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Pref ace 

The aim of this report is to focus on challen~es facin~ Indian 
companies in deep seabed mi~1n~. 

The report is divided into four chapters: 

A brief presentation of the nodule ienosits in the Central Indian 
Basin wiil be ~iven in chapter 1: 0wnership, size of deposits an~ 
formation will be dealt with. 

The aim of chapter 2 is to ~ive a brief evaluation of the status 
of the Indian nodule pro~ramme and the prospects for commercial 
exploitation. The asnects dealt w~th are back~round, today's 
situation, motives, time nerspective for commercial exploi+,ation, 
organizational challenges and possibilities ~or cooneration with 
other countries. 

Chapter 3 describes the technolo~y to be emnloved for exploration. 
mining, transport and processin~ of nodule 1eposits. Importance will 
be placed 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 ~iven of the economics of deep seabed 
mining. 

The aim of chapter 4 is to place India's plans for commercial 
exploitation of nodule denosits in the Central Indian Basin in an 
international ~cntext. National pro~rammes in Asiar ~urope and 
North America will be presented and assessed. !n addition to a 
description of on-P,oing exploration, research and development work 
in the respective countries, an assessment will he ~iven of the wav 
in which activities are organized and financed, of the individua~ 
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 followi~~ questions: 

- When can commercial exploitation be exnected to commence? 
- Who will start, and why? 
- How will first-~eneration projects be or~anized? 

By request from UYIDO, particular emphasis has been attributed to 
chapter 3 and 4. 

Jan Ma~ne Markusser. 
Oslo, 27 June 1q90 
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CHAPTER t 

POLYJIETALLIC NODULES Ilf THE CERTRAL IWDIAR BASIN 
RESOURCE BASE 

Purpose 

A brief nresen~ation of the ~odule 1eoosits :n +he ~en+r~l !ndian - . 

Basin will be Riven ~ere: 0wnership, si~e ~! ~enosi~s ~n~ 0 ormation 

will be dealt with. 

Registration of India as Pioneer Investor 

India was re.Q;istered as "Pioneer !nvestor" on i? Au~st 1qq7 hy "the 

Preparatory Commission for the International Sea-Bed Authori+y Rnd 

for the International '!'ribuna.l ~or the Law of the ~ea" (PrepCom). 

India thus ~ecame the first country in the world to achieve status 

as Pioneer Investor in accordance with the 1?q2 United ~ations 

Convention on the L~w of the Sea, and was ~llocated exclusive riaht:s 

for exploration an~ commercial exnloitation o: nolv~e~~!!ic nodules 

in an area of 150,000 square ~ilorne+:ers in •he 1 ~ntr~l r~~ian ~a~ir. 

1). 

The !ndian re~istration is interestinP ~or ~eve~al ~ea~unG. When 

the Convention was formulated, therP were many who ~eared that onlv 

the rich and developed countries would b~ able to ~ine "t~~ common 

herita~e of mankind" as these deposits are ~alled. ~n~i~ :s by no 

means a tynical developinP country. Nevertheless, ~ery ~ew people 

outside !nr!ia believed in 19.q2 ~;hat India woulrt +.urn nut ~o be +:he 

firot country t.0 achieve status as Pioneer !nv~stor ?). A map 

showjn~ the mine site or "Pioneer Area" alloca~ed to !ndia in the 

Central I~dian Baoin is nresented on the next nRRP. 
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Nodule Deposits in the Central Indian Basin 

T~e !ndian O~ean in ~eneral 

Figure 2 shows distribution of deep sea minerals in •1arious basins 
of the Indian Ocean 4): 
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It is assumed that qbout ~O million square ~ilom0 te:~ ~: ~he Indian 

Ocean - to a smaller or lareer de~ree - is ~~v~:e~ ~i~h ~euosits of 

polymetallic nodules;). ~here are nodules :n ~ll 0f ~ha. 2eabed 

regions, but density varies qreatly wit~in ~nd ~e+veen ~he 1ifferent 

re~ions. 

Centr&l Indian 3asin: ~i=e of ar 0 a, ~etal ~cntent ~n~ nodule 1ensitv 

Grades for potential economic denosits have been giv~n in ~he ranee 
of 1 .1-1 .6~ nickel, 0.a-1 .2~ copner, ''.2-0.~~ cobalt ~n~ ~~.0-~0.0~ 

man~anese. Nodule density is indicated ~s c_,~ k~/m2 ~' 

~he interestin~ nodule denosits of the :ndian 0ce~n ~re si~uated in 

deerees and 16 dearees southern latitude. ~ic~Pl ~n~ ~orr0 r conten+ 

is particularly hi2h in q ~00,000 so.km. east we~t ~ 01+ ~t 12-1~ 

de~rees south. Results :rom the Indian explor~tion proPramme show 

that the average content of ni~kel and copper in the nodule-rich 

belt at 12-13 de~rees south is approximately 2,4~ 7). ~ea depth 

varies between 5,000 and S,500 meters. 

The high content of nickel and copper can be ~ttributed ~o current 

conditions and presence of the mineral todorokite in ~h~ no~ules 9). 

The nodule-rich belt lies in the crossin~ he~ween the 0 astPoine 

South Equatorial ~ountercurrent and the wes~~oin~ ?out~ ~nuatorial 

Current. When these two sea currents run ~o~e+her, ~oole: water 

of the equatorial undercurrent rises, le~din~ ~o increqsA~ 

hiological production in the surface water. There is thus qn 

increased influx of biologically transnortA~ metals to ~~e seRbed. 

The existence of todorokite is seen as ~ precondition ~or ~ormation 

of commercially interestin~ nodule neposits, since this is the onlv 

mineral likely to contP-in high concentrations of nickel an~ copper. 
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The highest content of these metals is incidentally :ouni where ~he 

seabed has sediment containinR silica a). 

~he nodule iensity in the ~rea varies between S 3nd !0 k£1rn2 10). 

Nodules in the Indian Ocean have ~n averqPe 1i~metPr of ~-~ cm. 

~hey are very porous, containin£ wq:er to the extent o: one thir~ 

to half their wei~ht. ~odules ~re extremely PrRRile: ~hey hreak 

easily and are crushed easily. ~hey are formed by metals, comin~ 

both from seabed and seawater, coverin~ a nucleus of sand, or~anic 

material, particle~ from other nodules, etc. 

Comparison with ~1arion-Clipperton nodules. 

Commercially interestin~ nodule ~eposits are locqted in the ~en~rql 

Indian Basin and in the Clarion-Clipperton area in the Pacific 

between Hawaii and the rrn West Coast. Nir.kel and copper content is 

about the same in both areas. ~his is also larRely 

true for manganese, wherea9 cobalt content is lower th~n in the 

Clarion-Clipperton area. Nodule densitv is also somewhRt low, ~-1n 

k~/m2 as comoared to 10 k~/m2. Nodule deposits in the rentrql !n~ian 

Basin ~ppear sufficient for one or two first-~eneration no~ule 

projects, whereas the corresoondinR figure for ~larion-~linperton iR 

ten. First-P,eneration nodule projects arA here de:ined ~8 nro~ectR 

havinP, an annual production canacity of ~ ~illion ~ons c: ~ry 

nodules over a period of 20-25 years 11 ). 

Seabed conditions in the commercially interestin~ parts of the 

Central Indian Basin and the Clarion-Clipperton are~ Rre verv 

similar. ~his can be of P,reat imnortance for future identification 

of commercially interestin~ deposits. Increa~ed knowle~~e of 

preconditions needed for ~ormation of the~e depoAits will naturallv 

alsJ facilitate the identification of 8Uch ~reas. 
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Rotes - Chapter 1: 

1) The ~ormer ~e~ret~ry of Department n~ ~~0~n ~ 0vPl~r~nnt, "r. 
s.z. ~asim, describ~s the ~recess like +his: "In 10R~. ~ndiR 
was recognized by ~he ~nited ~ra+ions Convention on ~he ~aw o~ 
the Sea as R Pioneer !nvestor in ieep seabe~ ~ininr. ~ro!'l +h 0 n 
onwards, a massive effort ~Rs put in by Tn~ia ~or +h 0 

exploration of polymetallic nodules in +he ~entrR~ ~~dian 0cean, 
primarily to identify two ~ine sites (anplic~tion qre~s) within 
the stipulated ti~e ~ixed by the ijN ?renar~torv ~a~~is~ion. mhe 
co-ordinates of the Rnplication-areas '2 -i.reas o:~ -c:o;~:::.n sq. 
km. each and of equal ~ommercial valuF' ~er 0 ~e+er~ine~ ~v +h~ 
end of 108~ and the anplication of !ndi~ Yas •11°d ~it~ the 
Preparatory Commission in January 10R4". ~he nrncess nf 
registration, however, was delayed because of overlap~in~ 
claims in the Pacific between France, .Japan, •he ::-o,:i~t TTnion 
and four industry ~roups. "After prolon~ed ~is~ussicns, R basis 
for resolvine the overlapping clai!'ls W!::!S ~ound :n Au?ust 10R~. 
Since India's case was !ree ~rom overlap, •he n~0 rar~t~ry 
Commission accepted the details provided by ~n~ia and register~d 
India's application on 17 Aueust 19~~". 

The description is from: s.z. Qasim and ~.R. ~Rir (Ed.': "~rom 
the First Nodule to the Pirst Mine Site - An Accoun+ nf the 
Polymetallic Nodules Project", Department of Ocean Development, 
National Institute of Oceanography, ~Tew Delhi and r}oa, 'V[ay 1°8Q, 
51 PP· 

2) Cf. chapter 4. 

~) ~he map is from M. Sudhakar: "Ore ~rade ManRan°se ~o~ules Prom 
the Central Indian Basin: An ~valuA~ion", ~qrine "'inin~, Vol. q' 
Mo. 2, 1 989, pp. 21 0- 21 .1.. 

