining
the local mining area.

- Relative acoustic positioning of the nodule collector with
respect to a subsea pumping station and pireline
conrecting subsea equipment and surface vessel.

- Measurement of vipeline vertical position and
inclination, using acoustic transponders 2nd incliration
sensors. Heading sensors may be required if rotztion is
anticipated.

- Positioning of the surface vessel with respect to subsea
transponder array, subsea puuping station and nodule
collector. Position data will be input to the vessel's
dynamic positioning system.

Re.: Ore nandling equipment.

An ore handling system is required for the nodules from the moment
they appear on the surface and until they are *ransferred %o the
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ore transport ship.

This arrangement will include 2 hose 2nd a vipe system *o
accommodate relative ship/gimbal prlatform movement while
transferring the slurry %o =2 separatcer, ‘rom where the water is
returned to the sea. The nodules ~ould then be deposited on a
conveyor system, which would distribute them to the specially
designed ship holds. TFor *ransfer *o the transport ship, the
nodules are removed from the ship holds by reclaimers which deliver
them to the stern of the mining ship, where they enter a slurry
system, which transfers the nodules to the ore transporter. A hose
to transfer fuel from the transport ship to the mining vessel is
included in the system.

Technological challenges - transport

After being collected on the ocean floor, and transported to the
mining vessel, nodules must be shipped to +the processing plant
onshore.

Because of the specific gravity of the nodules, which is close to
2, the vessels for transporting the nodules from mine-site *o

the process plant onshore are similar to ore carriers or bulk
carriers. Ore carriers are deadweight limited vessels, usually
limited in size by the draft restriction of the vort in auestion.
The marine transport system includes all systems required to
carry the nodules from the mineship to port.

The main difference between nodules and other bulk cargoes is that
nodules are loaded at sea, in a harsh environment.

Transport of nodules from the mine-site to the processing plant

is a critical operation. The whole transport system requires careful
logistic planning to determine the number, size and main
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characteristics o¢f the ships, and the 2amount cf =tore materials

required at mine-site, in port and at the vlant.

The actual ship *ype 2nd necessary equioment needed “or ~arego
hardling can *to some extent be regarded as standard well-known
technology. However, special equitrment necessarv ‘or 2t-sea
transfer of nodules, navigation and instrumentation required to keep

the ships close together during transfer must re ievelovped.

Several methods for transfer of nodules are nossible. ™he mining
vessel may have no stora:se capacity, thus requirine *he rermanent
presence of a %ransport vessel. The mining vessel may have some
storage capacity, and the transfer operation may “hen *ake vplace
independently from mining, at least over shorter neriods. ™ransfer

rate must then never laeg behind the rate of nminine.

Fuel, water and supplies must aiso be transported from shore %o +the
mining ship at site.

Typical characteristics of transport ships would be:

Length (B.P.) 230 meters

Beam 27 "

Depth 18,7 "

Draft 12.7"

DWT A7,000 metric *onnes
Shaft horsepower 18,700 HP

Speed (loaded) 14.% ¥nots

Crew 32 persons

Assuming an annual production capacity nf ? million *onnes of
nodules, Zour such ships will be required, *wo transport ships
for each mining vessel.
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Sp2cial conditions:

Re.: Nodules Transport

General assumptions, uncertainties and input from other areas have
to be evaluated:

- volumes

- cargo consistency

- operating conditions

- weather statistics

- significant wave height
- wind

- temperature

- seasonal monsoon

- operation days

- weather

- maintenance/breakdown of equipment and vessels
- logistic

- round trip calculations (days)
Re.: Transfer to transport vessel

The necessity of transferring nodule ore and other items at sea
gives rise to multi-faceted engineering and operational vroblems.
The apprcach must address the following functions, among others:

~ buffer storage capacity

- configuration between vessels at site

- availability of vessels positioning systems
- vessels propulsion system

- actual transfer system

Two key operational parameters are the availability of the mining
ship and the availability of the transfer system to the mining
system. The mining vessel must have high mining-site availability,
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because of the inverse relation between ~vailiability ~2nd ra2quired
production capacity of the mining system - -he higher *ne
availability of the mining system, the smaller its or
capacity requirement.

A unique feature of 2n ocean mining system Is that it cannot remain

stationary during *ransfer. WNecessary —ressel zpeed ndds ~ Torce to

the transfer system which must be *takern intz ~cccunt ‘uring design.
The configuration between mining vessel and *he *ranspor* vessel
during transfer ‘s an important input nrarameter “2r celecting
preferred and feasible fransfer systems. The matrix telow
illustrates possible configurations and *‘ransrter rossibilities.

The matrix defines the wrarious options with -he more “=zasible
options with an Y. We see that a slurry *“ransfer ~ode ~2n be
adapted to any mining/*ransport ship configuration, while alongside
configuration allows broadest choice of nodule ore transfer but is
very limited with respect to weather conditions.

Mining/transpert ship Transfer mode
configuration in transfer. Slurry ®neumatiz “onvevor

Mining ship tows/

in front of transport X - X
Transport tows/

in front of mining ship X - -
Moving on parallell coarses X X -
Alongside X X X
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EXAMPLE AT SIDE BY SIDE CONFIGURATION DURING TRANSFER AT SITE

,_,.,._é.....,

D

ar

L

\'_j/ Mining vessel

Ocean transport Ocean transport
vessel vessel

a

BIRD EYE VIEW

‘ li-
\\ P

SIDE VIEW

Comments to the example:

This solution prevents one dangerous situation: impact between
transport vessel and mining vessel. There is yet another advantage:

it is easy to make a solution with hoses on both sides of the

mining vessel. This enables one seagoing vessel to be connected on

each side, thus avoiding transfer interruptions. A fore/aft layout
could also be possible, but this may yield a dangerous situation if
blockout on bulk carrier should happen. A fore/aft solution will
also complicate the shifting from one ship to another.
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Re.: Personnel transport

The considerable distances from mainland airports <o the nmine-site
together with time factor requirements/ccnsiderations with respect
to personnel transport to/from mine site, highlight the need to
consider using an existing airport nearby.

Techrological challenges - processing

Nodules can be processed using either a pyrometallurgical or a

hydrometallurgical extraction process, or 2 combination of the two.

The processing plant must be located in an area *ha* ~an orovide
the necessary electrical power, manpower, railway, road and air
transportation, etc. It should also be built as close to the ore
discharge facility as is economically, environmentally and
politically feasible.

The processing sector includes all facilities ~onnected to the
processing plant, and may be sub-divided as “.llows:

Ore marine terminal

Onshore transportation system
- Processing plant
~ Waste disposal system

During a first-generation project, nodule processing will take place
on land, for environmental reasons. During later-generation
projects however, it is assumed that *this process will he done
partly or wholly at the mine-site, at sea.

39




Re.: Ore marine terminal.

The ore terminal will require a facility of approx. $0.000 - 80.000
sq.m. The facility will regquire an abundant water supply, for use
as slurry medium for transport of *he nodules.

The quays must be equipped with cranes €or handling the pipe systems
used when unloading the nodules, in addition *o the cranes required
for loading and unloading equipment. The vort must be dredged to
accommodate vessels up to 30,000 DWT.

As the terminal will also function as supply base for the mining
vessels, it must include storage facilities and offices for
administration as well.

