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INTRODUC ION

The Indlan Ocean surrounds the Indian subcontment Ithasits northern boundary closed
by the land mass, but to ‘the south it extends nght upto the icy continent of Antarctlca For
several centuries. the people of Indl , using the seas aroundI dia for ansport and
commumcatlonf ' 1€

of the sea; whlch wa
an immense promise fc
countnes in as much as thelr rig

played a key role-in effectlvely'prqectlr‘ié mndla
meetmgs of the Preparatory Comm1sslon [ th ntematlonal Sea Bed Authonty, in the

f‘ thlrd expedmon to Antarctica sailed on 3
nnpolans” and landed on Antarctlca on 27,



2. MARINE PROGRAMME HANDLED BY 'HE DEPARTMENT

The Department has taken rapid steps to enhance the country’s capabilities in ocean
sciences and has provided inputs to several institutions in the country.

The different areas of work of the Department during the year 1983 84 can be
summarized as follows :

(i) Antarctic research: ‘ -

The seventh continent of the world is a demilitarised, and nuclear-free zone and offers
freedom for research. Recent geological surveys have aroused interest of both developed
and developing countries of the world to know more and more about the mineral resources
of Antarctica and to exploit the living resources of the surrounding seas for the benefit of
mankind. :

The Department of Ocean Development, in the three expeditions to Antarctica, has
collected a lot of information, data and material. India has also become a member of the
Antarctic Treaty. :

(ii) Living resources:

India with a long maritime history of the exploitation of living resources from the sea,
occupies the eighth position in the world for the total annual catch of fish, India has an
extensive coastline of nearly 6000.km and a vast exclusive economic zone (EEZ) of about 2
million sq. km. It contributes about 46% of the total explorted living resources from the
Indian Ocean.

The marine fish production is contributed by capture fisheries and the intensively
exploited areas include the narrow nearshore regions. In the capture. ﬁshenes of India the
non-mechanised fisheries still remarns,to be replaced by powered boats. The increase in the
fish production obtained especi illy.in"the last two decades is attnbuted mamly to the
increase in mechanised boats and plarmed developmental activities.

Exploration of marine hvmg résources in the open ocean using oceanographrc vessels
like Sagar Kanya is one of the major obJectrves of the Department. The relevant aspects of
the protection of marine life sueh as the conservation and monitoring of the marine
environment are also to be given a hrgh priority.

Another important sector namely manculture is very inadequately developed. Aquacul-
ture in the coastal zone is practrsed at present on a small scale largely in the enclosed areas
of estuaries and “backwaters - states like Kerala and West Bengal. The entire
maricultute programme needs fuﬁher strengthemng
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Seaweeds form another economrcally important marine livirig resources and are used as
;food femllzers and for certain chemicals and pharmaceuticals. Severdl institutions have
71mt1ated programmes on-. ‘the ‘cultivation of seaweeds on a mass scale.’A techmque of
'cultrvatton on ropes has been developed for Gracilaria and Geltdtella and E nteromorpha

Ttis however, essentlal to standardize the technology of mass culture of seaweeds 50 that it

3.

could: be undertaken by several ‘coastal states.

(iif) Deep sea _mining ‘ '
The last few years have witnessed the development of technologres forthe exploratron of
polym allrc nodules from a depth of neatly 3500 to 6000 metres and the extraction of
srtant metals such: as copper, nickel and cobalt from them. This period has also
sed the development in the Third Umted Nations Conference onthe Law of the Sea
1l and institutional framework in whrch the explortatlon of nodules will take place

here is:an urgent need for India, to collect as much data as poss1ble for 1dent1fy1ng a
per site for mining of the nodules: We have completed the survey and a suitable pioneer
has been identified for regrstratron wrth the Preparatory Commlssron of the
erna 1onal Seabed Authonty SESERI :

& Associated with the deep sea survey, is’ the development of submer51ble technology The
Department is, therefore, working ¢on the feasibility of acquiring a complete transfer of
_technology for design, fabrication and operatron of submersrbles '

 (iv) Acquisition of research vessels ‘ : :
. The Department’s research vessel Sagar Kanya is' the lat_ A _addltlon to our country s
- cabability for the exploration of the. oceans. It is one of the most modern oceanographrc

’research vessels wrth advanced faclhtles for workrng in the field of physic ; chemxcal
S LTJ‘
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' (vi) Legal regime
ExXpertise in the international law is necessary to understand the legal implications of the
Conference on the Law of the Sea. Moreover there are legislations to be developed for the
conservation of marine environmeént and control of marnne ;‘.uJ”L:IllI_J!". For its r__TL]'-'r'l'lg_'
activities, the Department has taken steps to start a legal cell.




(vii) Promotion of other activities

~ During the year, the Department has supported a variety of different kinds of activities
and has: also provided help to. many institutions in orgamzmg Symposia, - seminars;
workshops, exhibitions in- -different parts of the country. ‘ o

This Annual ReportAglyes a summary of different activities undertaken'b_y the
Department of Ocean Development during the year 1983-84 under the following headings ::

3. ANTARCTIC RESEARCH AND TS IMPORTANCE TO INDIA

Antarctlca makes a great natural laboratory Scientific expedmons to: Antarctxca become:
1mportant because of the followmg reasons ; ; ,

(a)- Antarctica is animportant location for observmg the interaction of the magnetlc ﬁeld in
.- conjunction with the charged particles from the sun.

(b) The North and the South Poles keep the heat budget of the world in balance. The heat
v transported through the atmosphere and the ¢ oceans to the Polés s dlssxpated m spacein
the form of long wave radiation. »

¢) Antarctica is a stable: platform for carrying out observations. It i 1s far away from all
industrial areas and thus remains an- unpolluted datum -point from which globai
changes due to pollution can be monitored.

(d) The glaciers from Antarc ttca‘compnse about.90 per cent of the: Earth s ice. Thus;
Antarctlca holds a significant fraction of the fresh water’ resources of the earth.




ESULT OF THE FIRST INDIAN- EXPEDITION TO. ANTARCT 1CA-. 7o
e first Indian expedition to Antarctica left Goa on 6 December 1981 by MV
» RCIRCLE, a chartered ship from M/S G. C. Rexber.,& Co., Bergen, Norway The

fexpedition, under the Tea dership of Dr. S.Z. Qasxm Se e;ary, Department of Ocean
Development landed on the Antarctic contment at 0030 hours (IST) on9 January 1982
'“l h= ]nd ian team had 21 members from seven dlff

L'JII'- i hll Nk

ia) "Position fixing in Antarctica

sntarctica has large desoldte areas. Itis covered with an enormous volume of ice, It has
tew land marks and even fewer geodetic marks. Therefore. it offers a great challenge for
position fixing in conducting surveys.. The weather in Antarctica,s Lu'-'..'u amed by strong
Fwinds and snowlall, also hampers position fixing. In surveysand éxploration, very dccutate
Eposilion fixing is a prime requirement for the scientific work. The radio propagation
'Fiff_Tl_ﬂi.f'iU'-l\' are alse not favourable for the operation of radio positioning systems in
1-""“"-:3“-5“'-‘” However; the development of satellite navigation systems in recent yvears has
pEEMHEd an important toal for position fixing. ;

“Fhessatellite- position fixing svstem provides accurately all the three coordinates:




(latitudes, longitudes and height). The advantage of the system is that it requires referencd
only to the satellites and can be used anywhere in the world irrespective of the time of th:

day or weather. The expedition used a portable land sea satellite position fixing system with
least-square and 3D techmques to determine the following positions :

WEATHER STATIONS LATITUDE LONGITUDE

1. Dalzs‘};iﬂt:(}angotr'i 70° 45 }2963”8 11° 38" 13.618"E
2. Base Camp Refug:Hut 69° 59’ 12.6772"8 11° 55 7,263';E
3. Base Camp - e 69° 59' 23.119"S 11° 56’ 26.83"E

The positions obtained were within a few'metres.

(b) The Antarctic weather = g

Hydrometeorolog1cal characteristics of snow and ice along with the. radiation balancé
and computation of melt rate over the Antarctic ¢ontinent were studled Similarly, climatic
features of the continent were also studled It was observed that a large quantlty of solat
radiation (0.5-0.7 1y/min) is received at the surface but more than 80% of it is reﬂectei;
back in the space. The net radidtive heat balance for the continent is posrtrve in. the monthsj
of December and January while negative in the other months of the year. The netlong wavé
radiation exchange, convective transfer-and exchange of. the sensible heat contribiite
negatively to the mechanism: of snowmelt- during the summer months ‘The net snonel‘?
computed by the various phys:cal precesses is found to be a few centimetres per dayeven in
extreme summer period.’ The maximum wind speed observed durmg the period. off
expedition was 40 km/hr. A typlcal phenomenon of inversion mlrage on the SNow surfac
was observed during the. expedrtron v

‘The automatic weather recordmg station set up during the f irst expedmon to Antarctr
1981-82 gave important. information about the Antarctic winter. The. statron perform:
well and the data collected on the cassette became very valugble, ,

tai,tipn in Antarctica’

(c) Results obtamed frpm automatrc weather recordmg."