1) The man is from: 'T.K. Banakar And V.N. :.:-oiaP:ali: "'10~~1"'._es n:- +i,e 
Centrai Indian Ocean Basin". Article nublishei ~n ".~. 0aRi~ 
and R.R. ~Tai r ( 19R 0 ) (cf. not;o 1) · 

5) H.N. Sid<liquie, D.R. Das Gupta, N.R. ~en~upta, n.r. "11rivastAva 
and ~- ~allik: "Manganese-Iron Noiules from the ~en~rql Indian 
Ocean", Indian Journal of Marine Sciences, Vol. ~, ~e~ember 
1q7g, pp. ~39-?40. 

6) United Nations: "Analysis of ~xploration qni Minin~ ~~chnclo~v 
for Manganese Nodules'', ~raham and Trotman/United ~ations, 
London/New York, 1984, 140 p. 

In this connection, ii mav be mentione<l +:h;:it, nolYmet:All ic 
nodules contain some ~O metals, amen~ which nickel, ~opper, 
cobalt, manganese, molyb<lenium, vanadium qnd +:itAnium ~re 
considered to be of economic inter~st. 

7) Personal communication with former SecrP-tary of Denartment of 
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Ocean De\elopcent, ~r. 3.Z. 0asi~ :_ ·aq~ 

Sudhakar r1aBai ~c:. ~ate~) states -h~: ~o~~:~s -- ~re~ ~f 
the Cen-cral -:~dian 3asin are ch~rac~-?~:::ed ~.,,, ~i~-~~ ··:-::'?e :-~tios 
(mean ~-T'), ::i~'.1 '.~i .... ,..,u content :::ean 11 :'er~"'!'::\ -:.pd 11i1<!': 
-:i.bundance f'.'.'.e~n "~ :-.;:l::2'. 

9) J.S. ~ronan and ~.A. ~oorbv: "~re ~r~de ~odu:es ~rem ~~e ~en:r~: 
~ndian Jcean~. :mperial ~olle~e. :onion. ~os2. 7 

-

a) Sudhakar r1?R?\ '~~- note 7
) s+~te~ L~~t "~~e ~ 0s~:L~ 'ndicate 

that ~~e no~u:e~ ~~~CT ~ilic 0cus ?e~i=o~:s ~nnraxi~~:~ ~he 
diagenetic end ~embers of ~he series, qs :escrire~ i~ ~he 
Pacific, and ~re si~1~ar in composition ~o ~he nor:~ ~auato~ial 
Pacific ore ~rade nodules. Silicecus ~edi~en-s -~ ·:~ uf~er ~he 
possible sites ~or ~irst genera~io~ ~i~in""· 

Sudhakar presents 
from two sedimen~ 
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: •7 I :-:-
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11 'lh II 14 
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10) PJrsonal ~0mmunication with Dr. ~-~· ~as1m in 1nR~. 

:i.odules 

C•iclfo:1cn1 

IJ.51 
f 14.831 

34.54 
125.281 

35.71 
128.Sil 

22.95 
123 l)IJ 

31 9.l 
I ll\ 5fJJ 

26 97 
127.951 

.1}()9 

1.15.71) 

14 58 
120.551 

-lR.O 
1tt9 44) 

11) .Jan Ma~ne ~~arkussen: "Polymetallic nodule t!eposi"':s in ";he !n11 .Lan 
Ocean", Newsletter no.2-1986, The Fridtjof Nansen Institute, pp. 
12-31 
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Purpose 

CHAP'l'ER 2 

~ INDIAN NODULE PROGRAMME 
STATUS ARD PROSPECTS 

~he aim of this ~hapter is to ~ive a brie: -"':3.lllation 'J! +"'.e s't~tus 

of the Indian nodul~ ~rogramme qnd the prcs~e~+s ~ar ~ccm~~~iql 

exploitation. "'h<:: aspects t1 eal t wit~ are h!=!.ci ~ro'.mri, -0_; 8.':' s 

situation, natives, +ime nerspective ~or ~o~~er~~~, ~x~~n~~~tion, 

organizational challen~es !=!.nd nossibilities ~or ~oonerq+i1~ ~ith 

other .~ountries. 

2.1 Status of the prograJDD1e 

Background 

~xploration :or nodule ~eposits in the r,entral ·~cti~n ~~sin starte1 

in earnest in 1q82. !ndia'd intRrest Por ~een ~eabP~ ~ino~qls date~ 

back, however, to th~ mid ~1s when ~eo!o~ica~ ~urgev 0! -niia fG~I' 

carried out the first preliminary studies. ·n 1 ~7°, ~ri~~tists ~ram 

National Institute of Oceano~raphy (NI0) ~nd ~~I nuhli~heri ~ 

comprehensive analysis of the metnl content of no~u1es ~n various 

parts of the I~dian Ocean, the co-variation of different rn8tals, 

rate of sedimentation, etc. 1). The analysis was mainly hased on 

data which the Indian scientists had received ~rom colle~rn1es 

abro~d. In the followin~ two years forei~n renorts wer~ ~l~o 

published, conclu~inP that the ~entral Tndian Basin nrohablv 

contained economic~llv interPsting nodule ~eno~it:s. mh 0 In~ian 

research vessel "Gi:iveshani" of NTO carrier! l'lut ':hP Pi rs+: :-;11cceAsful 

cruise for nolymet:~llic no~ules in 1Q81 in thP Ar~binn 8~~. 
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Jena.r+mer,t Of }en.an '.)evelonm<:n-1; (D0D' was set un :n -~Ul7 +-hi:> '.':ame 

vear ~nd DOD i~ consul:ation ...,.i-+;h ot.her ~rPanisat:ons i1~nti:i""d 

"exploratio~ of nolymetqllic nodules'' ~s ~ ~a~or thruR~ ~req ~). 

were several reasons :or +-ha•. 

western research institutions rea!ized rela-+::i~el7 °arlv ~h~+-

deposits in the ~larion-~lipperton area in the ?ar.i:i~ satis:ie~ 

requirements :or :irst-peneration ~rejects. ~xnloration ...,.ork was 

therefore concentrated to -+:his area. ~econ1ly, ~xploration 

activities based in -+:he Dnited ~tates hqve hetter ~ccess to ~he 

Pacific 0cean th~n to the Tndian 1cean. 

technolo15y and 

1oes not apply 

a hi.c;J.i. 1_e•1e~_ '1"° 

~or "lan:r n :· ~h'? 

~~anomic ~evelonment. 

Ocean. ~ore than hq:~ 0f the nations helonPin~ +-o ...,.hqt is cqlled 

the ~hird World are ~oun1 in this area. mhe World ~qnk 1e:ines 

31 of the 3~ natio~s in the reRion as devela~inR countr:""s ~). 

~oiay's situation 

'!'!'le ~xploratirrn nr0o:rammi::> \;a;; heen 181 hy ·;-::;. '.;'ive ~hir,s ';ave 

been 1rned - +-,wo ~nd i11n ·1essels "~aPar t.:::i.nya" 'lW1 ··1~w·~shani", .., 

chartered 1 Torwe~i?..r: vessel "'.-;kanti i ~ur·1eyor" A.nd ~wo ~hA.r~ereti 

British vessels. ~ost 0f ~he expl0rAtion qctivitie~ have heen 

carried out in +-,h~ ~entrql ~n~iqn ~asin. ~ome ~xnlnr~tion ~ark 

has ~lso heen 1one in the ~om~li Ba~in qnd ~h~ Arabian ~e~. 

8 



By the Summer of 1084 it was evident ·h~t -~di~ ~~d ~ucc0~ded in 

identifying commercially interesting nodule 1eposits i~ ~he 

Central Indian Basin. "Sagar Xanya" ~nd ?kan~i ?urvevor'' ~ave 

carried out the main work in this area. ~he work ~as included 

spot samplin~ by boomeran~ grabs; spot ~hotogrqohy of thp se~bed: 

single beam echo sounding :or bathymetry: ~nd ~ollection nf hul~ 

sampling by iredging :or metallurgical ~estin~. ~wo ~o~~~nies -

Engineers India Limited (EIL' qnd ~e+al!~rgic~l ~ ~1~~n~~~~na 

:onsultants 'India) Limited (MECON) - have also narticinated in 

the survey and ~xploration nhase. 

~o ~omprehensive research and development 0f:or~s ~ave ha~~ 

carried out so far on mining an~ transnortation )~ nodu~~~. 

India has, as ~entioned, ~eveloned and •est~d several ~e~hods 

for processing of nodules. ~ML-~amshe~r1 1r, 0RL-BhubRnesw~r, 

Hindustan Zink Limited (HZL) and Hindustan ~opper Limited rqct) 

have been involved in this work. ETL has identified five 

potential processing methods sugRested by these R&D centres: 

Method: 

Roast reduction ammoniac leach 

- ~O roast leach 

- Acid pressure leach without reductant 

- Ammonia ~O ~e~ch 

- Acid pretreatment leach - nressure :ea~~ 

(~~L) 

r~oL-~' 

India has not yet made any si~nificant study on ~he Pnvironmental 

aspect of deep seabed ~inin~ 4). 

India is, undoubtedly, well underw~y with ~hP, nodule pro~r~mme. 

A ~reat deal of further ~evel~pment ~nd t,esting rem~in, ~owP.ver, 

before commercial mining can commence (the technoloPi~al 

challenges facin~ India in deep seabed minf n~ qre ~escrih~~ in 
chapter)). 
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Supply considerations. 

Supply considerations is ~he ~ain ~otive ~or Tn~ia's involvement 
in •l.eep ,:;eabed minin~. 

Singh (1989) compares the projected cumulative w0r!d metal 

demands and the estimated global ~~nd resources. m~e ~ompqrison 

is nrcsented below (in million tonnes): 

'.'l!etal Cumulative Glot-al land Ra+, io of i:Yloh::tl 
demand up ~eso1lr~~s !"•"'SO:l r ceq to 
to ?010 fin situ) ~ur.m lat i VP 1emana 

Manganese 7i98 ~()0() ". o~ 

Cobalt 1. 7i 1. 5 1 • 1 5 

Nickel 29 5'1 1.86 

Copper 406 460 1 . 1 ' 

Singh concludes that "it is clear ~hat if ~ ~uit~hle ~actor is 

applied to convert in-situ resources to ~recovered values", the 

available resources will reach ~ ~rltical stage by (the vear) 

2010 unless additional resources are adde<l. up". 