Re.: Onshore transportation system.

This system will include slurry transport of nodules from ore
terminal to processing plant, and transport of waste material from
processing plant to waste disposal site.

The port-to-plant slurry system will consist of land (a2 belt
approximately 15 m. wide), 2 port pumping station, a surface slurry
pipeline and a slurry water return line, with the necessary pumps.
Seawater pumped from the harbour will be the slurry medium.

The waste material transport system will resemble that for nodule
transport. The particles transported, however, will be considerably
smaller, and a facility for decanting the sludge will be required.
The water used as slurry medium will be re-circulated.
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Re.: Processing plant

The metal content can be extracted through alternative

processes: either pyrometallurgical or hydrometallurgical, or
a combination of both.

The two basic approaches have many variations, ~omplicating *the
choice of process. Smelting processes ‘pyrometallurgic2l) opresent
limited options. Solvent extraction vrocesses, cn the other hand,
can be split into three differz2nt leaching »rocesses: sulphuric acid
leaching, hypochloride acid leaching 2nd zmmonia leachire. The
sulphuric acid leaching process is relatively expensive, as

the solvent used cannot be recycled.

Straightforward pyrcometallurgical techniques render extraction
of manganese easy, whereas hydrometallurgicazl in zenerzal 3o not.
Manganese would remain in the waste sludge, but it would be
available there for processing at a later date 7).

Re.: Waste disposal system.

The waste from the metal extraction process contains partly
toxic material, and can therefore not be dumped back into the
sea. One alternative csuggested is that the waste h»e stored in
watertight ponds on shore.

In order to separate most of the liquid ‘rom *the waste, =
relatively arid area of approx. 1 sq.km. will be required,
where a large decanting pond is constructed. If we assume
annual production capacity to be 3 million *onnes of dry

nodules, over a period of 20-25 years, a2 total of 20 large

ponds, each measuring approx. 400,000 sq.m., will be required
for waste gtorage.
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Processing at sea.

According to the technological concepts of today the nodules will be
washed and crushed on *the seabed and raised 5.500 nmetres to the
surface as slurry. The nodules will *then be shipped ‘o port and
thence to *he processing plant where the metals will be extracted.
Much indicates that this concept will be employed for first
generation projects. However, it is a major vroblem that we utilize
only 2-3% or 20-25% of the nodules if we wish to extract three
(nickel, cobalt and copper) or four (manganese) metals. The
processing technology of today, which involves smelting and/or
adding chemicals, makes processing at sea impossible due to
environmental considerations. There can be no doubt that the nation
or company which manages to de-elop environmentally acceptable and
cost efficient concepts that result in greater integration of the
mining and processing system, and thus makes 2at-sea processing

possible, will, as mentioned, breakthrough both technologically and
economically.

Techrological challenges - special reports prepared for India.

The Pridtjof Nansen Institute published two reports in 1939 dealing
exclusively on technological challenges facing the Indian nodule
program:

Markussen, Lothe, Arvesen, Farlsengen, Storaas, Fuglum and
Rognsd: "Technological Challenges Facing the Indian Nodule
Program", The Fridtjof Nansen Institute, May 1989, 192 p.

The report provides an overview of the problem areas - or as
we call them - challenges India faces in the areas of further
exploration, mining, transport and processing of the nodule
deposits in the Central Indian Basin.
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Vigerust: "Mining of Polymetallic Nodules in the Central Indian

Basin - Technology and Reliability", The Fridtijof Nansen
Institute, December 1989, 100 p. pius appendix.

The aim of the report is to present a mining system for nodules
based on state of the art technology and to identify components
and external operational conditions which will te ~ritical to
the mining operation. The identification is made by computer
simulation.

These reports are available on request *o Tndian companies and
organisations 8).
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3.2 ENVIRONMENTAL ASPECTS

Environmental consequences.

The operations carried out in the exploration phase of the vproject
will only to a small extent have negative environmental effects.
Operation of machinery and generators on board the exploration
vessels produce exhaust gases and noise (and vibration). Towing of
the submerged equipment module could have a disturbing effect on
fish and marine mammals at the various depths. Seabed flora and
fauna will also be affected by activities on the seabed such as
sample-taking of minerals and seabed material. None of these
effects can, however, be characterized as significant.

Several of the mining operations will have an effect on the
surroundings, though the concept choice as regards the respective
equipment components will be of significance as to the actual degree
of affectedness. However, two of the opera:ions will, regardless of
concept choice, be bound to affect the surroundings. In the first
place, the bottom unit will physically remove seabed material, and
it will also whirl up particle material into the bottom layer of the
actual seawater. The other operation is release of waste water at
sea. The release will affect the environment since the water will

have a different temperature, particle content and chemical
characteristics.

Among the operations connected with the transport phase, it is the

pumping out of waste water from the transport vessel that will have
the most marked effect on the surroundings.

At-sea processing of polymetallic nodules with the processing
methods developed today, would lead to severe damage of the
environment. Land-based processing of the nodules will cause the
same environmental consequences as land-based mining.
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Regulations - Environmental impact study programmes.

Deep-sea mining is characterized by vast areas (the deep seabed is
twice the size of the total land area), huge metal deposits (the
total cobalt r-eserve in the nodule deposits in the Clarion
Clipperton area in the Pacific is twice the size of the *otal land-
based reserves), and the fact that commercial production has yet

to commence. In this area therefore we have a singular opportunity
to incorporate preventive measures into developments, and thus
tenier unnecessary the usual environmental firefightineg operations.

The present rules and regulations adopted to protect the environment
against the consequences of deep-sea mining are, however, very
vaguely formulated. This applies to the UN Law of the Sea Convention
as well as to the respective national legislation of the individual
countries. Limited knowledge of the environmentel aspects of such
activities prevailing at the time the rules and regulations were
drawn up is one important reason, this in turn being due to a lesser
developed environmental consciousness than is the case today.

Environmental impact study programmes have been initiated in several
countries the last one and a half year. France, Germany, Japan,
Norway, the Soviet-Union and the United States all have programmes
on environmental aspects of deep seabed mining. TI% may =21so be
mentioned that the Fridtjof Nansens Institute is carrying out an
environmental study for the United Nations. The report will be
ready in December 1990 and will be used in the United Nations' work
on formulating regulations for protection of the environment in

connection with the future commercial exploitation of deep seabed
minerals 9).
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3.3 ECONOMIC ASPECTS

The MIT cost model.

The MIT model (Massachussetts Institute of Technology) is the most
comprehensive cost model that has been developed so far 10). The
model contains a cost estimation section and a financial analysis
section. The former divides the capital and operating cost
estimates (in Millions USD, annual production 3 million tons of
nodules, full production begins and runs for about 20-25 years) as
indicated below:

Annual
Capital Nperating
Costs Costs
1: Preparatory Prospecting Capitalized Expensed
and Exploration and
Research and Development 30.00 142.00
Total 172.00
Annual
Capital Operating
Costs Costs
2: Mining 306.24 65.58
3: Transport 200.88 22.20
4: Ore Discharge Terminal 22.87 3.19
5: Onshore Transportation 36.65 7.68
6: Processing 449.10 99.60
7: Waste Disposal 15.28 3.90
8: Marine Support 1.80 4.88
9: General and Administrative 138.20 4.00
10: Continuing Preparations .0 6.00
Total 1,121.02 217.03
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The second major section of the model is the financial analysis
section. In this section, the estimated costs and revenues are
integrated with various taxation and regulatorv assumptions to
calculate the financial return of the project. ™he real-tern,
non-inflated internal rate of return for the baseline set of
assumptions, with U.S. taxation and assuming 50% debt funding, is

9,21%

The need for a new cost model.