The automatic, solar-powered and amputerised weather
up by the first Indian expedition
i r
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Mechanically, the station consisted of a4 metre long aluminium pipe of 4.5 inch diameter
which was mounted on a steel tetrapod and stabilised by 4 stamless steel guy wires. The
electronic was based within a 0.5 inch thick black high dens:ty polyethylene (HDPE)

cylinder of external dlameter 30 em and a helght of 60 cm The intervening spaces were |
filled with expanded polystyrene foam i : : E

The data recorded onthe tape durm th short sojourn at Dakshm Gangom was. retrlevec1
prior to the team’s departure and 8 new tape was loaded. The ‘meteorological a_luee
recorded showed good correlatmn with the values recorded by-the Russ1an statxon‘locate(
about 10 km. away from fl akshm il : :

1




ntarctica. A wide north-south variation in the physical
oticed along the transects. Maxunum sea surfa
n' latxtudes 6°- 710°S and a sharp fall of te

ceanographic parameters has.
iIres have been obserYBd

t'ﬂt-ﬂ arid |n|‘|'-| luted environment |. Ising th two-as the southern-most and the
§ most-reference points, 4 wateh can be maintained on the ‘health of the Indian

{ (E).Some biological features of the land mass

I'he pecurrence ofa petr ;[-.|'|||,:|||H lichen dcaraspara cp.-and a moss j'E_F:|'|'f_r;j 5
|TL].NJF'T.Ld from Dakshin Gangotri near Dronning Maud Land during the fi
im]:lﬂdm-:m The flora of Dakshin Gangotri consisted only -of lichens and mes

! 9
|
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were found to be growing on rocky substrata and in crevices. No other floral elementsi
belonging to any group of plants were observed in this region.

" Biotic and environmental characteristics of four fresh-water lakes in the mountam reglons
of Dakshin Gangotri have also been reported. Waters were found to be highly turbid (750 to
1530 ug/l of particulate matter), thus impending the passage of sunlight to the subsurface}
region. The essential nutrients (nitrogen and phosphorus) were low but the silicates were
very high. The rate of photosynthesis, varying from 0. 14 t6 0.68 mg cm>hr ), largely
depended on sub-surface illumination. Bacterial counts were also found to be very high;
(12X10*-5.9 X10°mI*) and the bacterial flora was dominated by Bacillus, Mlcrococcus
and Corynebactenum

Wo g i St

(h) Blologrcal productlvrty of the Antarctlc waters

Cold water masses, originating in’ the Antarctic region and moving northwards, are
known to affect the hyd rographical features of the southern Indian Ocean. These waters areg
characterised by very low temperatures high concentrations of inorganic nutrients and ate
subjected to extreme seasonal changes in the total incident solar radiation falling ori the seai
‘surface. Consequently, the phytoplankton production gets restrlcted to a short period qu
summer during the year when it is intense.

* Observations on chlorophyll a, particulate organic carbon (POC) and ATP from the;
Antarctic waters showed that the chl a concentrations in the shore waters (mean 0.21 mg}

m?) were not significantly different from those of the open ocean waters of the Antarct
(mean 0.215 mg m3). Vertical distribution of chlorophyll awas uniform in the euphotic’
zone. POC concentrations revealed that the area studied is fertile and there is a regular
input of organic material into the water column. A: direct relationship was found between
the bacterial counts and ATP content. A s1gmﬁcant part of POC appears . to exist’ asg
detritus. : » ;

(1) Aerosol particles -

" Measurement of aerosol partleles along a transect in the south—western Indian Ocears

(_}) Geology, geophysics, géomagnetism and glaciology

The first Indian expedltior‘l”‘ ad collected a large number of sedlment samples rocks,
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water and ice samples for laboratory studies from the continental margin and adjacent seas}f
off the Princess Astrid Coast, Queen Maud Land (Antarctica).

The foraminiferal fauna of the sediments of the continental margin off Queen Maud Land
(except the continental shelf) is dominated bv_planktonic foraminifera (more than 90%\.E

- A a g . . r—
. 4

The presence of some shallow water foraminifera such as Legena and Oolina in the deep;
water has been explairted due to ice rafting. The absense of Uvzgerma a common genera of!
the sub-Antarctic regions indicates the lack of faunal mixing from the southern Indian]
Ocean to the Antarctic continental margins.

The scientific work in Antarctica included several programmes of varied nature. The
work of geological and geophysical programme included bathymetry, recordmg by side
scan sonar, seismic profiling, magnetlcs and sea bed samphng

The sea bed sediments from the 12°E Ridge range form silty clay to sandy silt. 1he
terrigenous component ranges from 72 to 95 per cent and the feldspar/quartz ratio ranges
from 0.54 to 2.7. The scanning electron microscopy of quartz shows that the grains near the
coast are sharp and angular with conchoidal fractures while the grains away from the coast
show V-shaped depressions and rounded edges. The angularity reflects mechanical’
disintegration and transport by glaciers and ice sheets. The grains were subsequently locked
up in the ice which possibly led to the formation of V-shaped depressions later covered by:
deposition. The predominent clay minerals are illite (73 to 91 per cent), chlorite (8 t026 per.
cent) which are typical of the Antarctic sediment.

The Oasis mountains is ‘Roche ‘Mountannee’ in an otherwise wide expanse of thick ice?
cover; these can be seen from scores of kilometres off the coast of Antarctica. It is about 20]
km in length. Four rock samples from the outcrops of the western part of the Oasis mountainj
in the vicinity of the Dakshin Gangotri station and rock fragments from the bottomi
sediments from a depth of 1700 m were studied. The megascopic and microscopic studies!
revealed that the four rock ‘§amples are (1) hypersthene and garet bearing gneiss (11)t\
garnetiferous, granitoid gneiss (iii) biotite granite and (1v) amphibolite. The rock{
fragments are of (i) granoditoritic gneiss and (ii) sillimanite-bearing granulite. The rock:
samples are similar to that of peninsular India. These are thus related to the pre-dnft
positions of Indla and Antarctlca T

Magnetic measurements were carried out on Antarctica during the period of ﬁrst;j
expedition as a part of the programme. The measurements were essentially of an;
exploratory nature to assess the feasibility 6f monitoring the magnetic field contmuously on}
a long term basis and 1o carry out systematic magnetic surveys to study the magnetospheric
influences on the terrestrial magnetic field in the continent continously on a long term basis. {
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Geochemical studies of a sample of metapelite collected during the first Indian expedition
were carried out at the geochemical laboratory of the National Geophysical Research
Institute by x-ray fluorescence and atomic absorption spectroscopy. Geochemical studies
i of the metapelite collected from Dakshin Gangotri showed striking similarities to the meta-
pelites of the Napier Complex, Enderby Land Antarctica and khondalites of the Eastern
' Ghats of India.

A large number of horizontal tilted and overturned icebergs were observed during the
| expedition. Their estimated thickness varied from a few metres to over 200 m. An
examination of the pack ice and the ice shelf around the base camp indicated the altitude of
the latter as 44 m. Experiments using carbon black gave average results of the ice melting as
35.8 mm/day (19.7 mm water equivalent]. The average natural melting rate was observed
as 2.6 mm/day. Studies of the ice core samples showed the presence of nuclear debris.
Cosmogenic 'Be oceurs at levels of 30 dpm/1. Small amounts of dust, obtained by filtering
the melted water, showed the presence of metallic spherules.

(k) Studies of the rock samples from Dakshin Gangotri

Antarctica has long been recognised a5 an important component of Gondwanaland
forming the central locking place in the natural reconstruction of the southern continents.
lts geology has many points in commen with that of Peninsular India,

The rock samples collected from Dakshin Gangotri have been analysed for petrography
t and for major, minor and trace elements. The study reveals that the rock is composed pre-
' dominantly of plagioclase, quartz, gamet and biotite with minor amounts of macrm,lme,
hypersthene, magnetite and accessory apatite and zircon grains.

It has been found to have high Sil}; (65.38% ) and high Ca0/K,0 (3.6) and Th/U (30)
ratios.

(1) Indira Mount : Ar underwater mountain in the Antarctic Ocean

The knowledge of depths of the sea is essential for all oceanographic research work, The
 topography of the seabed, to a large extent, reflects the structure, tectonics and geological
th.iﬁ!ﬂr}’ of the seabed. With increasing interest in marine research and surveys, large areas
of the seabed have been charted and the bathymetry and morphology of the ocean floor is
becoming fairly well known. '

| During the first Indian expedition, a major topographic high on the seabed at 53° 39.79’
pand 47° 55.82'E was discovered. This was named as “INDIRA MOUNT. The mount
Hi5es from a depth of about 4500 m to about 1200 m and has a number of peaks. Oneé of these
' péaks rises upto BB0 m below the sea surface. The apparent width of the mount at the base
-@ppears to be about 185 km and at the summit it is about 134 km. The mount is associated
with-a composite magretic anomaly of the order of 1000 gammas. The multiple peaks and
high magnetic anomalies indicate that the mount is largely composed of voleanic rocks. The
discovery of this hitherto unreported seamount will have an impotant bearing on the

i 13
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geological history of the Antarctic Ocean. It is one of highest seamounts ever recorded in
any ocean of the world.

(I) SECOND INDIAN EXPEDITION TO ANTARCTICA (1982-83)
After the successful completion of the first expedition, the Department organised the
 second expedition to Antarctica.

' A 28-member team was éelected from several different organisations of the country. It
-was led by Shri V.K. Raina, Director in the Geological survey of India. The expedition left

 Goa on 1 December, 1982 and successfully landed on Antarctica on 28 December, 1983,
The objectives of this expedition were :

(i) to select a site for a permanent station.

_ (i) to carry out various scientific research activities.

(iif) to establish a communication link with India.

. (iv) to prepare an air strip for aircraft landing.

f,(v) to carry out reconnaissance of the area up to 100 km from the base for future work.
E The following work was carried out by the team :

. Logistics

(a) The stay;bn Antarcuca during the first expedition was for a total duration of 10 days.
. This was too short a duration for carrying out extensive scientific research on land The
second expedition stayed on the landmass for a period of 57 days.