Singh also evaluates possible ~ontribution from polymetallic 

nodules to projected Indian ~emands (cf. next na~e). (A nrojec+, 

with i:tn annual pro•illction of 7i mi 1.lion tonnes of nodules is 

consirlere<l.). A.ccordin~ f:o :1in~h's calculations, "cohalt 

production from q nodule project will he more than five times 

the likely annual consumption rate in the year ?010, while the 
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nickel production ~ill qlmost match ~he :n~i~n ~e~an~. n ~he 

case of copper, production will contribute ~nly ~bou~ 1~~ 0f the 

current production ~ram land resources. !mport of copper ~ill 

therefore have to contin~e even after it is ~rodu~P,rl ~ro~ ~he 

nodule" r:;). 

Metal Current ?:xpecte<l cons um pt: J!'l ... , i ~-= l~r ":"reduction 
Production rate in 2010 of "!.et;als "'rom 3 
(kilo tonnes) 'kilo tonnes) '!fTPA nod:1les plant 

'f.:i lo ~onnes) 

Cobalt 0.6 <: .... .. .._ 

Nickel '52. () .:0.6 

Copper 70 2135 J3 ...,r'"' ,. 
/ ""' . -, 

2.2 Prospects for commercial mining 

~ime perspective~ 

Generally it will take approximately q ~o 11 ~A~r~ ~ram ~he time ~ 

country or company completes preliminary ~estin~ of minin~, 

trans port and processing technology, •mt i 1 a total concPpt !rn.s been 

developed ready to be applied on a commercial scale. mhe +P,chnolo~y 

has first to be tested on a small scale, the deposits have to be 

explored in detail and the operation must be ninutely nlanned 
for optimal 11tilization 0f the equipment fl). 

Massachusetts Institute of Technology f 19~~) "ives ~ ~e~criotion of 
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Organizational challPnRP.S 

India has. RS mentioned. car"." ied out "l .;omo:-~he~s iv~ :xr:lo 1:ttion 

pro.gramr.ie; techno-economic ::lnalyses 1.::i.ve been :n!ide; ~r.d :n~ia J.ias 

progressed far in developing ~nd ~es~ing ~f ~ethods ~or no~ule 

processing. Until the present. ~c~ivities 1.ave heen ~t ~hP. 

research and report sta~e. ~ith the exception ,~~I~ !~i ~~~n~ 

therefore. ~hose involved in ~he !ndian ~odule 

have prim~rily been research institutes. 

India is now ~acing ~ ne~ ~ta~e ·1~ 

test mining and commercial minin~-

" ... ".; ~"' .. .. .:. .... : ·- ·- .· 

type of competence. and t:he:e wil:!. be~ need ':o ::iake on!~:1ization:-l.1. 

~h~nges. :t is of vital impor~ance ~o introduce orRaniz~~·ans ~ith 

prior ~xperience in plannin~ and execution of ~ajor nrojects. 

India's own in~ustr7 ~n·l ~~ippin~ 1u~h~ ':he:eforP. •o nl~v ~ RreRte: 

part in future aevelopme~ts nf ~he nrogra~rne. ~uture ~!~ns shoul~ 

use the experiences ~ained in thP. ,1peration of :'or instance ONGC. 

The research environments wi 11 re~a i_ n :il::;o in ""u t.i1re their ~entral 

position in the programme. Nev ~ctors will ~nter the ~ese~rch side 

as a result of the new orientation in the progr~mrn~ . ..,h~ ·;~:'ltr~l 

1e~hRnical Engineering Research !nstitute is ~n ins~~n~~ lf ~ ~ev 

institute now actively involved in the nroerarn~mP.. 

ThP. nod11l~ !1rOt5!"~'11"1-? >> ·~ '1'iti'1n~l proje~t. Tt; is 0f '!':lt'or~ance 

t;ha.t further developm1=mt 1f +:he projP.c~ "i.l'.. )~ ~n~r~cterized hy 

close cooperation between :ndia's :'\.uthorities, industry, ~hippin~ 

and research. The necessity has ~risen to found ~ ~ommission or 

entity to take care of the coordin~tin~ ~~apn"sihility 'or ~urther 
development. 

The ~reat challen~e vill :'low he to ror~~l~te ~l~::tr obje~tives for 

the project, in the short ::ts well :'\.S thP. l-)n~ ':~r'll, lP.~:_ 1 .. ".r1·~ 

n~~na ~o he P.mployed in order to ensure ~ul!illment of ~he 
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objec~ives, qnd ~stab!ish ~n ~ffect!ve or~ani~ation .~aoqh:~ 0f 

taking care of ~he coordinatin~ ~esponsibility ~or ~~e nroj~~t. 

Finally, 1-et •ts briefl•r -::onsider 4.-he !1ee'1 :'or, :iesir~bility 0f ~ni 

potential ~o•, ~00pe~~tion •ith other na+ions. 

Re: ~he need for ~ooper~t~0n 

The reason organi zat' Jns cooperate is to benefit :-~o'.11 ,~itu~: 

kno~ledge and ~ompF-?!1ce. ~he benefits derived will iepeni l•rRel7 

on three factors: - _ :nin~ ~ or.ganiz•t ion and coocer~t i ve O"lrtner. 

:::xploration :<:nd r!eveJopment of te".!hnolo,gy for ~xpl:iL ';~ti.rn J~ 1e~p 

seabed minera:s ~rP characterize~ hv ~r~at ':echnoloRicql 

challenges. ¥i~h 11 7~ars' Pxperience of n•+ters ~onc~rnin~ ieep 

seabed ~ining, I qm of ~he opinion ~hat no or,ganization or country 

can be 1~1C on itR 0wn in this !iel~. ~here is so ~o s~~ak no 

world champion in ':he .::iensP. +;h;\!; ·l. ,;ir.gle ~ompany or nai:ion leads 

in all areas. A~ we wi 11 see in ~11'lpter 1, iev~l•)!J'!l~n t.,, i.n this 

area are moving ln the ~irection of stP.a~ily ~nc~~asin~ 
international cooperation. 

Indi• has also ~ooperatP.·1 .ri':h "Jr~i...YI"! ~'.'.>11p~ni~::; '"~i ~oun+.ries in 

her nodule pro15ramme. '.ihen ":h~ '.1c.~·~,;,;i.~y ~~:> ·l.:-i.,>~-i, ~~ii:i 'las 

purchased foreign technolo~y and !-:now-how •1nd ~hg,r';~'."~l "Jrei~n 

~~ssels. !ndia has however at all :imes been in !ull ~ontrol of 

the ~ooperation. 1enerally speaking, !ndian ~uppliP.s have heen 

~iven prefer~nce when this has been pon~ihle. ~his oolicv has 

proved to be a wise one while the project has hPen under 
construction. 

In +.he next phase of the oroject too, Tn~ia will h~ 1Ppenden+. on 

competence Prom abroad. Whi~e Tndia has ~n P.X~ellent noint of 

departure in the area~ of exnlorntion and processin~, Rhe wil! hB 
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p~rtly 1e~endent rn rt~Pr ~ountries vhe~ ·

mining and transpor~. 

Re: Desirability of cooperation 

!n +his context it will ~e ~atur~l •o ~ssess •he ~esir~~ilitv o! 

increased :.nternational cooneration. ~n "haoter l •he "Ost •actor 

is employed as an qr~me!1t :'"or stron2er :nternat:.lm~1 ~::1!1~r;1.~i.·Vi. 

~!"o~rammes that ~re 'Purely national 4:end •o -:"l.ve -0 • -.~~:·HP.'.'lt: ":he 

wheel' and ~hus 'Prove verv ~ostly. 

However, the ~e-i'.'lventicn ~r the wheel ~s ~~t nec~ss~r:.:v ~ ba~ 

policy in every :~ase. ~he huilding up ;f t~sic ~onne~ence is 

essential if R cnuntry is ~t all times ~o ~nsure ~he ~aintenance of 

own national control of ~he ~roject. ~his ~tr~te~y ~~s 

successfully followerl by "rorway amon.gst :)thers in "Onnection with 

exploitation of ~ational petroleum ~nd aas reservPs. -~~i~ ~~s 

~ollow~:l >l. :~i'.'1:.1'3.r oolicy in that area. 

Re: Potential for cooper~tion 

~4~ny ~011ntries ·in 1 ~=l·1p;1.n i,.~:-; ;h''" ·~n ·t:!!":;:, · ·1 '; •·• •: • 

! · · ~:,' · ::. · ·1.~ :~. l; ~r ~ooperation with India in the "'!rea 0f ·1eep 

seabe1 ~inin~. ~h~ reasons •or this ~re several: 

::n P.ddition to the 0bvi01.lS f:\ct ~.hat ~ndia :~present:=; ~ !".l::trket, q 

number of ~ountri·~s "1nd ~ompanies would :i'..:~ +o "ruil~ '!P ""'mpeten~e 

in collaboration with _ndia. ~he ~ctual ex-cloi:~t:o~ 'J!". •• 

~ommereial scRle of ~ee~ ~eBbed minP:~lA will nrohably ~P~in ~n 

e~rnest around ~he vear ?005. Tndia has ~he notential of ~ein~ 

among the first countries to exploit the nodule ~eposits 

commercially. ~ountries ~nd companies collaboratin~ wit~ !ndia 

will therefore be able to develop competence ~hat ~ill nrovide ~ 

competitive ~dvanta~e when commercial production starts up in 
earnest. 
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Since India commenced its nodule program relatively ear~y, the 

country is in a situatior. •here it can pick ~nd choose ~etween 

possible collaborators. ~~is ou?.ht to enable the~ •o ~rocure ~ri~e 

technology at a favourable nrice. ~he situation woul1 have ~een 

ccmpletely ~if:erent should ~ndi~ ~~ve postponed ~o~menci~~ her 
project until ~fter pro1uction in the Pac~!:c ~a1 starte~. ~~ ~hat 

case the !ndians •ould prcbablv ~ave ~~~ to ~ay ~ ~uc~ ~i~her nrice 

than t~e ~ase is in the actual event. 