There is much talk of the 'profitability' of deep seabed mining.
Many people seem to regard profitability as a clearly defined
concept. This is of course not the case. TIn the first place there
is a world of difference between what is a vpaying oroposition in the
market and what might be profitable from a2 socio-economic viewpoint.
In the second place, these are factors that will vary from company
to company and from country to country.

It has long been difficult to say anything certain about the
profitability of the deep seabed mining projects. The main reason
is the lack of a cost model based on realistic conditions.

Many models have been developed attempting to analyse these
conditions. The MIT model (Massachusetts Institute of Technology)
from 1983, which is based on a model from 1978, is however still the
most comprehensive. Many of the premises this model is hased on have
lost their currency. Let me give some examples of conditions that
have changed in later years:

- A heavy state subesidization of exploration and technological
development has taken place in Europe and Asia since 198%1.
The Japanese as well as the French exploration and
development program is for instance 100% financed by the
state. This will also alter the economy of the projects.

- The market price tor several of the nodule metals has shown a
marked improvement in 1988-1989. The average prices for
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nickel, copper and cobolt have been higher in this period than
the assumptions of the MIT-model.

— The oil-price fell in 1986 and has remained at a relatively
low level. Few market analysts expect the »nil orice to
increase to its traditional levels. A lower oil price will of
course have consequences for the costs of deep seabed mining.

- We know more about the technological demands now of course
than we did 10 years ago and the technological developments
have been going on steadily the whole time.

On this basis there is definitely a need for a new techno-economic
model using altered and fresh premises - and to distinguish between
different types of actors. The point is: What could be commercially
feasible for one group could be totally unacceptable to another.

French Cost Model.

GEMONOD/IFREMER of France made a comprehensive study of the
economics of ncdule mining in 1988 and 1989. The results of the

French study will probably be published at the end of this year or
early next year.

The assumed annual production capacity of the Prench model is 1.5
million tonnes of dry nodules. Total investment cost amount to 940
million USD. The annual operating cost is 240 million USD. These
amounts may be divided as follows:

Investment Operating
Cost Cost
Mining 30% 20%
Transport 20% 15%
Processing 50% 65%

It is expected that full production will take place during a period
of 21 years. The internal rate of return has been evaluated at 12%
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regardless of the source of financing used. The investment pay-off
period will be 6 years from the moment production has reached full
capacity (Information given by GEMONOD to Markussen in August 1989).

The new French model seems very interesting. T™he model has teen
made in close cooperation with French industry and shipping. It
should be noted, however, that the model does not take into account
the effects of heavy state subsidization of development cost.

49




Notes - Chapter 3:

.) As mentioned in chapter 4, European and Asian governments have
financed virtually the whole of the technical development since
1981, their motive being that of long-term supply considerations.
Moreover, there is every reason to suppose that the
technological developer will be obliged to pay attention to
increasingly stringent environmental considerations in the years
ahead. Growing global awareness of the need to protect the
environment will without doubt lead to more precise regulations
that will represent an important new example of 'Pull of
Society'.

2) This chapter is primarily based on Markussen, Lothe, Arvesen,
Fardsengen, Storaas, Fuglum and Rognsaa: "Technological
Challenges Facing The Indian Nodule Programme", The Fridtjof
Nansen Institute, May 1989, 192 pp.; and Jan Magne Markussen:
"India and The Deep Seabed Minerals - 1988 Competence Report";
and J.D. Nyhart et al.: "A Pioneer Deep Ocean Mining Venture";
Massachussetts Institute of Technology, 1983, 255 pp.

3) Prospecting can be conducted in three stages. First, a rough
grid search of a large area is made - e.g. an examination of a
region measuring 840 miles by 480 miles, where samples are
collected at 40 points. WNext, a medium grid search is made,
narrowing the sections for future surveying using free-fall
grabs and still photographs, and possibly a dredge to collect
bulk samples from promising sections. At this stage, a region
measuring 420 miles by 300 miles could be covered, and samples
could be taken at 48 points. The results from this stage are
then used to specify the region to be examined in the third
stage, which could comprise a detailed examination of an area
approximately 210 miles by 130 miles, and could imply collecting
samples at 235 points. This fine grid search is thus made to
determine the area to be investigated during exploration
stages.

4) Simrad Subsea AS has at the moment great commercial and
technical success with their EM12 Multibeam Echo Sounder. The
EM12 operates at 13 kHz, and provides precision swath mapping
capability at full ocean depth (11,000 meters). The resulting
maps offer quality and accuracy far beyond any map produced by
conventional methods - and at a significantly lower overall
cost. Three contracts for a total of NOK 80 Million have been
gsigned with France, the UK and Spain the last six months. Simrad
is now negotiating six more contracts.

5) Dynamic positioning of the mining vessels will be an absolute

requirement for system operability. During deep ocean mining
operations, the mining ship will have to track accurately
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6)

7)

along a pre-determined course at a specified speed, whilst the
collector unit traverses the mineral-rich area on the seabed.

As mining operations progress over an extended veriod of time,

a DP system will be required in order to attain the required
degree of accuracy, safety and automatic control. The technology
necessary for dynamic positioning of a2 deep ocean mining vessel
is already well proven. DP systems are used extensively on
drillships operating in remote locations and in deep waters. For
vessels equipped with DP systems, a highly accurate automatic
tracking mode has also been developed, in which the vessel sails
accurately along a course and at a speed selected by the

DP operator. The autotrack mode is the vessel control mode
required for mining operations.

A complete DP system from Simrad Albatross for deep seabed
mining operations is presented in Markussen, NMNielsen, Hansen and
Arvesen: "Indian Nodule Mining - Norwegian Technology, Products
and Services", The Fridtjof Nansen Institute, 1986, 345 pp.
Simrad Aibatross AS, a company in the YNorwegian Simrad Group,
has a 80-90% share worldwide of the market for "ynamic
Positioning Systems and Position Mooring Systems.

The Norwegian company Simrad Subsea AS has been involved in
severel engineering studies of acoustic positioning and control
systems for ocean mining. A complete system is evaluated in
Markussen et al. (1986)%cf. note 5).

The pyrometallurgical process for extraction of nickel, cobalt,
copper and manganese, developed by the Norwegian company Elkem
AS, can be described like this:

The process starts with drying and prereduction with coal in

a rotary kiln. The preheated and prereduced mix is charged

into an electric smelting furnace. Prom the furnace, a slag
containing all the manganese, and a metal containing copper,
nickel, cobalt and iron can be tapped. ¥rom the manganese-rich
slag, silicomanganese and or ferromanganese can be produced in a
submerged arc furnace. The metal can be oxidized to remove iron
in a slag, thus leaving a metzl containing mainly copper, nickel
and cobalt. From this final metal, copper, nickel and cobalt can
be extracted 2long a hydrometallurgical route.