(b) Itsurveyed the area and selected a site for setting up a permanently-manned station.
It established a base camp on the landmass. It recovered the cassette from the automatic
weather—recordmg station left behind during the first expedition and ﬁxed a new cassette
after fully overhauling the entire system.

: (c) It worked out the logistics for setting up and servicing a permanently- -manned
;e; arch station. For this purpose, it carried out a detailed assessment of the annual
requirements of manpower, stores, equipment and services for the permanently-manned
station to be operative during 1983-84 season.

(d) It surveyed and identified an area for a suitable airstrip and prepared it for landmg
f an aircraft, ,

(e) Itestablished a direct communication link between the base camp on Antarctica and
ndia as also between the base—camp and the mobile parties on the land-mass and the ship.

cientific
: ological studies :.
cal mapping of an area of 4.5 square kilometres on 10000 scale, in the

15
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Dakshin Gangotri range (Lat. 70°45’ 12.9”S, Long . 11°38' 13.6”E) was compléted
wherein the nature of the various rock outcrops and structural disposition were plotted.

A geological reconnaissance of the Wohlthat Mountains around Lat.71° 18’S and Long.
13°31'E was also carried out. The Wohlthat Mountain range can be divided into massifs
with south to north trending glaciers emerging from the inland polar ice and the range of
exposed rocks of metamorphic and volcanic origin.

(b) Snow and ice studies :

Studies were carried out near the base camp and far inland upto Dakshm Gangotri Hills.
These studies covered the recording of (a) snow accumulation and ablation at the shelf (b)
changes in the surface microrelief of the shelf ice (c) natufe of movement along the
crevasses within the shelf ice (d) experiment on artificial augmentation of ablation of the
shrelf ice () thermal profile of the shelf ice (f) crystal studies on the ice (g) snow stratigraphy
and density profiling of the polar and shelf ice (h) studies on the iceberg flow drift and
stratigraphy.

-In addition, a map-of the Dakshin Gangotri glac1er was prepared, marking the terminal of
the ice front. Ice core samples were also collected from this region for dating purposes.

(c) Meteorological studies ;

In all, 55 balloons were launched in Antarctica which included 8 low level sondes, 6
ozone sondes, 10 omega sondes and the rest were radiosondes. Ofthese, 50 soundings were
successful and yielded valuable data. Lowest temperature recorded was —15°C and the
highest was +8°C. However, the average temperature was well below zero most of the time
ranging between —5° to —10°C. Winds had a particular pattern of fluctuations with the
spells of calm interspersed between the spells of high winds. There were many clear days in
January but cloudy spells increased during February both low and medium clouds were
present in February. Excellent visibility prevailed most of the time (upto 10 km) but during
the storms it was reduced to 50 metres. Strong reflection of solar radiation from thé snow
was the most interesting feature of the radiation measurements. Spectral measurements in
UV band showed no significant attenuation of UV in the reflected solar radiation. Temper-
ature under the snow showed a steep gradient going down to-13.5 at 20 feet. The sharpest
gradient existed between the first 10 feet under snow. Diurnal variations were found to be
negligible.

(d) Radiowave propagation studies :

VLF propagation experiments consisted. of recording the VLF/OMEGA signal phase.
and the amplitude. Phase measurements were carried out with respect to an atomic
frequency source. VLF experiments had also been carried out during the first expedition
and some conclusions were drawn regarding the quiet time solar zenith angle dependence of
the D-region electron density. With more "and extensive data now available, these
conclusions were confirmed.
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Riometer experiments consisted of continuous recording of the extra terrestrial cosmic
noise along the local zenith on two frequencies (20 and 30 mMuz). The analysis of the
cosmic noise variations will yield quantitatively the nature of the lower ionospheric.
variations during the quiet time as well as during the geomagnetically disturbed conditions.’
Several cosmic noise absorption events have indeed been recorded. These events
correlated very well with the poor, long distance HF reception (from COMCEN Bombay)..

(e) Air-sea interaction studies :

A continuous set of observations was made on the temperature at the sea surface and ata
level of 40 feet of humidity at the 40 feet level, and of the wind speed and direction at the
same (40 feet) level. A computer programme has been developed to compute the various
heat flux terms. Itis proposed to compare the heat flux computation as outlined above with
the semi-theoretical model calculations worked out earlier. '

(f) Microbiological and biological studies : _

Bacterial counts were taken from the shelfice (at S statxons) melt water (at 3 stations) andj
from the ice core (Om, 0.5m, 1 m, 1.5m, 2m) taken from the ice shelf near the Indian base }
camp. Ice incubations were done to measure the productivity potential from the 13 samples
collected from the shelf ice. Bacterial counts were taken from the 5 ice samples and one §

r ot wm o T 00000 & 00 0= s - 1 Vpdo A _ 2 dwil -

olleced rom th shlr  and one |
O
f

|
_
ﬁ‘ ‘

—

(g) Geophysical studies :
Magnetic survey (measurement of the total intensity of the earth’s magnetic field) was
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A view of the Indian camp at Antarctica. In the foreground is the prefabricated shelter
igned by CBRI, Roorkee.




conducted over a small part of the Antarctic region using proton precision magnetometez
The details of the survey are :

Measurement of diurnal variation of the earth’s magnetlc field was also made at the bas&
station during the survey period.

4
(h) Material for paleomagnetism and magnetic properties : x

Fifty rock samples were collected from ten different sites at Dakshin Gangotri for the
determination of paleomagnetism and magnetic. properties.

’ 1
(i) Acoustic and hydroacoustic studies: f

Noises produced by the ice cracks in the pack ice and those between the ice shelfand pacI§
ice were recorded both through ice and air. The effect of sun’s radiation on the crackmg

sound was also studied by recording diurnal variation of these noises at intervals of eve
four hours. r}i

(j) Physical oceanographic studies :

Ocean thermal structure was studied by recording temperature profiles of the ocean
continuously upto 450 metres.

e

(k) Hydroacoustic studies relevant to sonar : ; i

- — - A -

() Geomagnetic studies: - iﬁ
The strength of the total geomagnenc field ‘F’ at the base camp (Lat. 69° 59'S Long
11°55'E) was recorded continuously using a protori magnetometer. Measurements wer
made every 10 seconds with a sensitivity of +'1 gamma. The three vector components of the.'
geomagnetic field viz. nofthward, eastward and vertical (X Y, Z) were 1nd1v1dually,
recorded. The vertical component *Z’ of the geomagnetic field was measured’ regularly, ‘
using a direct reading digital fluxgate magnetometer. Observations of the strength of theﬁ
total geomagnetic field ‘F" were made at the Dakshin Gangotri cainp (Lat 70°45'S Lon
11°38'E) as well as around the ice shelf at the base camp. VHF s1gnals at244 MHZ fro’
the geostationary satellite were-also recorded.
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A view of the Indian camp at Antarctica after a blizzard hit the camp at 150 kilometres per

hour.



. 1
(m) Indian manhed station in Antarctica : ’
It is proposed to set up a manned station at Antarctica in the year 1983- 84 to ha
continuous scientific observations all the year round.

(n) Participating institutions during the second expedition : S
The members of the team for the second expedition were selected from the followiq!;
organisations : ' T

.- Geological Survey of India
. National . Physical Laboratory
. Indla Meteorologlcal Department

and— Oceanographlc Laboratory
rmatlon and Broadcastmg o

‘bﬁﬁbwewb~

12 Ineilan Navy

(II). THIRD INDIAN EXPEDITION TO ANTARCTICA ( 1983 84) ]
The Department has sent a third expedition to Antarctica to carry out more intensiv,
research activities on the frozen continent and to set up a manned statlon in Antarctica,

A team of 83 persons which included 2 women scientists was chosen from different
organisations of the country. Dr. H.K. Gupta, Director, Centre for Earth Sciences Studies
(CESS), Tnvandrum was selected as the leader of the .expedition, ‘and Lt, Col. S.S

Sharma of the Dafance Basasrch and Developrient Organisation as the Deputs Leader

I'he third expedition left Goa by a specially chartered finnish vessel “Finnpolaris™ on
3 December 1983, and landed on Antarctica on 27 December 1983 About 12-15
members of the team 4ri likely to stav on in Antarctica for the whole vear, The scientists
staying back would cor inue experiments even dur Ing the six-month long Antarctic winter

when the continent is in wial darkness. During this penoa the team will keep 1r)119qgh}’y_itﬁ
-the Department via th‘e“satelhfe cﬁannel S : :

:The maintask of the third expedition would be to set upa permanently-manned statlon m.:
Antarctica. The. ship “anpolans is - carrymg prefabricated building material and;}
specially- demgned containers to. expand the ‘existing Indian barracks erected durmg the
earlier Indlan expeditions. Four heIIcopters will carry men and materlals from the Shlp to_;;'
the camp.on Antarctica. ’
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Sk " ooyl g wart st macad fram Finland for the third
The ice-breaker-cum-supply vessel “Finnpolaris chartéred from Finland for the

Indian expedition to Antarctica.
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" India’s permanent station is likely to have all the facilities for protection in the hostile :
cy environment including living, working and storage accommodation, entertainment
lentre, ice melting plant, electricity generatmg unit, satelllte link with India, etc.