~he nodule pro~ramme will place :niia in ~he club of industrially 

advanced countries masterine r!een s~a technolopy, <!!.nd ~lsc give 

syner.get ic effects ~or other !nd ian programl!les invol ·!in2 ~dvanceti 

technolo~y. Indian companies will be in a nosition ~o benefit ~ro~ 

the spinoff ef:ects of ~he program. 

:;:ven though there may be disagreement as to the qctual scope of co

operation with foreign countries, I think that a majority of 

Indians will no doubt be of the opinion that such ~ cooper~tion 

will be wise as well as necessary. However, strong natior.al basic 

competence will be an essent1al precondition for ensurin~ that 

cooperation with other countries succeens. ~irnin~, organization 

and choice of collaboratir.2 partners will therefore be of ~ecisive 

importance. 
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CHAP'l'ER 3 

EXPLOITATION OP NODULE DEPOSITS 
TECBJfOLOGICAL CHAi.LERGES 

~his chapter describes the technolo~y to be employed for 

exploration, mining, transport and processing of nodule deposits. 

Importance will be placed on identi~ying critical ~actors and 

conditions, and jud~ing the need ~or im~roved 01 new technolo~y in 
the vari)US phases. Bnvironmental aspects will also be dealt with. 

An evaluation will also be given of the economics of deep seabed 

mining. 

3.1 TECBHOLOGICAL CHALLENGES 

Is the technology of today the technology of tomorrow? 

The basic technology for exploration, mining, transport qnd 

processing is known. Today's technological concepts for 

exploration, mining, transport and processing of deep s~abed 

minerals are a result of comprehensive research and development 

programmes. Today's technology has, however, two major 

characteristics: 

- Assumptions regarding reliability and efficiency of today's 

concepts of mining and processin~ 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 ~ining; not least they are 

a result of general research and development in ~ther fields. 

Todays's concepts show that seabed minin~ Pngineers ~ave known 

how to apply to their own area the Plernents 0: ~v~il~ble 
conventional technolcgy and know-how in the offshore oil sector, 

shipping and land-based metal production. ~he question arises: 

Have these engineers managed to free themsel~ss :ram 

conventional lines of thought and think afresh in orde~ to 

develop technology precisely fitted for the purpose? ~his 

represents the principal challenge for +he en~in6e:~ in the 

years to come. 

In the future, the focus will naturally be on improvement ~nd 

developmer.t of te~hnology for effective and reliable total systems. 

The driving forces behind this development ~ill be nrivatP. companies 

as well as governments. :mportantly, it is ~o lon~er only 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 tectnical development will be a result of the interplay 

between the traditional forces of 'Technology Push' and '~arket 

Pull', in that benefit will be derived :ram ~he ~enr-al 

technological ~evelopment and from 1evelonrnent narti~11l~rlv for ~eep 

seabed mining. ~he Market Pull part will of ~ourse increase in 

importance the nearer we approach commercial ~xploitation. In 

addition there are driving forces of a more socio-economic ~nd 

political nature, often known as 'Pull of 3ocie~y' factors 1). 

How far removed will tomorrow's technology he ~ram that of today? 

Even though the basic technology for exploration, Minin~, transport 

and processing is known, there is every reason to expect radical 

changes in many areas. For example, present explor~tion technology 

is both time-consuming and costly. Moreover, ~ny nation or company 
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which manages to develop environmentally ~cceptable ~nd ~ost

efficient concepts that result in greater inte2ration of ~he minin~ 

and processing system, thus makin~ at-sea orccessing possible, 

will make a breakthrough both in technolo2ical and in :inancial 
terms. 

Readers guide 

The next five sections of this chapter contain brief presentations 

of the technology to be employed ~or exploration, mining, transoort 

and processing of nodule deposits. ~he focus is on identifyin~ 

critical factors and condi+,ions, and ~ud~in~ t.he need for im~roved 

or new technology in the ;arious phases~). 

A "Work Breakdown Structure" (VBS} for a nodule mining project is 
presented in Appendix A, with the main phases split up into 
s~bphases. 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 Str~cture should be studied parallel 
with the text. 

Let us then turn to the nresentat.ion of technolo~y. 

Technological challenges - exploration. 

The selection of a mine-site for nortule m1n1ng 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 ~rade, soil 

characteristics, topography, etc. Hull mounted equipment is uRed to 

allow high speed surveying. ~he second phaoe - exploration - come~ 

prior to and during commercial operations. !n this ph~se, a second 
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round of seabed ~apping is conducted, ~hich :s ~i~i:~r •o. but more 

intensive than that of :he :irst phase. 

Prospecting (Pre-Survry) 

The prospecting phase consists of a programme 0: :esoui·~e ~ssessment 

in a large area of the ocean. ~he purpose :s ~o obtain ~n overview 

of the occurrence of polymetallic nodules, ~si~~ ~ ~i~i~u~ of 

expensive ship time. Here, continuous seismic nrofilin2 and echo 

sounding will provide stratigraphic and bathvmetric information, 

while "free-fall" type grab samnlers, fitted ~ith still ~arneras, 

will provide samples and photographs for statistical qnalyseR. Tn 

prospecting, the aim is to identify potential nine-site(sl of 

commercial quality~). 

Exploration (Detail-Survpy) 

The aim of the exploration phase is to map in detail ~he potential 

mine-site selected by the prospecting phase. For exploration, the 

vessel will be outfitted ~ith more specialized instruments and 

handling equipment. In &ddition to hull mounted instrumentation, q 

deep towed instrument carrying platform will be ~eployed ~o provide 

accllrate data of seabed topograhy and soil comr11si~ion. 

The further evaluation of the mining area includes: 

- Oceanographic ~nd environ~ental studies. 

- Detailed studies of ocean floor topography. 

- Variations in noJule coverage and composition. 

- Geological anc geotechnical investigations. 

Among the especially interesting conditions, r rnay ~ention: 

Re.: Ocean environment mapping. 

Special instruments are in use for meteorolo~ical anrl oceano

graphic Jata ~ollection: 

- current and wave records 
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- wave data buoys 

- weather stations 

- other equipment for hydrographic data collection, data 

transmission and real time monitoring and analysis of data. 

Re.: Seabed surveying and nodule sampling/investigation 

This phase entails, inter alia, deep towing of acoustical 

instrument packages and sediment sampling. ~he system will 

include both deep-towed side-scan sonar a~d sub-bottom 

profiler and box corer ~nd "free-fall" type ~rab samplers. 

Re.: Resource mapping 

Resource Mapping is carried out by towed high resolution 

side-scan sonars, towed rnultibeam echo sounde~s, seabed 

sampling and observation by ~V-camera from remotely operated 

vehicles. It is important to know P.t all times where the 

sensors are with respect to the surface vessel and with 

reference to ~eodetic coordinates. Hydro-acoustic systems are 

used to provide position reference of the subsea sensors during 

their op~ration, and to 1ocument the distance (altitude) above 

seabed and combine this with depth sensors. 

Re.: Sampling of sediments. 

Several types of devices can be used to obtain such 

samples: 

- ~rab :ype samplers. ~ree-fall ~r~b samplin~ ~as heen applied 

extensively t~ nodule exploration. 

- r,orers, 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 1ragged 

slowly across the sea floor. 

- Box corers are thin walled, bottomless metal boxes which are 

driven vertically into the sea floor. After nenetration, ~ 

heavy blade or spade rotates do~nwards, enclosing the bottom 

of the box. The box is raised ~nd the sample (core) 

retrieved. 
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These sampling methods allow for more !etailed investi~ation of 

the nodules and the soil characteristics of the ~ine-site. 

Special conditions related to the Central '.nrlian ~asin: 

Re.: Survey vessel equipment - satellite navigation. 

Both Omega and satellite navigation can he use~ ~~ ~~p ~entral 

Indian Basin today. ~he Omega system prevides continous 

coverage with an ~ccuracy of J,000 meters ~nd wi+.h n~ per cent 

repeatability. 

By using Transit satellite navi~ation the obtained qcc~racy 

will be within 200 meters and repeatability a~ ~er ~e~t. 

However, at these latitudes satellite nasses ~re !ess frequent 

than what is required to ensure sufficient :1pdatinP of survey 

positions. 

GPS satellite navigation will increase accuracy to less 

than 100 meters, but coverage is limited to 6 hours a ~ay. By 

using differential GPS, an accuracy within 10 meters can be 

obtained. Coverage will, however, still be ~ limitation. ~o 

obtain this accuracy we presuppose that landbqsed reference 

stations will be erected in the ~aldives qnd ~n ~he ~ha~os 

Archi?clago for linking signals. 

By the end of 1991/early 1992 the ~PS ~ystem will h~vP been 

developed to provide 24-hour coverage. ~his will ~e 

significant to the survey operation, unless the authorities 

decide to limit the use of the system 1ue to naval 

considerations. 

Re.: Seafloor transponder chain for positioning of deeptowed sensors 

Acoustic positioning and navigation of 11nderwater ~quipment is 

needed during all phases of deep-sea surveying - ~rom seafloor 

topography and resources mapping, throu~hout all asnects of the 

minin~ operation: 



- Deployment of seabed transponders to mark the actual area of 
interest 

- Survey vessel navigation in the area. 

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

A similar seabed naviga~ion chain will be ~equired when nilot 
mini1g 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 of deepsea mining equipment to surface. 
Re-entry of mining site. 

Location of "lost" mining equipment. 

Re.: Equipment for seafloor investi~ation. 

Designers of 

composition, 
of the soil. 

m1n1ng equipment will need data en seafloor soil 

especially with respect to the sheer strength 
The final design will depend largely on the 

geotechnical parameters of the seafloor soil. 