The handling of the polymetallic nodules can thus be described
as follows:

- Raw nodules are unloaded and transported to plant site by
belt conveyors.

- Washing of raw nodules with fresh water %o remove alkalies
and chlorides.

- Intermediate storage before drying of rodules and storage
under cover of dried nodules.

- Handling of dried nodules and coal through rotary kiln for
preheating the charge to discharge bin.
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8)

9)

10)

- Direct feeding from discharge bin of the preheated charge
to an Elkem furnace of the ciosed type for vroduction of
metal alloy and slag.

- Metal alloy from the furnace to be treated with oxygen in a
converter for removal of carbon.

- Hydrometallurgical treatment of the metal alloy for
separation of Cu, Ni, Co and Mn.

- Slag from the furnace together with quartz and coke to be
fed to an Elkem furnace of the closed type for vproduction
of silicomanganese (SiMn) and slag to be discarded.

The reports may be ordered from:

Ocean Mining Programme

The PFPridtjof Nansen Institute
P.0. Box 326

N-1324 Lysaker, Norway

Telephone 47 2 5% 89 12
Telefax 47 2 12 50 47
Telex 79 965 nanse n

The study of "Environmental Consequences of Deep-Sea Mining -
Problem Areas and Regulations" is split up into three parts.
Part 1 gives a brief assessment of the need for unambiguous
environmental regulations in light of the advancements that have
taken place in deep-sea mining. Part 2 will identify the problem
areas - i.e. the environmental consequences of deep-sea mining
are described. Part 3 gives an assessment of *the rules and
regulations. An overview of international and national
legislation is to be found here; an analysis is made of the
regulatory techniques employed in the legislation, the effects
of the legislation are described and implementation by
authorities is evaluated. Finally a brief sketch of new
legislation is presented.

The environmental study, that the Fridtjof Nansen Institute is
now carrying out, will be used in the United Nations' work on
formulating regulations for protection of the environment in
connection with the future commercial exploitation of deep
seabed minerals. The main target groups for this report will
thus be the United Nations Office for Ocean Affairs and Law of
the Sea, the national delegations to the Preparatory Commission,
and the governments they represent.

Nyhart et al.: "A Pioneer Deep Ocean Mining Venture”,
Massachusetts Institute of Technology, Cambridge, MA, February
1984, 255 pp.

An similar analysis was also made at the Fridtjof Nansen
Ingstitute in 1982: Xnund Haktorson: "Commercial Exploitation of
Manganese Nodules - Costs, Revenues, Profitability and Risks",
The Pridtjof Nansen Institute, June 1982, 152 pp.
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CHAPTER 4:

THE INDIAN NODULE PROGRAMME IN AN INRTERNATIONAL PERSPECTIVE
- PROSPECTS POR COMMERCIAL EXPLOITATION.

Purpose.

The aim of this final chapter is to place India's vlans for
commercial exploitation of nodule deposits in the ZTentral Indian
Basin in an international context. National programmes in Asia,
Europe and North America will be presented and assessed. In
addition to a descripticn of on-going exploration, research and
development work in the respective countries, 2an assessment will
be given of the way in which activities are organized and
financed, of the individual countries' motives for involvement,
and of plans for commercial exploitation. The main purpose of
the chapter is thus to assess the prospects for commercial
exploitation of polymetallic nodules in general. We 3shall
attempt to answer the following questions:

- When can commercial exploitation be expected to commence?
- Who will start, and why?

-~ How will first-generation projects be organized?

Preconditions

Commercial exploitation of nodules will depend on the

interplay between economic, political, technical, legal and
environmental factors. These factors will therefore be regarded
as interdependent. I will also distinguish between different
types of actors, and examine the groups one by one. The reason
for this is the considerable disparities between the interested
parties in terms of motivation, financine and organization 1).
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4.1. DEEP SEABED MINING FROM THE MID -70s8 UNTIL THE PRESENT:
DEVELOPNENT TRENDS.

Three distinct periods

Preparations for commercial exploitation of nodules began in earnest
with the formation of four internationally composed industrial

groups (consortia) in 1973-76. Three separate periods can be
distinguished:

1973-76 to 1980-81: Private companies with profi%t motives.

The first veriod commencing with *he formation of *he industrial
groups and bringing us to 1980-81, is characterized bv wvrivate
industry's high expsctation for profit, and investing in deep seabed
mining. Expectatioas as to profitabiliity were considerable at the
time the companies were formed. The publication in the early 70s of
reports giving an exaggerated impression of the scope of the
resources, while underestimating the technological ané economic
aspects, was partly to blame for this. Each of the four industrial
groups invested between 100 and 250 million dollars in exvloration

and development of technology for mining, transport and crrocessing
2).

1980-~-81: New actors enter the arena.

Around 1980 the four consortia drastically reduced the scale of
their development programmes. At that time metal prices were very
low as a result of the decline in growth of the world economy. In
addition, the consortia were 2also thoroughly dissatisfied with
developments in the UN Law of the Sea negotiations.

In my view, economic considerations carried far more weight than
political ones in determining this 'wait and see' attitude. If the
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companies' analyses around 1980 had concluded <hat <hese projects
would prove commercially viable in a 5 to 'Q vear »ersvective, it

would not be unreasonable to assume that national legislation would
have been passed %o enable such development.

1981 - to date: State programmes with long-term sucrply motives.

Nations and governments with not only *he will but <2lso the 2bility
to think in a long-term perspective, and with either supply and/or
political motives behind their engagement, were the new *vpe of
actors that came on stage around 1981. Since *hen, stats programmes
have dominated developments in this field.

France, India, Japan and ‘he Soviet Union Launched ~omprrenensive
exploration and development programs around °‘921. ~hina and South
Korea followed some years later; they have zarried sut creliminary
exploration and techno-economic analyses. In additicn, <he Federal
Republic of Germany has its own research and development programme,
and Norwegian and Finnish industry have also initiated
R&D-programmes.

Four pronounced trends

If we look at developments €from the time industry eroups were formed

and up to the presen%, we can observe some cronounced “rends:

Geographically: Europe and Asia have increased *heir involve-
ment, while the level of activity in North America nas declined
drastically.

Organizationally: In active countries *here is »ften cooperation
at the natioral level among the research community, industry
and government authorities.

Ideologically: As to the question of private ronsortia versus
state programmes, there are different motives for invclvement
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and different attitudes towards state subsidization.

North-South: Some develcping countries have a stronger position
than perhaps could be expected. Tor instance, who would have
believed Iin 1982 that India would turn out to be the firss

country to achieve status of Pioneer Investor pursuant to the UN
Convention on the Law of the Sea?

The ultimate question is, of course, whether these trends will
endure and even intensify in the future. Will for instance
government-organized and government-funded projects dominate the
coamercial exploitation of nodule ieposits? To answer *his, we shall
have to examine the various zroups =2nd *ry to predict probable
developments within each one.
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4.2. POSSIBLE DEVELOPMENTS WITHIN THE VARIOUS GROUPS OF ACTORS

Groups of actors

For the purposes of this analysis, we distinguish between these
three groups of actors or participants:

- Developing countries and the 'Jnited Nations

Three subgroups:

- The "superpowers”™ of the Third World: India and “hina.
- Other developing countries.

- The "inited Nations.