The permanent station would accommodate about 15 persons (scientists and support
sersonnel). The manned station in the Antarctic will be established only after providing all "
he safety and logistics facilities. Logistics in later years would require an air-strip close to
he camp to maintain the supply of materials and evacuation of personsif an emergency
situation arises. The Indian Air Force isengaged in the task of identifying a suitable aircraft:

A. Objectives of the third Antarctic expedition :

_,oglstjcs i, ‘ R M

(a) Ftwill carry Qut a qulck survey of the area fo ensure that the s;te lected for the base"
:amp by the second expedltlon is: stable and eapable of takmg the weight of the proposed
ttructures. . ,

(b) It will erect the bmldmg for the permanent Indxan statxon and equip it with all
:ssential services like power, water supply, heating, sewage disposal, etc.

(c) It will establish direct communications link between India and the station in
Antarctica.

-(d) It will test the reliability of the structures-and other essential equipment for a period
f 6 to 8 weeks. If these are found to be satisfactory, ateam of 12 to 16 persons will be left
sehind for wintering in Antarctica.

scientific

Work started in various scientific disciplines during the first two expeditions will be
ontinued. Studies will inter alia be carried out in the following disciplines,

(a) Environment : Work on aerobiological sampling will be continued and investi-
ations on the effect of man-made changes in the Antarctic environment will also be
tudied. ‘

(b) Meteorology : Four sub-stations within an area of about 100 sq. kilometres will be
stablished and these sub-stations will be linked with the main station for bringing out
veather forecasts. Ice-charts will also be prepared and released periodically using all types
f data and satellite pictures. The automatic weather station at “‘Dakshin Gangotri” set up
uring the first expedition, will be examined and serviced and the second cassettes will be
etrieved. The system will be overhauled and updated.

{c¢) Geology: Investigations on the rock and ice samples will be continued.
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— Large helicopter, M1-8 of the Indian Air Force landing on Finnpolaris. Two of these
“ohelicopters are being used for the first time in Antarctica




(d) Geophysics : Experiments will be carried out to confirm whether the “ice cover
there our permanently—manned station is to be estabhshed this year is on the land mass or
n water

(e) Terrestrial life of Antarctica ; Collectlon of the prlmmve form of hfe occurring in
wntarctica will be continued. -

(f) Oceanic studies : These will include mtensxve investigations on physncal chemical
nd biological oceanography at some selected stations of the Antarctic Ocean and along the
.ntarctic coast. In addition, further investigations will be conducted on krill as:a food
'source in the Antarctic waters under the title “Biomass”-Biological Investigation on
farine Antarctic Systems and Stocks. Mlcroblologlcal studles on the Antarctxc waters
1d ice will be continued.

(g) Other studies : Earlier studies on communication have yielded valuable mfofmatlon

id hence further data on signal strength and frequency transmission will be collected.
milarly, inthe other fields in which the work has remamed unﬁmshed will be undertaken
rther or completed. :

B. Team members of the third Indian scientific expedition to Antarctica

.l‘; Name : Organisation
1. Leader Dr. H K Gupta Centre for Earth Scnences Studies,
- Trivandrum .
2. Member Dr. (Miss) Aditi Pant National Institute of
- Oceanography, Goa
3. Member Dr. (Miss) Sudipta Sen Gupta  Jadavpur University, Calcutta
}. Member Dr.K.J. Mathew Central Marine Fisheries
Research Institute, Cochin
i. Member Dr. Madan Lal Oil & Natural Gas Commission,
Dehra Dun
. Member Dr. A K Bakhshi ' Delhi University
: (ARSD College) Delhi
. Member Dr. L S Rathore - India Meteorological -
Department, Pune
. Member Dr. Ashutosh Singh Amateur Radio Associations,
v New Delhi-
. Member - _Dr. AK Hanjura . .. . National Physical
Laboratory, New Delhi
Member Shri SWA Nagqyi National Institute of
T .. Oceanography, Goa
Member Shri M R Nayak ) -do-
Member Shri M Manoharan -do-
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. Member
~ . Member
. Member

|6, Member
. Member

18, Member

. Member
. Member
. Member
. Member
. Member
- Member
. Member
» Member
7. Member
- Member
i Member
. Member
;._ Member
_.-.Member
. Member
L Member
- Member
. Member

Shri RK Singh
Shri J M Vartak

Major P K Nair

Capt. H C Lohumi
Capt. A Hamal

Capt. AS Patil

Capt. AT Patnaik

Nb Sub P L Dwivedi
HMT Malkhan Singh
Hav. Shiv Kumar

Hav. R. Reddy

Nk R Francis

Nk Dayal Singh

L/Nk S. Sekar

Hav BV Subraya

Hav Jit Ram

Nk Jagtar Singh

L/Nk A Suregaonkar
L/Nk Govind Raj
L/Nk Baldev Banger
L/Mk Thimmiah

L/Nk Gopal Reddy

Spr Devasagayam

Nk Gajanan Jadhav
Hav Shamsher Singh
L/Hav Mohan Kumar
Hav K G Subramani
Nk Balwant Singh
Capt. G P Krishnamurthy
Spr K ¢ Pillai

Nb Sub J S Kalliraman
Cdr. VP Sathiamoorthy
Lt. Cdr. R § Gill

Cdr. 5 K Chandana -
Lt. Cdr. R 8 Chauhan
Lisut M 8§ Khela

Licut A A Khan

AAT P K Balakrishnan
Poelar RK. Kapoor
AL3 H Singh Mech
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Geological Survey of India,
Lucknow
Ministry of Information
and Broadcasting, New Delhi
Indian Army
-do-
-do=
-do-
-do-
-do-
do-
-do-
“~do-
-do-
’ -do- -
e
-do-
-do-
-do_
-do-
_do;
_do_
-do-
Indian Army
_do-
-do-
-do-
-do-
-do-
-d0-
'dD_
-do-
-do-
Indian Navy
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
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. Member C K “0” D Sebastine -do-

. Member CK*“0” CV Gopal -do-

. Member Wg. Cdr. R S Tandon Indian Air Force
Member Wg. Cdr. R D Madhok o -do-

. Member Wg. Cdr. V Natarajan -do-

. Member Flt. Lt. Ajit Kumar -do-

. Member Fit. Lt. VM Khanna -do-
Member Fit. Lt. N M Rai -do-

. Member Sq. Ldr. K I Trivedi -do-

. Member Cpl K N Mandal -do-

. Member Sgt. Joseph Mathew -do-

. Member Sgt. Vishwakarma -do-

. Member Sgt. S B Gupta -do-

. Member Sgt. A B Jagdev -do-
Member Sqn. Ldr. S K S Puri Armed Forces Med. Semce

. Member Major B K Singh -do-

. Dy. Ldr. Lt. Col. § S Sharma Defence Research &

- and Development Organization

Stn. Comdr.

. Member Dr. S R H Rizvi India Meteorological Department,

Pune
Member Shri S G P Matondkar National Institute of
Oceanography, Goa

"Member Capt. RR Sinha Indian Army
Member Capt. Ram Kumar -do-
Member Nb Sub S Joseph -do-
Member Nb Sub VS Rana -do-
Member ‘Hav Padmanabhan -do-
Member L/Nk S Thambi ~ -do-
Member L/Nk S Sadekar -do-
Member Capt. Parmyjit Singh v -do-
Member Sug. Lt. Com. Aloke Banerjee ~ Armed Forces Medical Services.
Member Lt. Cdr. N P Singh Indian Navy
Member Mr Karl Kesseler M/s K Kassbohrer, F.R.G.
Member Mr. David Williams M/s Structaply Ltd, U.K.

) INDIA JOINS THE ANTARCTICA TREATY

Iver since the first Indian expedition returned from Antarctica, the Government of Indla
. been considering the various implications of joining the Antarctic Treaty. After

efully evaluating the various advantages and disadvantages, a decision was taken that jt

1ld be desirable for India to accede to the Antarctic Treaty. Thus an Instrument of
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Accession signed by the President of the Republic of India was deposited with the
Depository Government, the United States of America in Washington D.C. on 19
August 1983 and India became a member of the Antarctic Treaty.

" 'The salient features of the Treaty are :-

:'(a) that Antarctica should be used for peaceful purposes only and that all mlhtary activities

= should be banned in Antarctica;

?(b) that Antarctica should be a totally nuclear-free zone and that no nuclear tests of any
kind should be permitted there;

(c) that cooperation and exchange of 1nformat10n in: screntlﬁc research should be
encouraged;

(d) that protection should be given to the vulnerablc natural envrronment of Antarcuca,

(e) that all territorial claims should be frozen in Antarctica. :

The decision by Indiato jointhe Treaty was largely based on the following considerations :-

(i) that India would be able to exchange scientific information with other members of
- the Treaty and thereby enhance its analytical capabrlmes
(u) that if elected, India would-be able to participate in the meetmgs of the Consultative
" Committees and in doing so will effectlvely project her own views as well as those of the
non-aligned countries of which India is presently the Chair-person, and - :
(m) that India will be able to part1c1pate in the ongomg .discussions on the resources of
* Antarcticaand ensure that any regxme setupisin harmony with India’s overall policies
: and objectives.

»INDIA ELECTED AS MEMBER OF ANT ARCTICA CONSULTATIVE COMMITTEE

Dn 12 September 1983, that is within one month .1FLcr accession to 1hs Tn,ar}f at the
Fifth Special Consultative Meeting of the Antarctic Treaty held in Canberra. the
Natifications of India on its entitlement to participate as a full Consultative Member in the
Consultative Meetings of the Antarctic Treaty, was considered. The 14 representatives of

. the Consultative Parties namely Argentina, Australia, Belgium, Chile, France, Federal
- Republic of Germany, Japan, New Zealand, Norway, Poland, Republic of South Africa,
1FK., U.S.A. and USSR, acknowledged by consensus that India has adequately fulfilled .
ﬂ-réqUiremean established in the Article IX, Paragraph-2 of the Antarctic Treaty and as.
fsequence, the country was entitled to kecome a Member of the Consultative

leurnuc Tmaty .md consequently Indm 5 JmagL and prestige was cons:derahlv cninnctu

el the international COMMunity.
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(VD) INDIA ATTENDS XII ANTARCTICA CONSULTATIVE TREATY MEETING :
A delegation of India participated in the XII Consultative Committee meeting held in
Canberra, Australia from 13 September to 27 September, 1983. 7
The XII Antarctic Treaty Consultative Committee Meeting began on 13 September

1983. India participated for the first time in such a meeting. The meeting was also attended i
by delegations from the Acceding States which did not hold censultative status.