The future technology tor 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 :or deposits of deep seabed ~iner~ls. ~xrlo~ation for 

deep seabed minerals is both time-consumin~ ~nd ccstly, :ue to ~he 

need for a lot of equipment of many types. 

Next-generation technolo.g_v in this area will probably be 

characterized by a high ~egree of inte~ration ~nd wi+h ~~ny ~reas of 

utilization. 3y "high degree of integr~tion" ~s ~eant ~ultifunction 

equipment. When it comes to exploration of ~.?. ~odules, Lhe 

equipment should ~e capable of 1egisterin~ topography, iensity and 

metal content. "Many areas of utilization" ~eans ~hat it ¥ill be 

desirable to develop ~quipment well-suited ~or 0xplorin~ ~arious 

forms of deep-sea minerals. The equipment ~ight conceivably ~lso he 

used for exploration of shallow water deposits, :or other Jffshore 

purposes and to carry out measurement tasks :or ~nvironmental 

purposes. 

The Fridtjof Nansen Institute and the Norwegian comp2ny ~i~rad 

Subsea AS plan to carry out a feasibility study of the above 

mentioned "Next-Generation "Exploration Technology-Concept" in 1991. 

Technical feasibility, market potentiai and possibilities for 

international R&D cooperation will be analyzed. mh~ two 

organizations would welcome reactions from :ndia 1eP,arding possible 

cooperation 4). 

Technological challenges - mining 

Mining Concepts 

In principle there are three different types of ~inin~ ~ystems: 

Hydraulic and pneumatic mining systems. 

- Remote controlled mining shuttle system. 

- Continous line bucket system. 
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Re.: Hydraulic and pneumatic ~ining systems. 

Around 1980, three industry ~roups performed integ•ated tests of 

these systems in the Clarion-Clipperton area in the Pacific (cf. 

Chapter Pour). The systems were tested at water iepths around ~,000 

mete<s. ~he testing must be 1escribed ~s very successful. 

The m1n1ng of nodules with these systems will require steel pipes 

with a total length of approximately ~,000 m. The pipe must have a 

diameter of approximately 30 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, ~nd equipment for 

deployment and retrieval of the bottom unit and ~he pipestrin~. ~he 

mining vessel must be equipped with ~ ~ynamic positioning svstem, 

with side thrusters fore and aft. ~his system will receive position 

data from satellite navigation systems and acoustic reference 

systems fo1 ~teering the bottom unit. ~he 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. ~he nodules will then be washed 

and crushed before being fed into a buffer storage unit. ~his unit, 

combined with the uossibility of varying the velocity and 1irection 

of t,he bottom unit, will increase system ~fficiency. 

Re.: Remote controlled mining shuttle ~oncept. 

This system will be based on a set of mining shuttles in conti~uous 

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 liiscard 

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 :md tank 
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storage. Jurin~ :~is ~peration, ballas-i; ·£i 1::. ~e ··!"!!.dual::.·; -!umped in 

order :o adjust buoyancy. When the shuttle :s ::lled. =-~~~ining 

ballast ¥ill ~e ~ischarged, ~roviding ~~~~::ient ~aov~n~~ ~or ~he 

return to :he surface. :en to twenty .3hut~:es ~i:::. :n~:-~~e ~round ~ 

surface platform, which could be a 'lerv :ar~e ·500,~~0 ~o -10.~~0 

tonnes) vessel, open ~t ~he stern wi~h ~n :nternal ~arbour •o ~andle 

the shuttles. Vhen 3Ur~~cin.g, ~he shu~·:~s Yil: ~ 0 ~~~~~P!"ed by •wo 

smalle1· ships r1000 -::onnes), ·:sin.g :-e!!lo~.::.:--~:ntrc!.~-?~ ··n~i~!.es 

guiding :he snut"tles -:o :he ~other .3hi ~· .:..::e:- ·~nloa.ai!:.£ ::· :-todules, 

refueling and reloadin~ of ballast, •ne .3hu:~le •il: ~e ~~unched 

through a ~oon-pool. 

French organizations -:ade ~omprehensi .... e .~:~:i ies - .... · ~e ... hu ttle 

~inin~ ~oncept ~e-:•ee~ '?90 ~n1 •QQ' --· . .. - ... 0 ~ ...... ... 
':. .... . ... - ... . :~ ·~e · ~D-pericd, 

they ~oncluded that ~he ~oncept was ~ec~nic~l:7 ~easib!.e. ~ut not 

economically viable. :he ?:-ench pro~r~=me ~as -~ereaf~~r -eoriented 

to the pumpin~ system. ~he shuttle ~oncent :s :~terestin~, ~ it 

provides greater ~lexibility than ~he :~aditional pumpin~ concept, 

and should be regarded as a possible future generation system. 

The third concept - the continous :ine bucket system - :s cheap :n 

operation, but has ~xtre~ely ~ow ef~icier.cy. ~he ~yste~ :s not 

regarded as commercial~y interesting ~ir.ir.~ ~ystem. ~~e -hree 

different ~ining svste~s are illustrated ~~ ~iF~ro 

Figure 1 : 

Mining systems 

Pumping 

~LB 

- Shuttle Cl 
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Presentation of a mining syste~ ~or nolymetallic nodules. 

In this report, the !ocus •ill be on the ~ydraulic ~inin~ system 

with an annual producticn capacity of ~ ~illion tonnes of 1ry 

nodules. 

This mining system can be 1ivided into six subsectors: 

!he mining vessel, including navi~ation, control and 1ynamic 

positioning system. 

- Handling and stow~e equipment. 

Dredge pipe and botto~ hose, includin~ pu~ning system. 

- Bottom unit/collector. 

Acoustic reference and navi~ation 3ystem. 

- Ore !,andlin.g system. 

Re.: ~ining vessel. 

The mining vessel has a surface support function for the actual 

mining operation on the ocean floor. ~he vessel must be equipped 

with necessary equipment for handling of the bottom unit, navigation 

systems, a dynamic positioning system and support facilities for the 

crew. Buffer storage capacity for mined nodules may be 

incorporated, to enable continued ~ining when no transpor~ 

vessel is present and as ~ contingency against any 1elay in 

transport arrangements. ?inally the minin~ vessel nust be ~quipped 

with a system for transferrin~ nodules from ~he miner to transport 

vessels at sea. ~he types of ships ~uitable 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 nlatforms. 

Typical vessel characteristics would be: 

- LBP 240 meters 

Beam 44 " 

Hull tlepth 

Draft 
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- Loaded displacement 106,COO ~etric ':onnes 
Ca.-go dead·.1eight 76,000 " " 
". . .. 1n1ng equipment 1 1 , 2 JO ., 

" 
Light ship :iisplacement 10,300 " " 

- Shaft horsepower ?1 • 000 ,1iesel ~lectric 

- Sea speed 14 1':nots 

With an assumed annual production capacity ~~ ~ ~il::on -onnes of 

nodules, tw~ such vessels would be required. 

The mining vessels could, as mentioned, be ~onfigured :~ ~ manner 

similar to conventional deep-water oil 1rilling ships. ~he ships 

must provide space for the pipestring and pump ~ystem, and ~or the 

pipe handling system and +.he heave compensa~ion ~lat~orm. ~he 

vessels must have stora~e capacity, so that ~inin£ ~an rro~eed in 

the absence of the ore carriers, or if sea ~onditio!is ~rohibit 

transfer. A "moon-pool" of, e.g. 12 x 15 ~eters must ~e provided, 

as well as ~ccommodation fer ship and mining crew (gn persons). 

Main propulsion, as well as manoeuvring, mining, ballastina and 

ore transfer power will be supplied by multiple ~iesel-eneine 

driven high voltage AC ~enerators. Each mining ship will be 

equipped with dynamic positioning systecs, includin~ ':wo main 
propellers and thrusters fore qnd aft~). mhe ~avi~ati0n ~nd 

communication system will include satellite. :ryrocorunass, 
acoustic systems, etc. 

Re.: ~andling and stowage equipment. 

Handling and stowage equipment for the rninin~ equip~ent nn board the 

mining ship ~ill include a 25 ton, 20 m. outreach hridge on a 

pedestal crane for ~aunching and retrieval of ~he collector. Also 

included will be winches and racks for handling the hose used +,o 

connect the collector to the nred~e pipe, handlin~ in-line ~redge 

pumps, dredge pipe rack, pipe transfer system, upper qnrl 1-ower 

derrick, ~imbal platform, pipe lowering/lift nystem, ~nd ~he heave 
compensation system. 
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Re.: Dredge pipe, bottom hose and pumping system. 

The capability of the system to raise nodules iepends on various 

factors. ~he most important of ~hese are the :allowing: Upward 

velocity in the pipe must be sufficient to keep the nodules in 

motion. ~he volumetric concentration of nodules 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 seawater. 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 possibilities, drag 

values, and the limits of stress caused by all applied forces, 

including the mass of the pipe ~tself. In ~eneral, the 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 liftin~ systems nay be employ~d: the 

pneumatic system (air-lift) ~nn the hydraulic system (in-line 

pumps). Pipestring nesigns for the air-lift or in-line pump systems 

are broadly similar. In the case of the air-lift system, compressed 

air is fed down the pipestring through an attached ~ir 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 !or the pumps would result from the 

transport of uncrushed nodules, averaging ~-5 cm in diameter, and 

the impact of these on the pump blades. :n ~his respect, :he lowest 

and most inaccessible pump in the system would he •he one most 

affected. Nodules will, however, nrobably be washed ~nd crushed 

at the seabottom, thus :educing the wear :actor ~onsiderably. 

The other major problem qssociat~d with electrical ~umps is 

the ~lectrical control qnd switchin2 of ~he ~umns. 

One advantage of in-line pumps over ~he qir-lift svstem :s that 

the former system is considered to be ~t !east 10-~0% less energy 

intensive. Another major advantage is ~ha~ :ar ~reater ~ontrol 

can be attained over internal pipe !low, ~nd thereby ~ossibilities 

for reducing internal wear ~nd some of ~he ~ibration. 