~ National programmes in industrialized ~ountries

- Private companies

Three subgroups:

- Internationally composed industrial groups.

- Active participation in national programmes.
- Independent suppliers to national programmes.

Possible developments within the respective groups

Re.: Develoring countries and the United Na‘ions

India has carried out 2 comprehensive exploration pnrogramme in the
Central Indian Basin. Techno-economic feasiblity ~nalyses have been
made; and India has also progressed far in developing and testing
methods for nodule processing. India is now, as mentioned in chapter
two, facing a new stage of development - preparations for *test
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mining and commercial exploitation of the deposits. Some
re-organization is therefore likely to take place, invnalving for
instance greater participation of Indian industry and shipping in
future programme develorment. Supply considerations underlie
India's involvement here.

China has conducted initial exploration in the Pacific Ocean and nas
carried out preliminary techno-economic 2analyses. ~Thina nay well
becozme increasingly involved in the coming years. There is for
example reason to expect that China will apply for a mine site in
accordance with the UN Convention in the course of the next one to
two years. One reason could be the wish to acquire "a fair share" of
"the common heritage of mankind". Another reason may be the

China-India rivalry, spurring China to match India's claims.

India and China are undoubtedly the superpowers of the Third
World. For both of them deepsea engagement will be a vpart of
their high tech drive to avoid missing the industrial revolution

for the second time. What then about the other developing
countries?

The great majority of developing countries have no realistic
possibilities of participating independently in deep seabed mining.
Any participation will have to be through the 1IN, and establishing
of the Enterprise under the UN Zonvention on the Law of the Sea.

I personally feel rather sceptical as to the rationality of
establishing a separate UN-based company to carry out commercial
production parallel with other first-generation projects funded by
governments or private companies. The Enterprise ought rather in my
opinion to aim at establishing cooperation with other ~~mpanies and
groups, so as to build up techno-economic competence 3).

The establishment of regional cooperation may represent another

long-term opportunity for developing countries to hecome involved in
this area 4).
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Re.: National programmes in industrialized countries

Long-term supply security is a main motive behind *the various
governments' involvement in deep seabed mining. Moreover,
exploitation of deep seabed minerals can represent an important
growth area for industry, shipping and research in these countries.
By financing exploration and development of technology the

respective governments are helping companies %o build up competence.

There is reason to believe that government involvement in Europe as
well as Asia in deep seabed mining will be sustained until
commercialization of the projects takes place. HYowever, governments

are also likely to encourage stronger involvement from %the private
sector in for instance financing.

There is also reason to believe that individual ~ountries will be
interested in a greater degree of international cooperation in the
years to come. France, the Soviet Union and South Korea have all
initiated cooperation with other countries, and Japan also seems
interested. The cost of for instance the French and the Japanese
deep seabed programmes would undoubtedly have been lower if
cooperation had been arranged from the outset.

It is primarily countries in ZSurope and Asia that nave initiated
national deep-sea mining programmes since 1981. The United States
has been somewhat passive - except for the exploration of
polymetallic crust deposits off Hawaii and sulphide resources off
the US West Coast, for several reasons. In the USA, private
enterprise predominates while Europe and Asia have *traditions of
stronger national engagement, with closer cooperation between
industry, research and governmental authorities. It would also seem
that the USA has had, at best, a somewhat hazy national ocean policy
since 1981. Ocean policies appear to be formulated at the regional

level, for instance for the State of Hawaii, rather than for the
nation as a whole.
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The Canadians have concentrated their efforts on exploring the
sulfide deposits off the Canadian west coast.

We should also mention that the heavy state subsidization that has
taken place in Europe and Asia since 1981, is altering the economy
of deep-sea projects for private companies. The investment cost
will be reduced, while the profitablity will increase.

Re.: Privat companies.

Private companies group !': the international industrial eroups.

The four internationally composed iIndustrial aroups adopted, =s
mentioned, a non-commital or "wait and see" attitude in 1980-31.

However, we must also keep in mind the following two factors:

- The groups carried out a comprehensive exploration and
technology development programme up to 1980-81, providing them
with a very sound technological basis for future commercial
exploitation.

- A political-legal basis for future commercial exploitation
exists. The problem with overlapping claims in the
Clarion-Clipperton area in the Pacific has been settled and mine

sites have been allocated to the groups in accordance with
US legislation.

Reactivation of the industrial groups will depend primarily on
developments in the metal markets. During late 1988 and 1989, metal
prices were high. However, the situation remains highly unstable.
Nickel and copper prices for instance are expected to fall in 1990,
as expanding production overtakes demand. The price fall in 1990
must be regarded as a natural reaction to the high average price
sustained during late 1988 and 1989.
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It will be interesting to observe to what extent vrices will
stabiliz2 in 1992-93 - and whether at a level that can make deep-sea
mining attractive to private sector 5).

If nodule metal prices should stabilize 2t a level that would allow
mining companies an acceptable return on :nvestment, there is reason
to expect a reactivation of the industrial groups. This was
cenfirmed by the leader of one of *he grouvs {personal
communication, June 1989).

In this case, there is likely to be some change in ownership.
Moreover, the industrial groups will probably be interested in
firmer international cooperation: indeed, there are indications that
such a cooperation can be a reality in the next four to six years.

This point is discussed later in the chapter.

Private companies group 2:

Active participation in national programmes

The Japanese project was established in 1981. The first three years
were spent building up basic competence, and the research community
was primarily involved. This competence was subsquently handed over
to Japanese companies. Since then companies like Mitsubishi Heavy
Industries, Ishikawajima-Harima Heavy Industries Co. Ltd. and
Mitsui Engineering and Shipbuilding Co. Ltd. have been responsible
for further development and testing of the Japanese mining concept.
In India there will probably be increasing company involvement in
the deepsea project, while French industry is active in France's
national programme.

Typical of the private companies participating in the Japanese and
French deepsea projects is that development of technology and
competence is nearly 100% government funded. The French have
invested more than 700 million francs in their vprogramme to date.
Government subsidization reduces the cost of +he "entrance ticket" -
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the price that companies have to pay to enter the market thereby
easing the "economy" »f the projects from the companies viewpoint.

Private companies group 3:

Independent suppliers to national programmes

Norwegian companies have supplied equipment and services to India,
France and the Urited States 6). Finnish companies have carried out
consultancy work and development of technology in deep seabed mining
for the Soviet Union. The Norwegian and Finnish companies are
examples of what can be called independent suppliers. When the time
approaches for commencing commercial exploitation the number of
"independent suppliers" will increase.

The majority of the present actors in deep seabed mining are
typically engaged in every phase of such a project. This is a matter
of vertical integration where the countries and consortia are
already involved, or wish to become involved in, everything from
exploration to marketing of the finished metals. In addition to
these actors, we will increasingly see suppliers specializing in
certain parts of the technology - companies we could call
"niche-suppliers"”.
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4.3. PROSPECTS FOR COMMERCIAL EXPLOITATION OF NODULE DEPOSITS

Time perspectives

Commercially interesting nodule deposits have been identified in

the Central Indian Basin and in the Clarion-Clipperton area of the
Pacific. While the nodule deposits in the Central Indian 3Zasin are
sufficient for one - or maximum two - first generation commercial
projects, the Clarion-Clipperton area contains enough nodules for at
least ten full-scale prcjects. The aim of *this section s %0 look at
the time perspectives for commercial exploitation of the nodule
deposits in the Clarion-Clipperton area of the lacific.