- — o =

4. DEEP SEA POLYMETALLIC NODULES-THEIR EXPLORATION AND

USEFULNESS TO INDIAN SUBCONTINENT.

The increasing population growth of the world has prompted the scientists from all over
the world to seek new sources of raw material and food. Today, we are looking formore and
more resources. into the vast oceans, to satisfy our rapidly increasing demands for food,-
‘reshwater, minerals and energy. India and many other countries are already exploiting oil,
gas and other valuable minérals from the sea floor.

The ocean floor is known to contain very large deposits of minerals, some of which are of
zonsiderable economic importance. The exploitation of several of these has already started

n many countries including India. :
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(b) India’s interest : : '
Today India exports significant amount of manganese ore but this situation may not last
for more than 25 years at the present rate of world production and consumption. The
position with regard to nickel, copper, cobalt is also not satisfactory. A large portion of the
country’s requirement of copper and almost the entire requirement of nickel and cobalt are"
imported. The UN studies ulso indicate thatland reserves of manganese, nickel, copper and
cobalt are modest as compared to the potential reserves found in the polymetallic nodules.”
It is with this background that efforts were initiated in the country by the Department of -
Ocean Development and CSIR for a systematic scientific study of polymetallic nodules and
their resource potential e C o '
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The Indian research ship, R. V. Gaveshani during a cruise in the Central Arabian ‘Se"
Basin made an important beginning by collecting the nodules from the deep sea. It was

(d) Mining of polymetallic nodules

Several methods, based on dredging techniques, hav
from the deep sea. Of these, the follow

(i) Hydraulic system ‘
(i) Alr lift system L ‘l
(iii) Continuous line and: bucket system '

Mining of nodules from the seabed involves a number of problems which are to be
evaluated very carefully.

e been used for mining the nodules
ing three are known to be economically important.

During large scale mining, the water masses are likely to move in all directions thereby "
stirring and redistributing the sediments on the ocean floor. For environmental protection.
itis necessary that the ocean floor should not be disturbed too much so that the growth of the
nodules may continue. It is also necessary that careful assessment be made for the

technology to be used, risks involved in the mining operations and the total cost of the
complete operation,

The Department is finalising a comprehensive project for the survey, mining and
netallurgy of polymetallic nodules including the economic feasibility of the project.

India, having foreseen the potential in this field, has concentrated its R & D efforts to 4
dvance our knowledge and develop the required expertise during this decade. A large
wmber of laboratories and organisations having complementary skills have been involved in
he gigantic task of software development and prospecting
Jcean. As aresult, India is the only developing country in the world which has been named
‘Pioneer Investor” along with three other developed countries and seven multinational
onsortia, by the Third United Nations Conference on the Law of the Sea. This will entitle
adia to register with the Preparatory Commission (Prepcom) of the International Seabed °

withority for the exploitation of nodule resources which are beyond the territorial or
>onomic limits of any country.

for the resources in the Indian :

e ki

We have recently completed the survey and have located a suitable “Pioneer Area’ for
‘gistration with the Prepcom. An application on behalf of the Government of India has
ready been submitted to the Prepcom forregistration of the pioneer area in the name of the - 4
epartment of Ocean Development which has been appointed by the Government of India
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A single dredge haul of polymetallic nodules weighing several kg from the Central Indian




as the “Pioneer Investor’’ During the year, further extensive surveys at closer spacings have;
been carried out and some environmental data have also been collected with a view to}
defining the parameters for the design of mining system and for the development of!
improved prospecting techniques. The survey work involved about 900 ship days. This is:
likely to be continued further during the coming years, as the collection of environmenta[;
data would be necessary even after the mine site has been allotted to us by the Prepcom.;

Samples of polymetallic nodules, collected during the year, have also been analysed and aj
laboratory scale method has been attempted for the efficient recovery of metals from the.
nodules (copper, nickel and cobalt). The results obtained so far are required to be furtheri
pursued at a pilot plant level, before developing a commercial scale plant design. As our
current knowledge indicates, the process plant is likely to cost about 65% of the total annual
operation cost of the scheme and hence optimising the recoveries and minimizing the|

operational costs for the process plant are of paramount importance.

Technologically, the ‘rn»ostvcritical area in'bu'r d‘evelopm__en.talgeffqrt is the design of the}
collector used in' thé mining system. The collector system is required to :

(2) ride on the surface of the ocean floor, penetrating only slightly into the sediment, whichi
may have variable properties;

(b) pick up the nodules imbedded in the sediment at an effecient rate

(c) separate the nodules from the sediment and get rid of as much silt as possible,
thus increasing the efficiency of the vertical transport system; and

(d) feed the material to the entrance of the vertical lift system.

Basically the functions of all the systems designed in the collector mechanism have to bei
highly reliable because of the remoteness of the device. Lifting systems require sufficient:
power and have to work at depths and at great hydrostatic pressure, and under variable:
seabed-water interphase layers and with variable current speeds in different layers of the
overlying water. A 1000 HP electric motor required for the hydraulic lift system at a depth
of 1000 metres will require a cable of the thickness of human arm. The complexity of these:
systems, therefore, requires an extensive R & D effort to make an inspection of the various ]
developments already available on the international scene and to expedite the development:
of the most efficient design. Efforts in this direction, planned to be undertaken during thd}
next few years, will prave to be most valuable. :
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$ submersible allows the scientist to undertake measurements-and to accomphsh the various
§ types of work in excellent and safe conditions. ~

b The Department has, therefore, considered the feasibility of acquiring a complete design,
§ fabrication and operation of submersibles. Action has already been initiated to acquire one
- submersible to be manufactured abroad with full participation of our engineers in its design
-and fabrication and to manufacture the second submersible .in: India with our trained
rgineers with the overall guidance and supervision of the collaborating agency. As per the
lans envisaged, the first submersible should become available in the country*in 1985.

India’s contribution in the meetmg of Preparatory Commission of Intérnational
abed Authority:

resumed Session of the Preparqtory Commission was’ held for four weeks at
gston Jamaica from |5 August to 9 September 1983. The agenda of the session
luded the adoption of the rules of procedure of the Prepdmmr} Commission, the
n}gﬂmﬂtmn of work and the consideration of matters contained in Resolution Il relating to
= Pioneer Investors. The Commission was also required to finalise the structure of the
£ ﬂ;epa:dm.» Commission, the composition of its general committees, the structure of ail its
s@rgans and the election of its officers.

“The Preparatory Commission also elected officers for the plenary and the special
gmmissions. India was ¢lected Vice-Chairman of the Commission,

5 WAVE ENERGY AND RELATED ACTIVITIES AT THE OCEAN
- ENGINEERING CENTRE , [IT MADRAS SPONSORED BY THE
DEPARTMENT OF OCEAN DEVELO PMENT

‘e energy potential for the Indian coast is not as high as in the countries located in the

n latitudes. Therefore, a wave energy system purely to generate electricity from the

ay not be commercially viable at least in the near future, However, there are many

nefits that may arise by regulating the waves. A multipurpose wave regulator.
| has been proposed with the following objectives :

dbsorh the energy of the waves by providing a long wave barrier and to convert the
to electricity.

long barrier results in a calm pool between the barrier and the shore and this pool
be used as ;

natural harbour (ii) space for aquaculture (iii) space for coastal transport using
" Crafts,

5 ha wave absorbing system provides shore protection against erosion by the waves.
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Because of the multi-functional aspects of the wave regulator system (WRS), such
system has to be not very far from the shore. It is being proposed to place this system at 4
water depth of about 10 metres, which occurs at a reasonable distance from the shore. Suck
locations exist off Madras and at many places along the Indian coast.

A project entitled ‘scientific investigation of the wave climate, wave regulation and
power has been sanctioned by the Department of Ocean Development for a penod of 3
years from July 1982.

The major aims of this project are :
(i) to gather systematic data of the wave climate off the Indian coast;
(ii) to study the various possible designs of wave energy devices, and
(iii) to select the most suitable system for the Indian conditions and suggest a suitable

design for its installation at a specific site off the Indian coast. Ten scientific officers
are at present working full time on this project.

After preparing a detailed state-of-art report on the wave energy devices and systems;
models of three wave energy devices were fabricated and tested. These are (1) oscillating
water cnlumn wstem (2) single float system and ( 3) a double float system. Model tests werel

| i
conducted in

e 2m wide regular wave flume and in the 4 m wide random wave flume of the

Ocean Eng ing Centre, IIT, Madras. After the preliminary experiments, the wave

ergy group has decided that the oscil vater column [QOWC) system is most hikely 1]

he best device for application of st. A bottom standing OWC svstem :ﬂu.!'_

I5 isfy the mult nctional proposed - |

1

In the meantime, & workshop on the ‘utilisation and regulation of waves' was organisecdy

at the 11T, Madras from 14to | "-fl ireh 1983 with the assistance of the British Council andf
the Department of Ocean Development. Three ocean energy '-"'-i"-"--" from the United

Kingdom viz. Prof. A. Long, MI S. Salter and Mr. 5. Elliot and several r ""'I"‘-':.'\'

from the various organisations in India participated. The discussions in the workshop led tqj
the same conclusion that the bottom standing OWC system is likely to be the most suitable

for the Indian coast. It is still to be decided whether to use the Wells turbine or a Francisg
type of turbine for the power take off mechanism. A narrow flume with a random wave! :
generator for testing sraall models in 2 dimensions is being designed. g

(a) Progress in the development of oscillating water column system.