Typical characteristics of the dredge ~ine ~ould re ~s ~ol~ows: 

- Length 

Size 

- Couplings 

- Material 

- Thickness 

- Pipe weight 

- Pipe weight with joints 

5,500 m. 
30.5 cm (12") inner diam. 

(constant) 

Clamp type 

High strength weldable steel 

12.7 :;im (1 /2"~ :11inimurn ·N'ith 

stepped increases 

~pprox. • ,045 metric ~onnes 

qpprox. •,~no ~etric ~onnes 

Each section of the pipe will have ~ length of ~pprox. ~o ~eters. 

The soft connection between the dredge pipe qnd the ~ollector is 

provided by an approx. ~~O m. long crush-resistant hieh ~ensile 

hose, with an inner diameter of 30.5 cm (1'-"). ~he hose is 

supported above +.he bottom by buoyant fairing, qnd provides a 

cable-way for the cables going to the collector. 

The pump system selected could consist of ~hree ~ulti-sta~e, rnotor

driven, mixed flow pumps, located in the upper two thirds of the 
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dredge pipestring. ~hey ~ust then be configured ~o pass through 
the dredge pipe handling system on the ~imbal platform. 

Re.: Bottom unit/collector. 

The collector unit must be designed for ~aximum efficiency in 

scooping up nodules ~ram the seabed. ~n order to mine nodules 

efficiently from the seabed, the collector unit should have the 
following capabilities: 

Collect a high percentage of the desirP.d size of nodules 
in a specified area. 

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

- Move along +.he seafloor with low drag. 

- Forward 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 collect repeatedly and retain 

nodules in a 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 production, at a corresponding relatively 
low cost. 

Numerous possible nesigns and design configurations have been 

suggested for the nodule collector. ~he choice of the optimal 

width of the dredge head may prove difficult. ~he width of the 

collector unit needs to be small, so as to ~arantee maximum pick-up 

contact with a possibly undulating seabed. This in turn dictates 

that forward pick-up velocity should be high, ~o 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 ~nd navitiation ~ystem. 

The sweep efficiency of the ~ining system, :.e. ~he share af the 

mining area covered by the collector, will ~ar~ely iepend on :he 

capabilities of the positioning system. Deflection of the 5,500 m 

long dredge pipe may be considerable, and position ~equirements 

could be fulfilled using a local acoustic ~eference syst~m on the 

seabed. This system is based on hydro-acoustic :nteraction between 

an array of transponders, with accurate position relative ~o each 

other on the seabed, and an interrogatin~ ~ransceiver unit. ~he 

operational range depends on accuracy, ~he ~~ansmission ~roperties 

of the sea, frequency, etc. 

During the m1n1ng operation, various underwater navi2ation ~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 pipeline 

connecting subsea equipment and surface vessel. 

- Measurement of pipeline vertical position ~nd 

inclination, using acoustic transponders qn1 ~~cli~~t:on 

sensors. Heading sensors may be required if rot~tion 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 handling ~quipment. 

An ore handling system is required for the nodules from the moment 

they appear on the surface and until they qre ~ransferred to the 
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ore tran~port ship. 

This arrangement will include ~ hose ~nd a pipe system ~o 

accommodate relative ~~ip/gimbal platform movement while 

transferring the slurry +,o ~ separator, :ram where ~he water is 

returned to the sea. mhe nodules ~ould then be 1eposited on a 

conveyor system, which would 1istribute theCT to +,he specially 

designed ship holds. For +,ransfer +,o the transport ship, the 

nodules are removed from the ship holds by reclaimers which deliver 

them to the atern of the mining ship, where they enter a slurry 

system, which transfers the nodules to the ore transpor+,er. 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, ~nd transported to the 

mining vessel, nodules must be shipped to the processing plant 
onshore. 

Because of the specific v,ravity of the nodules, which is close t,o 

2, the vessels for transporting the nodules from mine-site to 

the process plant onshore ~re simi~ar t.o ore carriers or bulk 

carriers. Ore carriers ~re deadwei~ht limited vessels, usually 

limited in size by the draft restriction of the nort 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 tranRport system requires careful 
logistic planning to determine the number, size and main 
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characteristics of the ships, and the amount cf ?tore ~aterials 

required at mine-site, in po~t and at the plant. 

The actual ship ~ype ~nd necessary equinment ~eeded :or ~~rgo 

handling can ~o some extent he regarded as standard well-known 

technology. However, special equir.ment necessary ~or ~t-sea 

transfer of nodules, navigation and instrumentation ~equi!'ed to keep 

the ships close together ~uring transfer ~ust ~e ~eveloned. 

Several methods :or transfer of nodules are ~ossible. mhe minin~ 

vessel may have no stora;je capacity, t;hus .. ~qui rt nl! ... he 'r"ermanent 

presence of a transport \'essel. ~he mining '!essel "'.lay have some 

storage capacity, qnd the trans~er operation May ~hen ~~ke place 

independently :ram ~inin~, at least over shor:.er ner~ods. ~~~nsfer 

rate must then never la~ behind the rate nf ~inin~. 

Fuel, water and supplies must also be transported :ram shore to the 
mining ship at site. 

Typical characteristics of transport ships would be: 

Length (B.P.) 230 meters 
Beam -z,7 II 

Depth 1 8.: II 

Draft 1 2. '7 II 

DWT r,7,000 ~etric -l:onnes 
Shaft horsepower 18,700 ~!P 

Speed (loaded) 14.3 i-':nots 
Crew ~2 persons 

Assuming an annual production capacity 0f 7 million tonnes of 

nodules, ~our such ships will be required, ~wo transport ~hips 
for each mining vessel. 
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Spacial conditions: 

Re.: Nodules Transport 

General ~ssumptions, uncertainties and input from oth~r ~reas have 
to be evaluated; 

- volumes 

- cargo consistency 
- operating conditions 
- weather statistics 
- significant wave height 

- wind 
- temp2rature 
- 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 nroblems. 

The approach must address the following func~ions, 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 t.he 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 be tweer: -:vai :::..:lbi l i ty -:nd ~·'?quired 

production capacity of :he mining system - ~he ~i~her ~he 

availability of the mining system, the ~mal:er its ~roduction 

capacity requirement. 

A unique feature of an ocean mining system is that it ~annot remain 

stationary during •ransfer. Necessary ?essel 2need ~dds ~ force to 

the transfer system which must be taken ir.:: ~cccunt ~urinR ~esi~n. 

The configuration between mining 7essel and •ne •1ansnor: vessel 

during transfer ~s an important input ~arameter ~Jr ~electing 

preferred and feasible ~ransfer systems. ~~e ~atrix below 

illustrates possible configurations and :ransfer ~ossibil:ties. 

The matrix defines ~he ~arious options ~ith -he ~ore 0 9asible 

options with an X. We see that a slurry •ransfer ~ode ~~n 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/transpcrt ship Transfer :node 

configuration in transfer. Slurry ?neumati: "'onve 1ror 

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 
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EXAMPLE AT SIDE BY SIDE :ONFIGURA TION DURING ~RANSFER AT SITE 

BIRD (Y£ Vl£\I 

SIDE V((\I 

Comments to the example: 

(/'\ 
l I 

Q 
I . 
I 

.. aa. 

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 
blackout 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 ~h~ !1ine-site 

together with time factor requirements/ccnsiderations ~ith respect 

to personnel transport to/from mine site, highli?ht the need to 

consider using an existing airport nearby. 

Technological challenges processing 

Nodules can be processed using either a pyrometallurgical or a 

hydrometallurgical extraction process, or ~ combination of the two. 

The processing plant must be located in ~n qrea ~ha~ ~an nrovide 

the necessary electrical power, manpower, ~ailway, 'oad qnd 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 ~vllows: 

- Ore marine terminal 

- Onshore transportation system 

- Processing plant 

- Waste disposal system 

During a first-generation project, nodule processin~ will take place 

on land, for environmental reasons. During later-~eneration 

projects_ however, it is qssumed that this process will he done 

partly or wholly at the ~ine-site, at sea. 
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Re.: Ore marine terminal. 

~he ore terminal will require a facility of approx. i,0.000 - 80.000 

sq.m. The facility will require an ~bundant water supply, !or USQ, 

as slurry medium for ~ransport of +.he nodule~. 

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. ~he port must be dredged to 

accommodate vessels up to 90,000 DW~. 

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, ~~d transport of waste material from 

processing plant to waste disposal site. 

~he port-to-plant slurry system will consist of land (a belt 

approximately 15 m. wide), a port pumping station, ~surface slurry 

pipeline and a slurry water return ~ine, with the necessary pumps. 

Seawater pumped from the ha~bour will be the slurry medium. 

The waste material transport system will resemble that for nodule 

transport. The particles transported, however, will be conside1ably 

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 hydrometallur~ical, or 

a combination of both. 

The two basic approaches have oany 1ariations, ~omplicatin~ ~he 

choice of process. Smelting processes 'pyr~met~l:!..urgical) present 

limited options. Solvent extraction processes, en the other hand, 

can be split into three differ~nt leachin£ ?recesses: sulphuric ~cid 

leaching, hypochloride acid leaching and a~monia leachir.2. ~he 

sulphuric acid leaching process is relatively expensive, ~s 

the solvent used cannot be recycled. 

Straightforward pyrcmetallurgical techniques render 0 xtraction 

of manganese easy, whereas hydrometallur~ical in ~eneral ~o not. 

Manganese would remain in the waste sludge, but it would be 

available there for processing at a later 1ate 7). 

Re.: Waste disposal system. 

The waste from the metal extraction process contains partly 

toxic material, and can therefore not be ~umped back into the 

sea. One alternative su~gested is that ~he waste ~e store1 in 

watertight ponds on shore. 