Three countries (France, Japan, the Soviet ‘Inion) and four
international industry groups registered in the Tnited “tates

(Ocean Minerals Company, Ocean Management Incorporated, Ocean Mining
Associates and Kennecott Consortium) have been granted mine sites in
the Clarion-Clipperton area in accordance with the UN Convention on
the Law of the Sea, and with US legislation, respectively. It is
2xpected that China - and possibly also South Korea - will apply for
mine sites in this area within the next two years.

Japan has formulated plans for test mining. The intention is to
carry out preliminary testing of mining technology in the Clarion

Clipperton area around 1995, at which time .Tapan will decide on the
further schedule for the project.

There have been discussions for some time now between .Japan, France

and West Germany on a possible cooperation in deep sea mining. This
might well lead to a2 major international nodule cooperation project

in the Clarion-Clipperton area. Such a major international

cooperation project could become a reality after the Japanese have
finished their initial testing programme.

Reactivation of the industrial groups will depend primarily on
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developments in the metal markets. Should prices for nodule metals
stabilize at a level that would enable the mining companies to earn
profits for the next three years, there is reason to expect 2
reactivation of the industry groups. They cculd then also be

interested in joining a possible cooperation oroject. This will be
discussed below.

Generally, it will take approximately 8 to 10 years from the time a
country or company completes preliminary testing of mining,
transport and processing technology until a total concept has been
developed ready to be applied on a commercial scale. Thus it is

reasonable to expect exploitation to commence sometime between the
year 2000 and 2005.

Organizational changes - international cooperation.

The next five years may prove highly interesting. Test mining will
take place. Private companies could take a renewed interest in this

sector because they may once more find the projects economically
attractive.

Great organizational changes could well follow. Purely national
initiatives could be largely replaced by international cooperation -
where states as well as private interests participate. Many factors
indicate the advisability of such cooperetion:

- Purely national initiatives mean costly development
programmes.

- There are significant similarities between the basic techno-
logy planned for use by the national programmes and the

international groups during commercial exploitation.

~ Within the national programs there is an increasing willing-
ness to cooperate with others.
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- It is worth recalling that the explcration and ‘echnological
developments undertaken by the international =sroups were
characterized by cooperation between American, =uropean and

Japanese companies.

Political and Legal Aspects.

Summing up, I believe there are good possibilities that the next
five years will be marked by great changes within the fieid of deep
ocean mining - both technologically, economically and with respect
to the organizing of the activities. On this background, one can
foresee great political and legal challenges, especiallv within %wo
fields:

- It is a matter of considerable urgency to establish a set of
rules and regulations that can prevent environmental damage
and secure a sustainable development in this field.

The United States, West Germany and Great Britain have chosen
not to sign the United Nations Law of the Convention of 1982
because they disagree on some of the rules intended to
regulate the future exploitation of the deep sea minerals. In
my view, an initiative should be taken to get these countries
to enter into the cooperation on ocean law again, and thereby
create the foundation for a commonly accepted Convention on
the law of the sea.
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Notes — Chapter 4:

1)

2)

3)

This chapter is based on a forthcoming book by Jan Magne
Markussen: "Pnlymetallic Nodules - Prospects for Commercial
Exploitation"” (to be published in 1991).

The shareholders of the four industrial groups - Ocean Minerals
Company, Ocean Management Incorporated, Ocean Mining Associates
and Kennecott Consortium - are high technology, mining and oil
companies from North America, Furope and Japan. The owner
companies had various motives for their involvement. Some
discerned potentials for further development of their
technology. Others saw deepsea minerals as a source of

supply for important metals. The main objective was naturally
financial profit.

Bach of the four consortia invested between $ 100 and 250
million in exploration and development of technology for

mining, transport and processing. By 1981 the industrial groups
had identified commercially interesting resources in the Clarion
Clipperton area in the Pacific, and had carried out successful
small-scale tests of mining and processing technology.

It should be mentioned that the governments of for instance
Japan, West Germany and Britain subsidized part of the
investments made by companies from these countries. The French
Government also financed a considerable part of the approx.

200 million francs that were invested in the French group

AFERNOD (Association Francaise pour 1'Etude et la Recherche des
Nodules). :

The development of deep seabed mining from 1973-76 up to 1981
is discussed in Jan Magre Markussen: "Status and Perspectives
for Exploitation of Polymetallic Nodules", Fridtjof Nansen
Institute, December 1983, 229 pp.

The "Enterprise” is in principle planned to be established and
organized to carry on commercial exploitation on the same basis
as other commercial companies. To this I have some comments. The
Enterprise will experience no problems in gaining access to the
necessary technology. Technology will, however, have its price;
and great technological and economic uncertainty will surround
first-generation commercial projects. I consider it unrealistic
to expect a particularly high internal rate of return for these
projects. This makes me rather sceptical as to the rationality
of establishing a separate UN-based company %to carry on
commercial production parallel with other first-generation
projects funded by governments or private companies. The
alternative is, in my view, to try to work together with other
companies and groups in order to build up techno-economic
competence gradually.
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4)

5)

The Enterprise could then at a later date decide whether to
commence its own production or continue %o collaborate with
others. If the Enterprise should want *o g0 ahead on its own,
the parallel system of the UN Convention on the Law of the Sea
will secure excellent mine sites for the Enterprise. One method
of achieving this initial collaboration could be for the
Enterprise to buy shares in other companies/industrial groups.
Another alternative could be the allotment of B-share capital to
the Enterprise as part of the concession terms. 3y acquiring
B-share capital, the Enterprise will gain increased ¥nowledge
and thereby build up its own competence, with *he industrial
groups still retaining control of the company. This would
naturally necessitate some alterations in the text of the
convention.

This is not likely to materialize during first-generation
projects, for financial and technical reasons. However, for
later—generation projects this may prove 2 possible alternative.
It is for instance conceivable that the IOMAC-cooperation may be
developed in that direction. TIOMAC (Indian Qcean Marine Affairs
Conference) is a regional collaboration between countries in and
arcund thre Indian Ocean, with its secretariat in Colombo, Sri
Lanka.

The expected reduction in the base metal prices is commented on
in Financial Times, 24 November 1989. According to the latest
report from the Economist Intelligence Unit, the decline in
copper prices next year will occur mainly due to an expected
200,000 tonne surplus of refined copper supplies over demand, up
from near zero this year. The unit's latest report *) on
industrial raw materials forecasts a price for copper of 95
cents per 1lb in 1990, 24% down from the expected 1089 average.

Nickel is expected to be under $4 per 1lb, against 36 ver 1b this
year.

The copper surplus will allow some rebuilding of severely
depleted stocks. The Report also points out that at 95
cents/1b "most producers will still find copper production a
highly profitable business".

The vulnerability of the nickel market to its dependence on
stainless steel is likely to show next year, according to the
report, which estimates a market surplus of around 55,000

tonnes next year, up from 10,000 tonnes this year. However, the
apparent overproduction is not expected to depress prices
severely. "Because stocks have been reduced to levels bordering
on the unworkable over the last two years, the surplus will
allow stock recovery to continue", says the Report. Hence "a
gradual decline and stabilisation of spot market prices is most
probable over the forthcoming year".