A2mwide terminator type oscillating water column(OWC), made of wood was installed
in the 2m wavé flume of the Ocean Engineering Centre, IIT, Madras. The experiment on thisil
model gave preliminary ideas-on the amount of air available for driving the turb1ne§

and the pressureriseinthe OWC chamber. The air flow measured using the arifice plate i
installed in the vertical pipe.

Based on these preliminary results on the wooden model,Aa steel oscillating water column'§
system has been fabricated. The model is one metre wide and 1.5 m in length in the normal
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nd when placed along the direction of the waves. This model is being currently tested in the
b random wave flume. The twin flap random wave generator is shown in the picture. The d
& flume is 45m long and 2.5m deep. The maximum wave height that could be generated is.
t 0.35m. This steel oscillating water column models suspended from the top steel
s in the 4m flume is also shown in the picture. The main objective of this experiment is
b find the optimum length of the device for a given wave length and to find out the optimum
i tput from the OWC for a given wave climate. Pressure {ransducers and wave gauges are
led inside the OWC to measure the pressure rise and wave height inside the system.

“The differentiated output of the wave height multiplied with the pressure transducers

Sulput gives directly the energy output of the device. The necessary wave gauges and the:
plificr circuit have been fabricated in the Ocean Engineering Centre. One ‘demonstra-
n miodel of the self rectifying air turbine for the OWC system has also been fabricated.
as a model of 100 mm diameter air turbine with its rotar. The complete modal was
gated in the IIT, Madras. Bigger turbines for the experiments are also under fab~
ication. Computer work is also under progress for optimising the shape of the OWC,

 ARRIVAL OF SAGAR KANYA IN INDIA

ar Kanya is one of the most modem oceanographlc research vessels in the;world
It has full capabilities to work in the field of marine biology, marine geology,
al and physical oceanopraphy and meteorology. It has thirteen laboratories spread
four decks. The ship s about 100 metres long and more than 16 metres in breadth
gross'tonnage of more than 4 thousand. It can attain a maximum speed of about 14
‘and is equipped with stabilisers which make it a very confortable ship to work on
thc: worst of monsoon weather: Equxpped as the shlp is wzth bow thrusters and i

t has an excellent manueuvrablhty '

*Kanya was built by M/s, &
LIt was completed in 19 m
ent on 25 March 198
on work carried out earlier
dian subcontinent and in :
geological structure sndlSecces=———>-—-——-----------—
e rocks. The ship reached
four scientific cruises.

rKanya is designed to atc— —— —
tans; There are two galleys, t— :




The oceanographic research vessel “SAGAR KANYA™ of the
Development which arrived in India in June 1983,

Department of Ocean




ne sports room, a conference ropm, hospital and a medical attendant’s room. The entire
hip is alr-condmoned

Seven senior occupants have separate apartments, consxstmgof a day room, a bed room
"d a bathroom each, and some are provided with refrigerators. Officers and engineers have
lombined day/bed rooms : petty officers and senior ratings have also combined day/
bedrooms. Some of the rooms contain two bunks in double tier.

- Two fresh water generators have been installed in the ship to produce 40 cubic metres of
sh water in 24 hours. Drinking water goes through filters and the ship produces enough
ater todrink and for its use inthe generators and laundry. Its waste water purification plant
s 1aid out for 100 persons and utilises biological process for purification.

' The operations centre of the ship is the bridge. All instruments needed for navigation and
manoeuvre are located there. These include a visual radio direction receiver, two echo-
ounders, an electromagnetic speed log, a gyro compass, and electronic automatic pilot etc.
also has satellite navigation systems with a navigation computer mterphased for research
. A radio station, complete with marine radio telex and teleprinter equipment, is also
ailable. There is a combined intercom-talk back system- w1th 30 extensmns and an
matic telephone system with 50 extensions.

arious equipment and systems are available to scientists on board to sample the strata
f the sea bottom, of surface rocks, sediments, plankton, fishes etc. It carries devices to take
various oceanographic meéasurements and also to make motion pictures. It has various
V'ng devices and winches to lower and hoist various instruments as far out from the ship as
sible so that they are not hindered by the ship’s motion, currents and propellors.
Gallows, cranes and jib boom are designed to operate clear from the ship sides. The
ydraulic gallows have a lifting capacity of 22.5 tonnes. The central crane has a hoisting
ver of 6 to 8 tonnes. The jib boom is designed in such a way that things can be lowered
yor lifted out of water without any difficulty. At an outreach of 3 metres, the jib boom has
i _ﬂ]II icity {o handle 22,5 tonnes. A deep sea cable, 10,000 meire Jong and of 18 mm diameter
Uiis over the jib boom. There are various kinds of winches to suit various types of obser

\ atmnn.

Eath year the Indian sub-continent faces the monsoan and sometimes tropical eyclones.
monsoon is of utmost importance to Indian agriculture and economy and the monsoon
Elﬂll!nﬂmq_nnn must be studied extensively hy the Indian scientists. For this purpose a
tm':'-teumluglc:di laboratory has been provided on A" deck of Sagar Kanya. It records all
f*ﬁhmﬁt-sk;nhvtlw sensors installed in the ship itself; or by the buoys and balloons launched
m.the ship.-Data thus collectad are printed out by the computers on board -In-additiento
Hlts there is an APT Receiving Unit to receive fascimiles transmitted by the weather
%ﬁ!l]!:tm Signals transmitted by an anchored buoy. 50 km away, can be received on board
SHIESShip

“The second meteorological laboratory is on *'B” deck. It has the wind-weather radar
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controls. The costliest scientific appliances on the ship, the radome is controlled from he
A globe of fibre glass reinforced with plastic, of 5.8 metre diameter protects an 18 fe
radar-mirror in the radome. Tt can both transmit and receive signals. It allows the projectio
of all kinds of precipitation and measures cloud and precipitation densities. The radar
fitted in such a way that its direction 5 never affected by the ship's motion, The radome alsdl

helps in tracing the weather balloons sent from the ship and records the data transmitt
from them.

Sagar Kanya can collect all types of data related to seismic, mannometry an
gravimetry, Its 24 chanpe] digital seismic equipment can provide information about th
deep-seated sedimentary layers of the sea bottom. A chemical laboratory is provided with z
salinometer, a thermosalinograph an auto-analyser and other equipment.

With all the above facilities and sophisticated equipment and systems on board, Sagar
Kanya adds immensel ¥ to the oceanographical research capabilities of the country, Th
data collected will be of immense benefit in mapping the living and non-living resources in
India’s Exclusive Economic Zone and in the deep sea. ;

7. CRUISES OF SAGAR KANYA

{a) Cruise |

Leader of the cruise : Dr. V.V.R. Varadachari

Area of operation : Baltic Sea.

Port of Embarkarion : Lubeck {Travemunde)

Port of Disembarkation : Lubeck ( Travemunde )

This cruise was multi disciplinary in nature and was undertaken totry out all types o

oceanographic instruments on board. The cruise was initially intended for the Germang
shipyard and the supplier and manufacturers of the various equipment installed in the shi
to test and commission the various instruments. The operation of 4l the instruments was
dane in the presence of Indian scientists on board. The total duration of the cruise was 4
days. The ship left on 28 March 1983 and returned to Lubeck (Travemunde) on | Apri
1983, The performance of all the instruments, equipment and systems was very carefull
watched and as and when any short-comings were noticed, these were fully rectified. {

(b) Cruise 2

Leader of the Cruise : Dr. T.8.8. Rao,
Port af E mbarkation : Lubeck {Travemunde)
Port of Disembarkation Malta
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Objective of the cruise :

This cruise was undertaken totest once again and try out the various instruments both
shallow and deep waters and to collect oceanographic information from the Bay of Bisca
and also from the eastern Atlantic. Studies on the circulation and water exchange from th
Mediterranean through the Strait of Gibraltar were also carried out. Oc eanographi
observations in the Western Mediterranean also formed a part of the cruise programm

Details of the work carried out :

Bathythermographs, hydrographic casts, plankton nets, various types of sampling bottle
corers and grabs were operated at every station during the cruise.

All instruments on board were thoroughly tested. These included multi-channel aut
analyser, AAS, navigational equipment, computer ele,

The track of the cruise 2 is shown in the report.

(¢} Cruise 3
Leader of the cruise : Dr. T.8.8. Rao
Port of Embarkation - ‘Malta
Port of Disembarkation Bombay/Goa.

mentation.
Objectives of the cruise :

the Suez Canal and the Strait of Bab-el-Mandab were also studied.
Details of the work carried out during the cruise :

During the cruise, there were 12 participants from the National Institute of Oceancgraph
8 from other Indian agencies and 12 German scientists,
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The ship left Malta on 13 May 1983 and reached Bombay on 24 June 198 3, and Goaon
27 June 1983.

Bathythermographs, hydrographic casts, plankton nets, different types of sampling
bottles, corer and grabs were used at every station during the cruise. CTD system was
operated at all the deep stations. Magnetometer, seismic instruments and thermo-

Red Sea:
ORYV Sagar Kanya did a detailed study of the circulation in the Red Sea by collecting
hydrochemical data along the central axis at 40 miles interval through its entire length. The

results have revealed that nutrients are low in the Red Sea in comparision with the Arabian
Sea.

higher values than those collected from the buoy.

