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'ONE of the ‘well-debated issues i in

. the world today are the ways in
 which the mineral resources of the
~ -oceans, after two-thres decades; are

3omg to  supploment the np:dly‘

wmdlmg rosources of the land. At
" time passes, i€is becommgmmngly
olear’ that the alternite sources of
~glmost ali° resources, both livmg and

" pon-living, ‘'will largely 'come from
the sea.  Thic developed: countries of
thc ‘world-had, several decades ago,

{started their’ quost for -resources by

uniennkmg ‘oceanographic explor- -

“tion.  of “the - seas. - bordering their
.. countries,- Today substdntive quanti-
" tles of -oil, natural gas, sand, lime-
. stones: heavy mineals,
tash ave being. recovcred from the'
go roftheoceans T

In 1971, 18 pcr cont of oxl (439‘

milhon tonnw) and 12 per cent of gas

_ /(167 billion cubic metres) of the total -
world pxoduct:on came’ from ‘the .

oceans. More recent: ﬁsurw.although_
‘ot yet’ fully wnblished, are indeed:
. far-more. improssive,. U, Unlike the oil
and natural gas, Which havo a high

-_price por unit volume and which arc” "1
‘not 80, umformly dnstnbuted either.
onJan g or inthe sea, ‘the .motaltic
T ~prigedand ace found - -
'va Yin quanu ios- 'hroushoutthe=~-’ ‘
LA . their : world-wide

sulphur, :

e Oﬂt

";sm nw ’kzchRCt:s S
'.'muty of

dxstnbution ths forecast puts an over-

. alllimit to many-of thess minerais ¢
Iand. To meet the future neods of-

pecially copper,
nickel and cobalt, even deeper rogions .

- of the oceans (3000 to. 3000 m), located -
thousands of kilometres away. from -

scarce minerals -¢s

the land- m_ag, are boin( nmencively

: explomd

‘Soms of : the ugmﬁcant mineral

rosources of the oceans, their methods -

. sand aud gravei ca!cimn carbom 4
hesvy. minerais, such. as’ gold,
1iouds, un, monazite, phosphgn,a
10, spbsurface resources of oil, g
aulpkur coal, potash etc, Ah!xou
-this article gives much emphasis ’ ¢
‘the resources of the sea bed, we mi
not-forget that the 330 million cul:! :
| miles:‘of soa. ‘wpter in-itself is 3
-enommu ~spures . of dissoly. i
= eloments.. From the soa water sor
of the 'substances such as. comm: -

of oxploitation, the overell effeét of  salt, magnesium, calcium and pok

their minin ﬁomthcmnrimmviron
‘ment havogboen described in th:s

" artiole. The unpomw of this.

of approach can be judged from

fact that India has no- less than 2~f

million" sq. km withip 'its exclusive

" economic Zone of which 4,350,000

sq. km constitutos !he conf
ahelf (an l)

A cross- sectlon ngon in Fig. 2

timtal.

"shows the morphological feawbr:; of
A’ systematic admw»udy of the .

~vast’ 8 ntbemzm"d'.’?
vas rcgiom at prese. o h;;

thecoastup!othc

veua R ’L.! &vunﬂ (Fig. 3)

‘rha oA bnd co_ iins 8

sium componndl are. being comny.
ciluy extramd L

Precmmmemuike gold,ulm
cwahoprmntinmmmbm ?
aro in ‘extremiely ‘small: ‘quantiti -
QGold, . forexamplz,omnat{I
averags concentration of 0
. gramus per tonand cannot
oconomleally atprauut

‘. Buildlsg nistetial:

3.
¢
x

and limestone forny‘the: bﬁkbone 0
4..constmcuon work mﬂm‘ du E ;

_iniooral resouross ranging from besch. -




e mn,

S . UMONS U03q 05|% ey puvjaTem oy Eﬂu Wif] G0z Fymoucyy Siu-g 02 iﬂ. .!3? :
S ..,..88 _Vao vaa nmo.: BT .cc ..:—o_w v:a u—oan 3:0.&«.50 ...5 3-5.2: Ju_.?a q:xu- ue 5&..35 -ucnoﬁonoo u5 uEBeau An—a




SoKkm. 0 0dKm. . 200Km.
' - _Crb’.im _section -ghbw)ing'(eombibblq features from: the coast up to deep s}eg_',f:' o

A -

L T dear e g ,WVW“ A" \aahd [t 2
N R N SN S i T AP
. Do S :

§
f
FIG.3 - e ESE
i
;

e . Gooy encinvestiantions.