*) World Commodity Outlook 1990 - Industrial Raw Materials,
Economist Intelligence Unit, London.
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6} Some 3C Norwegian companies and organizations have joined forces
to offer products and services for exploration, mining,
transport and processing. The Norwegian group was also joined by
Swedish companies and organizations in January 1988. (Cf. Lars
Lothe, Ed.: "Deep Seabed Mining - Norway and Sweden - 1088
Compete?ce Report", Fridtjof Nansen Institute, August 1988,
244 pp.
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APPENDIX

WORK BREAKDOWN STRUCTURE

In this appendix the main phases of the nodule programme are split
into subphases:

- General

- Exploration

- Mining

- Transportation

- Shore terminal

- Procesc plant

- Project support

The WBS is based on J.M. Markussen et al.: "Technological Challenges
Facing the Indian Ncdule Programme", Pridtjof Nansen Institute, Oslo
1989, 192 pp.
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1. POLYMETALLIC NODULE DATA ACQUISITION PLAN (Prospecting/Exploration)

— LEVEL 3
LEVEL ) - LEVEL 4 — LEVEL $§ . _LEVEL ¢
1.1 Pre-survey
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1. POLYMETALLIC NODULE DATA ACQUISITION PLAN (Prospecting/Exploration)

LEVEL 3 e -
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1.2.4.4.
}—-1.2.4.4.2 Field progress reports .--"ml
~1.2.4.4
}-1.2.4.4.) Reports on equipment -- . __
performance 1—1.2.6.!
|—-1.2.4.4.4 Report on personnel —._.___
management 1~l‘2.l.d
|—1.2.4.4.5 Reports to clients _._>,~_«<"1
-1.2.4.4
—1.2.4.4.6 Scientific repurts S
- 1.2.4.4
|--1.2.4.4.7 Project 1eports _”mnum.__-_‘j
1.2.4.4
--1.2.4.4.8 Feedback reports to prouject -l
1.2.4.4

planning unit and survey
unit

1.3 Other survevs . - L.
1.3.1 Survey to report pilot mining opevation and nodule transport
1.3.2 Survey to support investigations for possible harbour site

1.3.3 Survey for deployment and retri val of oceanographic buoys

1.3.4 Any surveys requisted by project it required to ensure project activity implementation



____WORK BREARDOWN STRUCTURE for an GCEAN M INING PROJECT .

2. NINING PROJECT
——_LEVEL 2
———LEVEL )

2.1 _State of the art in ocean mining?
2.1.1 availadle technology‘

2.1.2 Necessary research®

and development

ttom unit

Bottom unit - —
enyineering

4.2 dot
2.2.1

[

[ 3]

o

[E]

1.1.

[¥]

1

-1

.2

LEVEL 2

Desi1gn banis® - -

Structure design®

Instiumentation system®
design

Mechani. al system®

1-2.2.
|-2.3.

L-2.2.

-3.3.
|-2.2.
}-2.3.

-2.2.

2.2,

Power uystem design®
t:Z.Z.
2.3,

-2.3.
| -2.3.
-2.3.
-3.3.
}-2.2.
L .2,

F I CHENE LIS S

wuuuu'u-ul

wps SHERT ne. 12

. LEVEL 2

Problem detinition - — ~

Design

Econom

Vehicle Frame

Jumper

Buffer

Attachments

Connec

Puwer

Tranumi sl n

Signal

Progul

steurd

l.2
criterdla - - .l
ical aspects - oo -

L2

_____ 1.2,

T T L
storage ———

L2,

___,_.__w,__j ’

LIioNs ——e em = - -

| 2.
quurce .—— - — _.,l .:

| I

Ingtiuments? —_ - - -

| 2.
cpansmigsion® —

l 2.2
sioh* -

Lo
N 0 sl 1y -I

Nodule
Nodule
Nodule
Buffer

Contro

pic up* —__—_—___-_~1
2.

treatment® —
2

transter® ——————
12

storage units -

la.
) YL
I 2.

to

0

[ X}

-

[ &}

[ X



.,

_____MORK BREAKDOWN STRUCTURE for an OCEAN MINING PROJECT . WhS SHEERT no. 14
2. HMINING OPERATION
___LEVEL 3 . _
—_LBVEL ) . LEVEL 4 : . LEVEL 5 —.— LEYEL 6
2.3 Bottom unit
from sheet! no. 1)
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——MORK BREAEDOWN STRUCTURE for an  OGCEAN MINING PROJECT

3. TRANSPORTATION
—LEVEL 2
——LEVEL )
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-3,
-3.1.1.1.6 Layout trantfet wquipment l
-3.1.1.1.7 Puwer supply to transtes
equipment l-J.
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J. TRANSPORTATION
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LEVEL
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___VMORE DREAKDOWN STRUCTURE for an__QCEAN MINING PROJECT ...

4. SHORE TERMINAL
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4. SHORE TERMINAL
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—WORE DBREAKDOWN STRUCTURE for en OCEAN MINING PROJECT

LEVEL ¢ -

Vessel traftic system®
-__1—4.2.2.1.1
Betthing and de-berthing®
Le.3.2.2

Berthing aid system®
L—d.ﬂ.).].l

Availubility of habour®*
L-C 2.2.4.1

Shap vquipment —.
L—C.).b.l.l

Land based equipmente
l.c.z.s.z.n

Open areas

L—C.Z.
Sheltered areas —
L—C.).

L
N e
- e

Specifications safety —i
4.3

Design satety ___”________]-
-4.3.1.2.1
Construction safety ————__]
~4.3.1.3.1
Personnc) safety -——_—_——_L.
4.3.1.4.)
Operaticnal satety
L—d.).l.s.l

Approach lanes ——.

L—C.J.a.l.l
Protect ive measures

l-c.).z.z.x
Access routing —

L_c.s.z.s.x

Manueuering arvas ——
4.3

Anchora v areas
L—J.J.z.s.l

Berths structures
L—C 3.

3.1.1

Design iiude ———— -L_
4.3.2.2.1

Buerth equipment — . ——___1_
4.3.2.3.1

Erosion protuction -——-———1_
4.3.2.4.)

¥hd SUEET ne. 31
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——WORK BREAKDOWN STRUCTURE for sn OGCEAN MINING PROJRCT YB3 SHERT n.. 41

4. SHORE TERMINAL
—LAVEL ) . - —--LEVEL & . . ——LkEYEL 2 —--LEVEL §

4.3 3upply bass® . .
4.).4 Berthing operations -
~4.3.4.1 Vessel traffic system
L.c.s.a.n.x
-4.3.4.2 Berthing and de-berthing
—1-4.3.2.

-4.).4.3 Berthing aid aystem

L—d.).).).l
—4.3.4.¢4 Availability of habour

L.a.:.z.

4.1
4.3.5 Discharge ———
procedures }-4.3.5.1 Ship equipment
L—l.).S.l.l
L-4.3.5.2 Land based equipment ———
'—1_6.1.5.2.1

4.).6 Temporary storage -—

-4.3.6.1 Open areas

l—‘.l.b.l.l
L_4.3.6.2 Sheltered areas

l—‘.).6.2.l

al*

4.4
4.4.1 Safery
4.4.1.1 Specifications satety
T Laan.