Arabian Sea (North-Western area) :

By far the most interesting and important results have come from the meteorological
studies in this area. The results have clearly shown that the onset of the Indian S.W.
monsoon is preceded by the development of easterly winds in the atmosphere from the sea-
level upwards.

The geophysical survey carried out both at the Owen Fracture Zone and the Carlsberg
ridge around the area 2° to 30°N and 63° to 64° E revealed the well established classical
pattern in the distribution of magnetic anomalies characteristic of the rift valley systems.
This is perhaps the first time such an excellent result was obtained from the Carlsberg ridge
by an Indian research ship. Manganese nodule was also obtained at a position 50° 42’ or and
65°00'E and this is perhaps the nearest nodule site from the Indian coast.

During the cruise 122 XBT’s were taken as part of the IGOSS programme,

Summary of work of the maiden cruise of ORV Sagar Kanya from West Germany to
India =~

Number of days of the cruise from Germany to Bombay : 74
‘Total distance covered : . 10846 nm or (20088km)
Number of stations occupied : : 220
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Number of scientific operations/experiments 443
Number of Indian scientists/technicians 16
‘Number of German scientists/technicians 16

“The track of the trial cruise 3 is shown in the report.
- Cruise 4 -

Leader of the Cruise : * Shri L.V.G. Rao
Port of Embarkation : Marmagoa.

Port of Disembarkation : Marmagoa

Port of Call : ' Mombassa (Kenya)

- This cruise was multldlsmplmary in nature involving physical, chemical and biological
goceanography and marine instrumentation. .

'Objectlves of the Cruise :

 'to carry out monsoon experiments,

to study upwelling and also

to-study environmental parameters

Durmg the cruise, 24 scientists and 8 technicians part1c1pated

" The total duration of the cruise was 53 days. The cruise left on 12 July 1983 and arrived
’sack to Marmagoa on 2 Sept., 1983.

"Bescrlptlon of the work carried out during the cruise:
~During the cruise, studies were carried out in the western Arabian Sea partlcularly inthe

upwellmg areds off the Somali Coast by conduct1v1ty, temperature, currents, nutnents and
;productivity. : :

Two scientists from the Kenya Marine and Fisheries Research Institute partxcxpated in
second part of the cruise. They were trained in the collection of oceanographxc data

ome of the salient features observed during this cruise were :

a surface temperature of less than 26°C was recorded in the sea’ off’ the coast of

ast Afncan coastal currents have speed upto 80 cm/sec off Lamu (northern part of the

Kenya coast), and low level jet with speeds upto 50 kriots at about 1.5 km height was

ETeCordad in the atmosphere. The track of this cruise and the stations worked have.been
| .5hown in the report.

{ﬂ'_l Criises 5 Sand 6: )
Al the time when this annual report was sent to- the press, two more cruises of Sagar
“have been completed The details of these crulses are awaited.
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8. PROGRESS ON THE NEW FISHERIES AND OCEAN OGRAPHIC
RESEARCH VESSEL (FORV) FROM DENMARK

Another sophisticated Fisheries and Oceanographic Research Vessel (FORV), is being
acquired from Denmark at a cost of about Rs 15.29 crores. This ship is being financed by a,
soft loan under Danish assistance and the ship is hkely to be- ehvered by the en of 1984

(——-_\——*- .

Important drmensmns of the vessel are as follows :

(a) Length overall : 71. 50 metres
(b) Breadth moulded : 16.40 metres
- {c) Depth to frecastle deck =7 +:11.70 metres
(d) Depth to main deck : 9.00 metres
(e) Depth to free board deck : 6.40 metres
(f) Weight : 800 tonnes.

The vessel will be capable of carrying out marine fishery research including blologrcal
physical, geological and chemical oceanographic observations asits major disciplines. It :
will be stabilised and will be capable of all weather operations including the monsoons for
unrestricted international voyages. Its normal operation will be the different. parts of the
Indian Ocean region down to 60 degree south. The ship has been ice strengthened ‘and
therefore it can operate in Antarctic waters.

CHARTERING OF SHIPS

The Department had chartered several ships from abroad to continue with 1ts programme
of ocean development. The vessel chartered during the year were : -

(i) M.V. Skandi Surveyor:
.. This ship was used for the survey of the polymetalhc nodules in the central Indian Ocean

It was chartered from P/R Oekland and Co.. Torangsvaag, Norway.
: i) M V. Farnella : -

hip has been chartered from M/s. J. Marr & Sons Ltd., England. Thls vessel has
ed for the survey of polymetallic nodules.

(i) T—mnpnl 1ris

this ship has been chartered from O.Y. Finnlines Ltd, Finland for undertaking the third
Indian expedition 10— ——————— lncertakin

10 MANPOWER PLANNING
With the arnval of research vessel Sagar Kanya, the demand on the'existing manppvﬂ

—
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ill increase considerably. Moreover, another vessel, (FORYV) being built in Denmark is
tely to join the above fleet by the end of 1984. K

Exploration of the Exclusive Economic Zone (EEZ) and the deep sea areas including
e rich Antarctic seas are of much interest to India to meet the growing demands for food
d minerals during the next two decades. Remote sensing of ocean parameters is anothe;
ry promising area for development. Apart from the above activities, equal emphasis has
be laid for the development of the centres of excellence in basic oceanographic research.
1erefore, it is very necessary to strengthen the much-needed research facilities in all the
:as of ocean science and technology. Research and development activities in the field of
san sciences would require at least 1000 additional competent scientists and engineers
the next 5-7 years. This additional scientific manpower will have to be supported by
*quate infra-structure and administrative facilities. This would mean that we must have
npower planning for at least 100 to 150 scientists per year. It is, therefore, necessary tc
€ a serious thought to the deyelopment and training of manpower in the highly diversified
ds of ocean science and technology in the country. o '

lhe Department of Ocean Development has undertaken a programme of manpower
aning to meet the growing requirement of its programmes of ocean development. Each
ject requires trained persons in different disciplines of oceanography to meet the growing
ds in each marine sector. Therefore, a large number of scientists, technologists and
ineers will have to be trained in the country.

here are several institutions and universities in the country which can take up training
rammes. Several universities and IITs have started programmes in ocean science.
to meet the required number during the next few years, the training in ocean science
have to be increased in all the institutions which have interest in marine science.

he Department has provided extra positions of scientists, technicians. to several
tutions during the year.

wo methods are being tried for developing and increasing the trained manpower. In
smenting both'these methods, the basic opportunities in the universities and'in technical
ation centres are also being strengthened. ‘

n-house training :
s is being undertaken in scientific institutions.

_ganisations like CSIR, ICAR, Ministry of Agriculture, BARC, GSI, Indian Navy and
hant Navy will be used for the in-house training to suit specific requirements. No
1 where the R & D programmes are undertaken in ocean science and technology, the
ation of ship-board facilities and orientation course in ocean science should be deemed

most basic and these should be implemented in the already existing training centres
» CIFE; IIT, etc.) ’ ‘ ; ‘
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(ii) Fellowships and research associateships programme :

The second method has been the award of a number of fellowships and research
associateships to about 125 persons per year in different centres, universities, central
organisations, which are involved in marine-oriented work. The fellowship scheme has
certain distinct advantages as nomajor mstltutmnal setupis requn'ed for this purpose. The
award of these fellowships can be done on a more broad-based scheme covering the entire
country. The existing centres of excellence can be used. to take new fellowships in
specialised branches of marine science and technology. One of the 'goals of this method has
been to devélop a reéservoir of young scientists with Ph.D., and Master’s degree in different
fields, from where the scientists could be drawn as the potenttal future marine scientists in
specific mission-oriented work on research vessels in the Exclusive Economic Zone, deep
sea and the Antarctic programmes. Another advantage of such a réservoir of scientists is
that they have their roots in various institutions from where they will be drawn for specific
work and they will continue to carry out their work in their parent institutions.

Both the two methods are being implemented by the Departrent and the response
towards the fellowship and research associateship scheme by the various institutions has
been extremely rich and enthuSIastlc and1i many fellow andresearch associates are already
in position. ;

11 FORMATION OF OCEAN COMMISSION

During the year, the Department evaluated the various options available for implementing
the various programmes of ocean development. The Indian Institute of Management,
Ahnmdabad was asked to glve a detailed report on the structure of the Ocean Commission.
The study was carried out in greater detail after consulting the various agencies and the
te of Management has subrmtted a detailed report to the Department. The

'studymg the report and is in touch with other organisations which are
missi n—hke structure The Department will be able to ﬁnahze a proposal for

Gov > ‘eyehe fles was initiated for the exploratlon for seabed resources and poly-
me s in the waters of Seychelles: The Government of. Seychelles requested the
Departmeiit of Ocean Development to prepare' d general bnef on the type of cooperation
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suld be offered. The following areas of cooperation were identified by the
ment.

ining of experts of the Government of Seychelles in conducting the survey of EEZ of
Z of Seychelles as well as of polymetallic nodules,
sutation of suitable techﬁical/technological personnel from India to Se
it surveys in the EEZ of Seychellas and of the high sea, and

ing up of an appropriate research and survey organisation in Seychelles.