. -~




nental shelf of Indna.

mmcrals in the shelf reglons of

fhisse d—*ms:tsms ch th:&t rc:oun.)s -
‘mrn waka apd h»r". a

‘  readily ‘availablé for caastruction
+.:pajes as and -whsn -needed in the
Care Pres :pxtatedcﬂc«um ¢arbonatc
) tabic for.ths. chamical industry pos~d - of calcium phosphate ang can
~ur in th form of Oids (Fig: 4). be utilized as an important raw
%53 cover anarca of about 50,050  materist for the manufacture of agri-
<are kilomotre  on the sheif off  culture fertiliser. Phosphortte is
nbzy _ ) formed as a result of precipitation of
v O phosphate from sea water and is
!lnvy mm'mls: ;T 1350, mm.°rals deposited in the form of nodules,
e a spasific: gra.vuy greater than  slabs, coating“on sand grains.or as
v Th-*h.xvy mincral dzposits of  rock: f;agmanu -Large areas of the
¥ -ata (monazite, and ilm:nite) and~  ocean floor are coversd with phos-
;ssa (1lm~nx:c) oz¢ur..as bsach  phorites-and an ‘estimated 300 billion
.crs - These dcpasus have been  tonnes are found on the contineatal
Lywn !‘or a long time and are of . shelves of the-world. Their. qucurr-

Phesphorite :

snaamblc" atue- . Extensions “of  erice - ‘usually~ coincides “with. such’
'quztecommoniy ‘Tegions: where: _upwenmg of oceanic

’wd

-af the’ connnontal watcr occurs

'/

Wc!l-known arms of substaqual

me such depos:t whac!x has deposns of -phosphorite are off* South

ntly | beeas ,xdenn’wd by the Africa, north-west: Africa, east and

Uiopal; Institute: of Ocxadography - ~west:: coast - of." North and  South
: Dhisthe éx theiloionite - Anierica, MPhosphanw 48'8 poineral,
~sh:placer “info ‘the. deeper waters - particularly valvabloto’ India bm,u..e
;‘.‘n varicus bays along-the coast of “a, large part of -its roquxromcms B

L Tbe geological exploration - met- at’ present
‘ceper. aters of tho contisiontal -
1 (6210109 mvicos) i

Hhroujk imports. -
;Dcpasns -of *offshore: phosphate. are
being: ncuve!y;wcpfoted‘ gy ‘NIO,

icilarly off e, wwtco toflndm

Tt is mamly com-

. 7 Omds (chemgca!!v prccipﬂa!ed ca!c!um carhonate) -from the westeru contn.

~

: wmch is- wcll~kn wn as a region of

", Hp\a

iungarese  modules: These
nodules  are composed largely of .

‘mangancse, copper, nickel and cobalt. -
Much of the interest on manganeso

nodules in rccent years has been due

to . their copper, nickel; and cobalt
“content which are in short. supply in
. the world. The nodules are found in

deeper. regions of the oceanat. ths

of 3,600 to 6,000 metres. - Like p

: phomcs. thcy are formed.as a result 4

of" precipitation from sea water-and

~their occurrence in the- nodular form -
.is most common in the sea; atthough
. slabs and coating of thesc are tlso
“_f‘ound on tha scabed R

At the. sna. bottom, :the nodu!es B

. continusto grow but very.very slowly. -
_at-the.rate.of 2 10’8 mm per million
‘years.» Of all the: lhrec Major oceans, -

: the Pacific Ocean is kniown 10°'be the”
- Fichest” aonreo of nodules -and ‘this

“ovegiy dlone hay - lmn estimaged-to
So0taid” 8 much “as 1,600, bxl!xbh‘,’-'_
tontm: aof nangan*wtnodulcs -

A typxcat uodulo l’rom *':sc Pmﬁc : '
xacompos of My I3to309¢* mr .




by welgb.t Co 2000 to 7000 ppm
Ca; 700:to- 19000 ppm, Ni 1200 to

- 12500 pp{n. Though potentially very =

‘attmactive’ in view of the avmlabmty
of uoqmcs in very large quantities,
sherc is"nlarge vaviation .in ‘their
- dénsity in the sca, i weight- of
-\odmc _por’ unit ‘area - of ‘the’ ocean

Explorauon cost of’ oxl in. tho sed
is less than that-on tand but drilling

cost in oifshore areas is much. tighei.