In order to separate most of the liquid ~rom t.he 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, ~ total of ?O large 

ponds, each measuring approx. 400,000 sq.m., will ~e required 

for waste storage. 
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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 cretres to the 
surface as slurry. The nodules will then be shipped to port and 

thence to the 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 oroblem 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. ~he 
processing technology of today, which involves smelting and/or 
adding chemicals, makes processing at sea impossible due to 
environmental considerations. ~here can be no ~oubt ~hat the nation 
or company which manages to de··elop environmentally acceptable and 

cost efficient concepts that result in ~reater inte~ration of the 
mining and processing system, and thus makes ~t-sea processin~ 
possible, will, as mentioned, breakthrough both technologically and 

economically. 

Technological challenges - special reports prepared for India. 

~he Fridtjof Nansen Institute published two reports in 1~89 dealing 
exclusively on technological challenges ~acing the Indian nodule 

program: 

Markussen, Lethe, Arvesen, FarAsengen, Storaas, Fuglum and 
RognsA: "Technological Challenges Facing the !ndian 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 ~odule 
deposits in the Central Indian Basin. 
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Vigerust: "Mining of Polymetallic Nodules in the Central Indian 

Basin - Technology and Reliability", The Pridtjof ~ansen 

Inst:tute, December 1989. 100 p. plus appendix. 

The aim of the report is to present a mining system for nodules 

based on state of the art technology and ~o identify components 

and external operational conditions ~hich will be ~ritical to 

the mining operation. ~he identification is ~ade ~Y computer 
simulation. 

These reports are available on request ~o ~ndian companies and 
organisations 8). 

43 



3-2 EllYIROIJill5llrAL ASPECTS 

Environmental consequences. 

The operations carried out in the exploration phase of the project 
will only to a small extent have negative environmental effects. 

Operation of machinery and ~enerators 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. ~one of these 
effects can, however, be characterized as si~nificant. 

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 proce9sing 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), hu~e metal deposits (the 
total cobalt :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 ~ave a sin~ular opportunity 

to incorporate preventive measures into developments, ~nd thus 
ten~er unnecessary the usual environmental firefiRhtin~ 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 ~he Sea Convention 
as well as to the respective national le~islation 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 minin~. I~ may Rlso be 
mentioned that the Fridtjof Nansens Institute is carrying out an 
environmental study for the United Nations. ~he 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 ECOIOllIC 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). !he 
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 ~ million tons of 

nodules, full production begins and runs for about 20-25 years) as 
indicated below: 

1 : Preparatory Prospecting 
and Exploration and 
Research and Development 
Total 

2: Mining 

3: Transpor·~ 

4: Ore Discharge Terminal 
5: Onshore Transportation 
,,.. 

Processing o: 
7: Waste Disposal 
8: Marine Support 

9: General and Administrative 
10: Continuing Preparations 

Total 
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Capital 
Costs 

Capitalized 

'30.00 

Capital 
Costs 

306.24 
200.88 

22.87 

36.65 
449 .10 

15.28 
1.80 

138.20 
.o 

1 '1 21 • 02 

Annual 
0perating 

Costs 

Expensed 

142.00 
172.00 

Annual 
Operating 

rests 

65.58 
22.20 

3 .19 
7.68 

99.60 
3.90 
4.88 
4.00 

6.00 

217.03 



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 regulatory assumptions to 
calculate the financial return of the project. mhe real-term, 

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. In the first place there 
is a world of difference between what is a paying proposition in the 
market and what might be profitable from a 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 (MassachusettA Institute of Techuology) 
from 1983, which is based on a model from 1978, is however still the 
most comprehensive. Many of the premises this model is based on have 
lost their currency. Let me give some examples of conditions that 
have changed in later years: 

- A heavy state subeidization of exploration and technological 
development has taken place in Europe and Asia since 1981. 
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 for several of the nodule metals has shown a 
marked improvement in 1988-1989. The avera~e 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 ma~ket analysts expect the 0il price to 
increase to its traditional levels. A lower oil price will of 

course have consequences for the costs of rleep 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 French model is 1.5 
million tonnes of dry nodules. Total investment cost amount to 040 

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. ~he investment pay-off 
period will be 6 years from the moment production has reached full 

capacity (Information given by GEMONOD to Markussen in Au.gust 1989). 

The new French model seems very interesting. ~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. 
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Rotes - 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, 
Farlsengen, Storaas, Fuglum and Rognsaa: "Technological 
Challenges Facing ~he Indian Nodule Programme", The Fridtjof 
Nansen Institute, !V!ay 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. Next, a medium grid search is ma~e, 
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 )00 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 ~t 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 
signed 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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along a pre-determined course at a specified speed, whilst the 
collector unit traverses the mineral-rich area on ~he seabed. 
As mining operations progress over an extended period 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 a 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 ~hich the ~essel sails 
accurately along a course and at a speed selected hy the 
DP operator. The autotrack mode is the vessel control mode 
required for mining operations. 

A complete DP system from Simrad Albatross ~or deep seabed 
mining operations is presented in Markussen, :Tielsen, Hansen and 
Arvesen: "Indian Nodule Mining - 'lorweeian '!.'echnolo2y, Products 
and Services", ~he Pridtjof Nansen Institute, 1gs6, )45 pp. 
Simrad Albatross AS, a company in the ~orwegian Simrad Group, 
has a 80-90~ share worldwide of the market :or ~vnamic 
Positioning Systems and Position Mooring Systems. 

6) The Norwegi~n 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). 

7) The pyrometallurgical process for extraction of nickel, cobalt, 
copper and man~anese, developed by the Norwegian company F.lkem 
AS, can be described like this: 

The process starts with drying and prereduction with coal in 
a rotary kiln. ~he preheated and prereduced ~ix is charged 
into an electric smelting furnace. From the furnace, a slag 
containing all the manganese, and a metal containing copper, 
nickel, cobalt ~nd iron can be tapped. ~rom the manganese-rich 
slag, silicomanganese and or ferromanganese can be produced in a 
submerged arc furnace. ~he metal can be oxidized to :emove iron 
in a slag, thus leaving a metal containing mainly copper, nickel 
and cobalt. From this final metal, copper, nickel and cobalt ~an 
be extracted along 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 to remove alkalies 
and chlorides. 
Intermediate storage before drying of riodules ~nd 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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Direct feeding from discharge bin of the preheated charge 
to an Elkem furnace of the closed type for nroduction 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 production 
of silicomanganese (SiMn) and slag to be discarded. 

8) The reports may be ordered from: 

Ocean Mining Programme 
The Fridtjof Nansen Institute 
P.O. Box 326 
N-1324 Lysaker, Norway 

Telephone 47 2 53 89 12 
Telefax 47 2 12 50 47 
Telex 79 965 nanse n 

9) The study of "Environmental Consequences of Deep-Sea ~ining -
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 ~ives an assessment of ~he 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 ~ew 
legislation is presented. 

~he 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 ~eep 
seabed minerals. The main target ~roups 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. 

10) Nyhart ~t 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 
Institute in 1982: ~nund Haktorson: "Commercial ~xploitation of 
Manganese Nodules - Costs, Revenues, Profitabil.ity and Risks", 
The Fridtjof Nansen Institute, June 1982, 152 pp. 
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CHAPTER 4: 

THE IRDI.Alf RODULE PROGRAIUO IR AR IHERRATIORAL PERSPECTIVE 
- PROSPECTS POR COIUIERCIAL EXPLOITATIOI. 

Purpose. 

The aim of this final chapter is to place India's plans for 

commercial exploitation of nodule deposits :n the Sentral Indian 

Basin in an international context. National programmes in Asia, 

Europe and North America will be presented and assessed. :n 
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 or~anized ~nd 

financed, of the individual countries' motives for involvement, 

and of plans for commercial exploitation. ~he main purpos~ of 

the chapter is thus to assess the prospects for commercial 

exploitation of polymetallic nodules in general. We ~hall 

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 or~anized? 

Preconditions 

Commercial exploitation of nodules will depend on +.he 

interp!ay between economic, political, technical, le~al ~nd 

environmental factors. These factors will therefore be r~~arde~ 

as interdependent. I will also disti~guish 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, financin~ and or~anization 1). 
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4. 1 • DBBP SEABED IUIIKG PROll THE llID -70s UITIL THE PRESDT: 

DETBLOPKEIT TUBDS. 

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. ~hree separate ueriods can be 

distinguished: 

1973-76 to 1980-81: Private comnanies with nrofit motives. 

The first period commencing with the formation of the industrial 

groups and bringing us to 1980-81, is characterized by private 

industry's high expectation for profit, ~nd investing in 1eep seabed 

mining. Expectatio.1s as to profitability were considerable at the 

time the companies were formed. The publication in the early 70s of 

reports giving an exaggerated :~pression of the scope of the 

resources, while underestimating the technological anc economic 

aspects, was partly to blame for this. Each of the four industrial 

groups invested between 100 and 250 million ~ol!ars in exploration 

and development of technology for mining, transport ~nd processin~ 
2). 

1980-81: New actors enter the arena. 

Around 1980 the four consortia ~rastically reduced the scale of 

their development programmes. At that time ~etal prices were very 

low as a result of the decline in growth of the world economy. !n 

addition, the consortia were ~lso thoroughly dissatisfied with 

developments in the UN Law of the Sea negotiations. 

In my view, economic considerations carried far ~ore weight than 

political ones in deter~ining 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 :o year ~erspective, it 

would not be unreasonable to assume that nationa: :egislation would 

have been passed to enable such development. 

1981 - to date: State programmes ~ith :ong-term supply ~otives. 

Nations and governments with not only ~he •i~l but ~lso :he ~bility 

to think in a long-term perspective, and with either supply and/or 

political motives behind their engagement, were the new ~ype of 

actors that came on stage around 1981. ~ince ~hen, state ~rogrammes 

have dominated developments in this field. 

Prance, !ndia, Japan and the Soviet Union :aunched ~omprehensive 

exploration and development programs around •ae1. ~hina ~nd South 

Korea followed some years later; they ~ave :arried 0ut ~reliminary 

exploration and techno-economic analyses. In additi~~. :he Federal 

Republic of Germany has its own research and development programme, 

and Norwegian and Finnish industry have also initiated 

R&D-programmes. 