& were conveyed to the Government of Seychelles through our High Commissioner.
nister for Planning and External Relations, Government of Seychelles requested for
patch of an Indian mission for preliminary discussions and finalisation of

ments for the collaboration. A four member delegation visited seychelles from 24
28 July 1983. '

ychelles,

sentation was given by the [ndian delegation indicating the expertise developed by
the field of oceanography and the facilities it could offer to the Government of
les. It was indicated by the Seychelles side that in Seychelles there was
-able shortage of trained manpower. As such, it would be difficult for them to avail
tining facilities in India. The Government of Seychelles was, however, keen that a

e carried out to locate polymetallic nodules and other resources in their EEZ and
ling waters.

isit of the Indian delegation was followed by a visit of a senior officer from
es to Goa who visited the National Institute of Oceanography and held discussions .
scientists. In November, 1983 the Foreign Minister of Seychelles visited the
Institute of Oceanography to finalise the arrangements of collaborations.

rovernment has decided that in March, 1984 R V. Gaveshani shoﬁld visit
’8 to carry out the proposed survey work.

aboration with Mauritius :
- request of the Government of Mauritius a seat was offered to Mauritius to
e in the second expedition to Antarctica. This however, could not be availed by

wse of the shortage of trained persons there. Mauritius has intimated that they will
1 invitation by India at a later convenient time.

-Sri Lanka co-operation in ocean research : ‘
sation from Sri Lanka visited the Department of Ocean Development and had

Iscussions with the Secretary and other senior officials of DOD and CSIR (\NIO)

the co-operation between India and Sri Lanka in the field of research and
ent in marine science.

sult of the discussions held, two scientists from Sri Lanka participated in c;ruise
V. Gaveshani in the Bay of Bengal. These scientists were trained in taking
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observations on different aspects of oceanography. In physical oceanography, they are
trained in carrying out measurements of currents, temperature, humidity, pressure, wind
direction and wind speed. In biological oceanography, they worked on primary productivity,
zooplankton collection and preservation and microbiological studies. In chemical oceano-
graphy, they carried out work on the analysis of nutrients such as mtrate, nitrite, ammonia,
phosphate and dissolved oxygen. v

“'One research officer from Sri Lanka participated in the ‘International Training
Programme on Marine Resources Management and Conservation in the Indian Ocean and
Ad_]acent seas, held at the National Institute of Oceanography, Goa. The training

: was funded by the Department of Ocean Development Intemauonal
'te -Malta and several international agencies.

ao scientists from India were sent to Sri Lanka under the ITEC ‘programme to
development of marine science infrastructure and institutional facilities in Sri

i The Indxan Research Vessel, R.V. Gaveshani paid a goodwill visit to Colombo during
the year and this gave an opportunity to the scientists of Sri Lanka to visit the vessel and
look at its capabilities for carrying out multidis¢iplinary work in oceanography.

A delegation from India attended a “‘Conference on the Development of Marine
Resources, Science and Technology in Colombo™.

13. MARINE RESEARCH AND DEVELOPMEN FUND

(a) Assistance to institutions :

During the year, the Department has prov1ded assistance to a large number of
organisations and universities in the country for holding sympos1a seminars and
workshops on marine science and related subjects.

The universities and organisations which were given assistance during the year 1983-84
include :
. Central Water and Power Research Station, Pune.
. Centre for Advanced Studies in Botany, Umver51ty of Madras.
Association of Exploratlon of Geophysics, Osmania University, Hyderabad.
Department of Bio-sciences, Saurashtra University, Rajkot.
. Indian Institute of Technology, Madras.
Central Scientific Instruments Organisation, (CSIR) Chandigarh.’
Centre for Water Resources Development & Management, Kozhlkode
International Congress of Genetics, New Delhi.
Indian Fisheries Association , Bombay
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[ndian Historical Congress, New Delhi.
National Institute of Oceanography, Goa
Coastex Saahil Yatra, New Delhi.

e subject on which assistance was provided included ocean engineering, instrument-

, geophysical problems related ‘to ocean sciences, blometeorology, ecology, metereo-
mariné algae, etc.

ixhibition on ecean and its resources :

: Department of Ocean Development, in collaboration with the Jawaharlal Nehru
srial Fund, organised an exhibition onthe theme “Ocean and its Resources” at Teen
House, New Delhi from 14 to 20 November, 1983. The inauguration of the exhibition
ded, New Delhi with the birth anniversary of Pandit Jawaharlal Nehru. The organi-
s which took part in the exhibition were the National Institute of Oceanography, Goa;
ntral Salt & Marine Chemicals Research Institute, Bhavnagar; the Physical Research
atory, Ahmedabad; the Central Institute of Fisheries Education, Bombay; the
1al Council of Educauonal Research and Trammg, New Delhi; the Oil & Natural Gas
tission and the Indian Navy.

«ddition to the above organisations, the National Book Trust of India displayed a
y of books. Shri R.P. Sharma from Jaipur, a private collector of photos of the Nehru
~ also participated and displayed photos on the life of the late Prime Minister
arlal Nehru and pictures and other information he had collected since his childhood.
ati Indira Gandhi, Prime Minister of India was present at the inaugural function.of the
tion. The exhibition was inaugurated by Shri Shivraj V. Patil, Minister of State for

Development. The Prime Minister in the company of several Ministers an distin-
d scientists went round the exhibition.

main purpose of this exhibition was to create an awareness about ihe sea and its
:es in the capital so that'interest among the people of India and speciallyv among the
-going children and college students is generated and they become metivated to take
rine science or work on the technological innovations in the ocean sector T'1L

pture ﬁshenes

wricylture

le of estuarine and bracklsh water culture in rural economy
aweed resources of India

tential of food from the sea.
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ng Resources had the following well-defined themes :

and climate

from the sea

: chemicals _ : -
rater from saline water ’

ces from the sea bed

from the continental shelf and from the deep sea such as polymetallic nodules
ved using various types of charts and exhibits. A working model on the collection
ulic nodules from the deep ocean bed was a big attraction to the visitors.

1e theme living resources, there were functional models and exhibits on
.mariculture, brackish water culture and on how it could be used as an industry for
employment and extra food resources. Seaweeds also formed an 1mportant
their utilisation as food and for various industrial purposes. ‘

evant photographs depicting the two successful expedmons to Antarctica, core
lected from the Antarctic land mass, rocks of Antarctica and the model of the
srmanent Indian station to be set up at Dakshin Gangotri by the third expedition
yed. Film and video shows on the Antarctic expeditions and on other ocean
1t activities were also arranged during the exhibition.

er marine archaeology collections made by NIO, Goa from the continental shelf
generated a lot of interest among the dally visitors.

ir on oceans and climate:

ir on oceans and climate was organised at National Institute of oceanography
28-29 October, 1983, as part of the 53rd Annual Session of the National
f Sciences, India. '

nar was inaugurated by Dr. P. Koteswaram, former Director-General of the
wological Department on 28 October. Dr. S.Z. Qasim, secretary, Department
)evelopment, presided over the function. Dr. V.V.R. Varadachari, Director,
stitute of Oceanography, welcomed the gathering.

swaram in his inaugural address urged the scientists to make dedicated efforts
 the origin and development of the monsoons and their vagaries to facilitiate
-ecasts. He stressed the importance of observations over the oceans for
he progress of monsoon on a day—to—day basis and for estlmatm the amountof
noisture, that the monsoon winds pick-up from the ocear leaded that
sibilities of satellite observations should:be fully utilize ‘meteorologists
raphers to improve weather prediction. He suggested tha IM D should work in
vwith DOD and that a “National Commxttee for Oceanic and Atmospheric
hould be established soon to co-ordinate and encourage research activities in
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Dr. Qasim, in his presidential address, emphasised the influence of oceans on weather.
He touched upon the history of NIO and IMD and lauded the pioneering work done by
these organisations in oceanic and climatic studies. He mentioned about the recent Indian
expeditions to Antarctica and explained their importance in the context of the influence of
Antarctica on the weather and climate over India.

The inaugural session was followed by three technical sessions during which 8 papers
were presented by the invited experts from different organisations. The papers covered
various topics such as oceanic influence on monsoon and rainfall variability, climate and
satellite observations, modelling and weather prediction, etc.

As a continuation of the seminar, a poster session was conducted in the forenoon on 29
October 1983. Eleven papers on various topics, contributed by scientists from different
organisations were displayed and discussed at the poster session. The participating scientists
were from NIO, NPOL, IMD, 1ISc., SAC (ISRO) and PRL.
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14 BUDGET
PLAN

The budget estimate (BE) of the Department of Ocean Development for the year =«
1983-84 was Rs. 3200 lakhs, while the figures for revised estimate (RE) for 1983-84 are
Rs. 2340 lakhs: A budget estimate of Rs. 2244 lakhs has been made for the year
1984-85. A summary of the financial requirement is given below :-

PLAN (Rs. in lakhs)

Sl. No. Item RE RE#* BE _- o
1983-84  1983-84 1 984-8! ;_

CONTINUING SCHEMES
1.

Research expedition to southern Indian T00 585
Ocean and Antarctica

2. Oceanographic research 1100 1080
vessel (ORV)

3. Fishery and oceanographic research 50 20
vessel (FORV)

4. Other research vessels 300 —

5. Polymetallic nodules programme 260 a0

6. Studies on prevention of coastal erosion 25 15
and wave energy

7. Marine research and development fund 30 25

8. Manpower training for ocean research 20 5
and management

9. Other schemes 3 1

10. Other expenditure 12 9

NEW SCHEMES :
I. Remote sensing for oceanographic - —
data collection
2. National oceanographic information - -
system
3. Exhibitions, fairs etc: a —

3200 2340

. NON-PLAN

The non-plan component is required only for the secretariat expenses of the Departn

A provision of Rs. 26.75 lakhs was made during 1983-84 for this purpose. A provisi
Rs. 27 lakhs for the year 1984-85 has been made for the secretariat expenses.
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