" Thus-the total development of - an :
.. offghore well may cost as much as'3

foor. 'There is also a wide variation -

in ‘the chemical composition of the
- nodLl i‘rom one rcgton tothc other

Thc«e fe wturce make the commcrcnal '

: cxplm(atmn of ‘vodules a” somewhat
risky venture. Added to these are the
‘constraints of unsolved problem: of
owncrath ‘of these deposits as thcy

are found far outside the economlc
zone of most countnes B

Thc la;rgc ouurrcnw of thcse
polymetallic nodules in-the Central

Tndian Ocean, is of much interest to -

Iﬁd'a on.a long-term basis. In com-
. position, the Indian .Qcean nodules
© ase’ similar 10 those of the Pacific
© equatorial nodules. _In vicw of this,
" an oxténsivé programme of nodule
exploration "is . prescatly:, bcmg f'or-
mul:ucd by NIO

’ Petroleum In many’ ways oil
and natural gas form the most specta-
+ eular mineral wealth of the sea.
However,  highly SOplustmted
- enpgingering technology and vast sums
- of money arc required far the re-
cavery of petreieum : rom the ofishore
- Byeas. The prevailing - regional
" imbalance in- the location of major
-’oil -fields (the: giant oil. fields -are
mo‘;tl Y tocated in West Asia, South
America and the USSR), and'an ever-
. dincreasing. rawe ‘of consumption of
*-oiland gas in the world, have resulted

~ inaconcerted effort by many nations, .

- including India to scarch for oil and
sgs m: decpera.reas of the sca. * As the
pth of water increases, the marine
~enviroument becomes mora and more
hosulc for the cxplonauon of thcac
rcsourocs D

In 1976-77 about 160 offshore_ .

wclls were drilled in ‘the world at
water depths greater than 200 metres.
~In:1977-78, the revord of, water-depth

~foridrilling was 456 ‘mietres. . This . - o

‘avas_increased - to. 600 metres by the

~use.of spmi-submersible rigs. -

With.

;i the discovery of Bombay High'ahd

- Basgsein oif fields, apromlsmgbegmn- T

" ing has beon made in. lndiz. When

ity d"w..lopcd these oil fields Would

. becoma‘a najor source of oil for.the - .
: gmlry me thoso. o:l f c!us are v o

million doYars. By 1980 the oﬁ'shotc
oroduction. of oil in- thc world " is’
expected to reach 20 million barrcls
per day. * The rate of production in;
the future will further increase sub- -
stantially as it is estimated-that. about
25 per cet of the world’s prospestive

oil basins lie offshore in wa;er dcpths .

of {ess than 300 metres..
E'(TRACT!ON TE(' NOLOGY

The technoiogy of oﬁ'shorc mmmg

of unconsolidated .mincral deposits. -

such as sand, limestone, Yin, phos- -
phorite, diamond is cssentmliy based
on the principle of dredging. Some
of the dredges have been designed in

- such a way that they dig and. scoop

the sediment at the same time, while

the others use hydraulic pumping or

air-lift systems (Fig. 5). ‘Continuous
“line-bucket systems ‘are used for the
recovory of manganesc nodiles.

Shaliow ‘water (less thd.n 50 mcire
indepth)and protected bays in coastal

- areas offer the best opportunities for
Dc:.per

- safe mmmg operations. .

T cameweny | L

- guttethess . o -

o
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"__:;'Mec;hamcnl and hyd:aul!c dredges‘_

- sxtraction 'Uf’ unconsglidat
: "wavy mmeuls, dismond, .phospharite,
S nndmes cic) from the sea bed 3

waters, on the othet hand rcqf
“extensive-anu very reliable mete;
‘ogieal and oceanographic ‘data
plaumngwd:mpbmcnnnganeﬁc
‘and safe operation. The jmpo
‘of these vital oceanosmphlc dats
be well appreciated when it is kaf
that a dredging plant- epcratcd f _
the. ‘sea - surface undergoes: o
-forms of movements such ‘as’hg
pitch, roll, sway. yaw and surge g

Such movements and theassotaz
,-stresses and strdins. an the planf
" say the lcast of péfsons on’ “be
“imposg severe hmnatwns on ﬂmv ‘
wrucd out a.t sea.’

navrgauoml channek preventwl
“harbour. siltation and - several &
“aspegis are being. intensively: un
takenin Indiaand asimilasteg
atanadvancedlevel could bc
for offshore ‘mineral’ mlmng