Pour pronounced trends 

If we look at developments from the time industry Rrouns ~ere formed 

and up to the presen:, we can observe some ~renounced :rends: 

Geographically: Europe and Asia have increased their :nvolve

ment, while the level of activity in North America ~as declined 

drastically. 

Organizationally: In active countries ~here is ~ften cooperation 

at the national level among the research community, :ndustry 

and government authorities. 

Ideologically: As to the question of private ~onsortia versus 

state programmes, there are different motives !or involvement 
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and different attitudes towards state subsidization. 

North-South: Some developing countries have a stronger position 

than perhaps could be expected. ~or instance, who vould have 

believed in 1982 that India would turn out to be the !i~s: 

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

~he ultimate question is, of course, whether these trends will 

endure and even intensify in the !uture. Will for instance 

government-organized and ~overnment-funded projects dominate the 

commercial exploitation of nodule 1eposits? ~o ~nswer ~his, we shall 

have to examine the various ~roups and try to predict probable 
developments within each one. 
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4.2. POSSIBLE DEYXLOPllEllTS VITHIII TllB VARIOUS GROUPS OP ACTORS 

Groups o~ actors 

For the purposes of this analysis, we distinguish between these 

three groups of actors or participants: 

- Developing countries and the United Nations 

~hree subgroups: 

- The "superpowers" of the ~hird World: !ndia ~nd ~hina. 

- Other developing countries. 

- ~he rynited Nations. 

National programmes in industrialized ~ountries 

- Private companies 

Three subgroups: 

- Internationally composed industrial groups. 

- Active participation in national programmes. 

- Independent suppliers to national pro~rammes. 

Possible developments within the respective groups 

Re.: DevelOfi~~ countries and the United Na~ions 

India has carried out a comprehensive exploration proP,rarnme in the 

Central Indian Basin. Techno-economic feasiblity ~nalyses have been 

made; and India has also progressed far in ~evelopin~ and testir.~ 

methods for nodule processing. India is now, ~s mentioned in ~hapter 

two, facing a new stage of development - preparations for test 
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mining and commercial exploitation of the deposits. ~ome 

re-organization is therefore likely to take place, in~~lving for 

instance greater participation of Indian industry and shipping in 

future programme develop~ent. Supply considerations underlie 

India's involvement here. 

China has conducted initial exploration in the Pacific Ocean and ~as 

carried out preliminary techno-economic ~nalyses. ~hina oay weli 

become increasingly involved in the coming years. mhere is for 

example reason to expect that China will apply for a ~ine 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 ~atch !ndia's claims. 

India and China are undoubtedly the superpowers of the ~hird 

World. For both of them deepsea engagement will be a part of 

their high tech drive to avoid missing the industrial revolution 

for the second time. What then about the other develooing 

countries? 

The great majority of developing countries have no reali3tic 

possibilities of participating independently in 1eep seabed minin~. 

Any participation will have to be throu~h the UN, ~nd ~stablishin~ 

of the Enterprise :1nder the UN ~onvention on the 1aw 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. ~he Enterprise ought rather in my 

op1n1on 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 become involve~ in 

this area 4). 
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Re.: National programmes in industrialized countries 

Long-term supply se~urity is a main motive behind the various 

governments' involvement in deep seabed ~inin~. ~oreover. 

exploitation of deep seabed minerals can represent an important 

growth area for industry, shipping and research in these countries. 

By financing exploration and development o! technology the 

respective governments ~re helping companies ~o build uo competence. 

There is reason to believe that government involvement in Europe as 

well as Asia in deep seabed mining will be sustai~ed ~ntil 

commerc~alization of the projects takes place. ~owever, ~overnments 

are also likely to encourage stronger involvement :rom the private 

sector in for instance :inancing. 

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 ~orea 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 woulrl undoubtedly have been lower if 

cooperation had been arranged from the outset. 

It is primarily countries in ~urope ~nd Asia that ~ave initiated 

national deep-sea mining programmes since 1981. ~he United ~tates 

has been somewhat passive - except for the exploration 0f 

polymetallic crust aeposits off Hawaii and sulphide resources off 

the US West Coast, :or several reasons. In the USA, private 

enterprise predominates while Europe and Asia have ~raditions 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 1: the international induotrial P.roups. 

The f0ur internationally composed industrial ~roups ~dopted, ~s 

mentioned, a non-commital or "wait and see" attitude in 1980-81. 

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 overlappin~ claims in the 

Clarion-Clipperton area in the Pacific has been settled and mine 

sites have been allocated to the ~roups 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 19go, 

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 nrices will 

stabili?.~ 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 ~t a level that ~ould allow 

mining companies an acceptable return on lnvestment, there is reason 

to expect a reactivation of the industrial groups. ~his was 

confirmed by the leader of one of the ~rouns fnersonal 

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 ~our 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. ~nd 

Mitsui Engineering and Shipbuilding Co. Ltd. have been responsible 

for further development and testing of the Japanese minin~ concept. 

In India there will probably be increasing company involvement in 

the deepsea project, ~hile French industry is active in France's 

national programme. 

Typical of the private companies participating in the Japanese and 

French deepsea projects is that deve:opment of technology and 

competence is nearly 100% ~overnment funded. The French have 

invested more than 700 million francs in their pro~ramme 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" 0f the projects :"rom the companies viewpoint. 

Private companies group ~: 

Independent suppliers to national programmes 

Norwegian companies have supplied equipment and services to India, 

France and the United States 6). Finnish companies have carried out 

consultancy work and development of technology in deep seabed mining 

for the Soviet Gnion. 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 POR COMMERCIAL EXPLOITATION OP NODULE DEPOSITS 

Tiae perspectives 

Commercially interesting nodule deposits have been identi:ied i~ 

the Central Indian Basin and in the Clarion-Clipperton area of ~he 

Pacific. While the nodule deposits in the Central Indian 3asin are 

sufficient for one - or maximum two - first ~eneration commercial 

projects, the Clarion-Clipperton area contains enou2h nodules :or at 

least ten full-scale projects. The aim of :his section :s ~o look at 

the time perspectives for commercial exploitation of the nodule 

deposits in the Clarion-Clipperton area of :he ~acific. 

Three countries (France, Japan, the Soviet Tfnion) ~nd ~our 

international industry groups registered in the United States 

(Ocean Minerals Company, Ocean Management Incorporated, Ocean Mining 

Associates and Kennecott Consortium) have been ~ranted 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 

3Xpected that China - and possibly also South Korea - will apply :or 

mine sites in thiE area within the next two years. 

Japan has formulated plans for test minin~. ~he intention is to 

carry out preliminary testing of mining technolo~y in the Clarion 

Clipperton area around 1995, at which time .Tapan will decide on the 

further schedule for the project. 

There have been 1iscussions for some time now between Japan, France 

and West Germany on ~ possible cooperation in deep sea mining. This 

might well lead to a 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 prim~rily 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 ~ 

reactivation of the industry groups. They could then also be 

interested in joining a nossible cooperation project. 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 cooperetion. 

The next five years may prove highly interesting. Test mining will 

take place. Private companies could take a renewed interest in this 

sector beca~se 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 coopP.r~tion: 

- Purely national initiatives ~ean 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 exploration ~nd ~echnological 

developments undertaken by the international ~rouns were 

characterized by cooperation between American, ~uropean and 

Japanese companies. 

Political and Legal Aspects. 

Summing up, I believe there are ~ood possibilities that the next 

five years will be marked by great changes ~ithin :he :ield 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 challen~es, esneciallv within two 

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 t.he ieen se~ ~inerals. In 

my view, an initiative should be taken to ~et these countries 

to enter into the cooperation on ocean law again, qnd thereby 

create the foundatian for a commonly accepted Convention on 

the law of the sea. 
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Rotes - Chapter 4: 

1) This chapter is based on a forthcoming book by Jan Magne 
Markusser1: "Pf'llymetallic Nodules - Prospects for Commercial 
Exploitation" (to be published in 1991 ). 

2) 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, Europe 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. 

Each 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 Cla.rion 
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 l'Etude et la Recherche des 
Nodules). · 

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

3) 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 
alternativ0 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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The Enterprise could then at a later date decide ~hether to 
commence its own production or continue to collaborate with 
others. If the Enterprise should want to RO ahead on :ts own, 
the parallel system of the UN Convention on the Law of the Sea 
will secure excellent mine sites for the ~nterprise. One method 
of achieving this initial collaboration could be for the 
Enterprise to buy shares tn 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. ~his would 
naturally necessitate some alterations in the text of the 
convention. 

4) This is not likely to materialize during :irst-~eneration 
projects, for financial and technical reasons. qowever, for 
later-generation projects this may prove a ~ossible ~lternative. 
It is for instance conceivable that the :OMAC-cooper~tion may be 
developed in that direction. IOMAC (!~1ia~ Ocean ~arine Affairs 
Conference) is a regional collaboration between countries in and 
around tte Indian Ocean, with its secretariat in Colombo, Sri 
Lanka. 

5) 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 co~per of 95 
cents per lb in 1990, 24~ down from the expected 1Q~q average. 
Nickel is expected to be under $4 per lb, a~ainst :S6 per lb this 
year. 

The copper surplus will allow some ~ebuilding of severely 
depleted stocks. The Report also points out that at 05 
cents/lb "most producers will still find copper production a 
highly profitable business". 

The vulnerability of the nickel oarket ~o its nependence on 
stainless steel is likely to show next year, accordin~ 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 a~d 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 30 Norwegian companies and organizations have joined forces 
to offer products and services for exploration, mining, 
transport and processing. ~he Norwegian group was also joined by 
Swedish companies and organizations in January 1988. (Cf. Lars 
Lathe, Ed.: "Deep Seabed Mining - Norway and Sweden - 1988 
Competence Report", Fridtjof Nansen Institute, August 1988, 
244 pp.) 
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APPDDIX 

YORI: BREllDOVII 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", Fridtjof Nansen Institute, Oslo 
1 989, 1 92 pp. 
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