1.1

4.4.1.2 Design safely — _1_
4.4.1.2.1

4.4.1.) Construction safety —L
-4.4.1.3.1

-4.4.1.4 Personnel satety _________1"
4.4.1.4 1

-4.4.1.% Operational safety ———-———1_
4.4.1.5.1
4.4.2 Rarbour basin
4.4.2.) Approach lanes -——————————1_
4.4.2.1.1
4.4.2.2 Protective measures
l_c'a.z.z.l
4.4.2.) Access routing ——————————-~—1~
4.4.2...1
-4.4.2.4 Haunouering areas -—__—__——_L.
4.4.2.5 Anchorag A
L-4.4.2. nchorage arcas -—-————-——1
—4.4.2.5.1
4.4.) Berths
--4.4.3.1 Berths structures —————-—1—
4.4.2.1.1
-4.4.3.2 Design loads .-———-—____~_1—
4.4.2.2.1
-4.4.3.) Berth equipment ———-————-——-1
-4.4.2.3.1

~4.4.).4 Eiosion protection -—--———1—
4.4.2.4.)
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S. PROCESS PLANT

$.1.2 Geotechnical survey

$.1.) Power supply

S.1.4 Infrastructure

§.2.1 Nodule transport

§.2.32 Reagents transport

$.2.3 Metal tranasport

3.1 Pre-investigatione
§.1.1 Onland survey ———-_-1_
S.

-5 .
5.

4.

planning 5.

Ls.

}-9.
- 8.

Ls.

____WORE BREAKDOWN STRUCTURE for an OCEAN MINING PROJECT

LEVERL &

Mapping

Ls.1.1.11

Soil survey _.___——L
5.1.2.1.1

Rock survey -_________.___l-
5.1.3.3.1

Electrical — L
$.1.3.1.1

Gas

Ls.1.3.20

Transport systems

-5.1.4.1.1
-5.1.4.1.2
LS.I.‘.I.J

Buildings

|-9.1.4.2.2

Lb.l.‘.?.)

Water supply
t:S.l.C.J.l
5.1.4.3.2

.1hcads

Ls.2.1.1.
Rail

Ls.2.1.20
Pipelines

Ls.2.1.3.1
Roads

Ls.2.2.1.1
Rayd

Ls.2.2.2.1
Pipelines

lLs.2.2.3.1
Rnads

Ls.2.3.10

raid Ls.2.2.1

Roads

ls.1.4.0.1.8
Rail

ls.1.4.1.21
Pipelines

Ls.1.¢6.1.31
Accommodation/office ——

—1-5.1.‘.2.1.l

Factory buildinga -——-——-—1_
5.1.4.2.2.1

Storage bujldings

1s.1.4.2.3.1

Cooling water _—-_“_____“l
-$.1.4.3.1.1

Comnumable water ————-—-—
l.s.1.4.2.2.1
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___ WORK BRERAEDOVN STRUCTURR for an OCEAN MINING PROJECT SHEET no. 33
S. PROCESS PLANT ‘
LEVRL 2 |
—LRYRL 3 —LEVEL ¢ — LEVRL S —-LAYEL & |
i
- — 1
$.3.4 Vaste transport |
| s.2.4.1 Roads -. |
- Ls.z.a11
--5.2.4.2 Rail
Ls.a.4.2.1
.5.2.4.3 Pipelinus L.
$.3.4.3.1
3.3 Proceas plent . __
5.3.1 Site preparation —
5.3.1.1 Soil — L
5.3.1.1.1
-5.3.1.2 Rock
Ls.3.1.2.1
-.5.3.2.1 Accommodation/oftice L.
$.3.2.1.1
-5.3.2.2 Factory buildings .—L
$.3.2.2.1

L-$.3).2.) Storage buildings
L—S.J.Z.J.l

5.3.3 Process equipment ——,

}-5.3.3.1 Nodule process
L—5.J.J.l.l

$5.3.3.2 WVaste treatment
L—5.J.J.2.l

$.3.4 Other equipment -———1“
S.

5.3.5 Storage

5.3.%.1 Nodule storage
L—S.J.S.l.l
5.3.5.2 Reagent storage
L—S.J.S.z.l
-5.3.5.3 MHetal storage
L-s.:.s.:.x

5.).6 Other tacilities
l—S.

|
|
|
5.3.2 Buldings —— —— |
i

e
5.4.1 Site survey

-5.4.1.1 Waste hasin

L-S.d.l.l.l
$5.4.1.2 Access rosdp ———-

L-S.l.l.:.l

~5.4.1.) VWVaaste transport
corridor L—S.l.l.l.l

$.4.2 Site preparation -—1_

$.4.2.1
$.4.) Daposit system
1-5.0,3.1
5.4.84 Water treatment - .
L-S.l

.4.1 Waate sipage water
L—S.l.l.l.l




- MORK DREAEDOWN JTRUCTURE for an
6. PROJECT SUPPORT

—LEVEL 3.
-—LEVEL 3
1 _Mana LI
6.1.1 Prospecting and — -
exploration adm. -6.1.1.1
-6.1.1.2
~-6.1.1.)

©.1.2 Mining operation —
administration -6.1.2

2
-

-6.1.

~
~

-6.1.

»
L

6.1.3 Transport vessel

administration -6.1.3.1
|-6.1.3.2
L 6.1.3.)

6.1.4 Shore torminal ——
administration 6.1.4.1
6.1.4.2
6.1.4.)

6.1.5 Process plant ——— -
administration 6.1.5.1
6.1.5.2
6.1.5.)

65.1.6 Authorities® ———
relations l~6 1.6.1

6.1.7 Construction®
management L—G.l.?.l

Miminiatration

L-G.l.
Quality assurance
quality control L—G.l.

Safety management
L-é.l,

Administration

L—G.l.
Quality assurance
quality control |—6.l.

Satety management --—————1_
6.1.

Administration

L-G.l.
Quality assurance
quality control l-s.x.

Safety management -———-———1_
6.1,

Administration

L—G.l.
Quality assurance
quality control L—G.l.
Safety management

L—S.l.
Adainistration

L-G.l.
Juality assurance
quality control L-641.

Safely management _—_-——__L
-6.1.

_LEYEL 3

¥ed IHERT ne. 33
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6. PROJECT SUPPORT

——LEVEL ¢

— LEVEL 2

§.1 Rlannina apd_sontrels

6.3.1 Cost controle
-6.3.1.1

6.3.1.2

—-6.3.1.)

6.3.2 Progress reports ———
| ¢.3.2.1
-.6.3.3.,2
-6.3.2.)

6.3.) Project planning®
—]—6.).).l

6.1.).2

6.3.4 Documunt controle
].s.).c.x

-6.3.4.2

——MORE BREAEDROWN STRUCTURE for en_ QCEAM MINING PROIECT

~—LMEVEL 8

Mudgeting

Ledaaa
Accounting

L.e.).x.z.:
Project control

l—t.).l.).l

External reports

L-C.J.l.l.l
Internal reports

L.0.).z.a.x
Hanagement reports

l-s.s.z.).x

Time estimates
.3.3.1.)
logistic network planning
1—6.).).3.1

Filing —

Le.s.e1n
L. .4.2.1

hocument handling

YAA _SMERT no. 23 .. . .