- requircd - cnvironmental ' dam
meteorofogical . ‘and ~ omnogm
-conditions - cas;- - casily : b¢  obj
‘from the India: Metcorology
-ment- {IMD) and N{O:as has’j
done in the case of offshore: exﬂ

tion and productxon of oil.
'cmn co.lecuon and transm:ss»q i

ed. minerslg; (: _nd, th




(ONGC} '
‘work of this pxmﬁno-wcrc ¢ondudfen.
by Nl

= Nevcrthn.lcss bcc.zuaeofthemc.rezz_sc
{1 various kmds of offshore aitivities
‘~=séveral of whlch could be mutually
* - conflicting. in nature—~a great -deal
... ‘of concern-has been shown'in recent:

“yzars regarding the health of. 1he.s
The problem ‘of protection of marin
“environments. is_being. discussed: i
VArious na(xonal -and” internations
-.-bodies and numerous- recommendas
“tions and rcgulatory ‘measures
‘ bemg developed: (0 chsure “that the'
L omns do not’ suﬂ‘cr advcrsely

Some af thz. morc obvsous ‘results
of, offshore mining by -dredging of.
= similar activitics are the disturbances
. caused to the-bottom fauna. ‘Maoy o
-these: Bottor' anismals’ havc ‘consider=:+
o abig'cor mereial value.” The increase -
vin the turbidity of ‘water caused by -
_ the stirring Up of sediments or by the-
release. of decdged material: 2t the -
sirface ‘duting the course of mini :
o opcmtion, ‘muy Jead to areduction’™
i biologicat producuvuy of “the
- watcrcolumn '

eﬁ‘ccts &an, c:xuse sngmﬁcau! damage -
to: the “environment -becauss-.
;mmlngopcrauonsarehxghly )

- 'A and. thc dlsturhance a, 'nmm,tmds

typi‘ } d t o buoy ior the collectxon and transmission o!
; aaographm and meteorolog’ical%da(a. T ,
* vifaware being carried out using - ratively, the dnllm rig is. ¢
| !g;gmphxc databu ys (Flga 6) ‘ moumzd c'mya ship cailcg "gﬂﬂ T produc on -am f"“”’P"m’
- ship™* (Big:7) w!uch is:provided .uon of oil has reati;d
; “zissderably fl:vxgg d‘::'na:;‘uc positioning systems to - or '
old:the ship:in position very:accu- .1
mplex than tho dredging used - rately urmé, lhcl.’ooursz .of drifling. 3
ex Imtguon,of eon - Multipic 10.tonne anchors are also. :
: ‘sea’ used-for stabilisi T
on the dnlhggz&
plat- . found -'productive,
" ‘duction’ platfor ¢ or;
“awater; dep nding on the water ds
18 areinstalled. -The

environnient
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: ‘A drill ship for drilling of oil in offshore sreas, . L
Random accidents of this nature ' : © TABLER® -
are boynd'to'happen‘but some of . SRR
gt % WIS NATURAL AND ARTIFICIAL SOURCES OF otk 1N
g’;’én in 'f!iglcleoo%egg)yvindimtc? LTy T S

t out of the 2,000,000 tonnes o ' - o

. oil finding its way into the sca eve;y  Ballast and wash water from tankers
yqr A8 -a ‘result of miou’ “human (a) non-load on top
activities, only 2 per cent (30,000 o -
tonnesfyear) -can be attfibuted to . . {b) load on top

offshore -drilling and production.. - Yoo

The ‘rest (about -1.4 million tonnes/ . , ilees: -

* year) is becauss of other activities Machinery space bi ges

associated with shipping. Neverthe- . o

less, contingency plans for tackling e

accidental oil spills during production Accidents to ships

and transportation are very necessary. . (a) - tankers
" Innovative, technology appropriate - .- (b) other vessels. . .
’1tol,n‘di;(_n‘cond_itiohuo.saﬁzﬂurdthe Sl .
~-seas around India is being eveloped - o 0 0o oc el
- by NIOG under the sponsorship- of - Effluents from shors/mainiand - . -
. ONGC.": These include theorctical ~ =~ "' T
. invéstigations of spifled ojl movement
. ~-on'theseas during various seasons un-
. der differont” weather conditionsand’ "
 theeyaluation of efficiency of variods’ -
dispsgaants for the romoval of oil. .-
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