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Figure 1
Indian Nuclear Facilmes
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The Indians claimed that the 1974 test was a PNE to study cratering and
¢racking effects on rocks. The plutonium for this test was recovered from a
rescarch reactor supplied to India by Canada under an agreement that
prohibits the use of the reactor’s plutenium for any military purposes.
Because any near-term test would have to use plutonium from this reactor,
it would almost certainly be called a PNE. ’

The Indian nuclear power program has been plagued with reactor mainte-
nance problems that have been magnified by repeated repairs to reactor
components and by the inadequacy of reactor operators in dealing correctly
with problems (and potential radiation hazards). As a result, frequent

reactor shutd rply reduced the electrical output of the nuclear
power plants. :

India has adequate resources and has mastered most of the fuel cycle
technology necessary to support its nuclear power program, India has
sufficient uranium reserves for at least the short term and is capable of fab-
ricating natural uranium and enriched uranium into reactor fuel. For
several years India operated a small plant for reprocessing research reactor
fuel. A much larger plant for reprocessing power reactor fuel is operational
and another is planned] ] :

~Top-Scerst— iv | I
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India has a solid base in nuclear research and industry. A large cadre of
nuclear scientists, working at several well-equipped research centers, covers
a wide range of theoretical and applied research topics. Also, Indian
industry is well equipped and capable of supporting most aspects of the
nuclear pmgram.t]

v Top-S5cret
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A multidisciplinary group of sclentists drawn from

other parts of BARC have been involved in research
on the laser isotape separation (LIS) method of ura-
nium enrichment. This group has succeeded in sepa-

rating sulphur isotopes using L1S but has not pro-
gressed boyond that level ]

Plutonium Recyeling Project, Another BARC project
is research in the recycling of plutonium for use in
mixed oxide (MOX) fucl, MOX, a combination of
oxides of plutonium and natural (unenriched) urani-
um, could be an alternative to the US-supplied ¢n-
riched uranium that has been used to fuel the power
reactors at Tarapur,

SC 00406{82
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for the FBTR (see next section). With the anticipated
cutoff of carichied uranium from the Uniled States,
the Indian scientists evidently were directed to shift

emphasis of their rescarc rcloning MOX fuel
for the Tarapur reactors

Q
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Calcutta Variable Energy Cyclotron

The newest major facilivy for nuclear physics rescarch
in India is a particle accelerator——the variable encrgy
cyclotron (YEC)—~localed in the Salt Lake area of
Calcutia, The Indians consider the accelerator a
particularly satisfying scientific achievement, because
they constructed it without forcign assistance. The
cyclotron is capable of aceclerating protons to cner-
gics from 6 to 60 million clectron volts (MeY),
deuterens to energics from 12 to 65 McV, and alpha
particles to energies from between 25 to 130 MeV.
The VEC was commissioned in Junc 1977 with much
fanfarc, but did not start functioning untit January
1981 becausce of the lack of a steady power supply

from the clectrical grid in West Bengal. Dicsel gencr-

ators had to be installed to obtain reliable, unintes-
rupted power to operate the cyclotron and to offsct the
erratic local power situation.:]

The VEC is to be used in fundamental studies on the
structure of atonts, in the production of isotopes not
praducible in a research reactor, and in studics of
radiation damage to reactor materials—especially the

materials the DAE is considering for constructing
breeder reactors, Indian scientists have begun investi-

galions on & higher ccelerator (synchrotron)
as a future projcctimi—w:]

SC 00406/82
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Sceveral other research fucilities are under the aus-
pices of BARC and the DAE. These are a nuclear
research laboratory in Srinigar, o high-altitude re-
search laboratory near Gulmarg (both in Kashmir),
and the Guuribidanur seismic station {80-km north of
Bangalore). The research in the Kashmir facilities is
oriented toward cosmic ray physics, astrophysics, and
solar terresteia) physics. The scismic station is de-
ployed over a 25-kilometer-square arca, It {s used in
the detection and identification of undcrgujgm—mﬁ
ar explosions and also (or scismic rescarch

Other institutions such as the Tata Institute of Fun-
damental Research in Bombay, the Saha Institute of
Nuclear Physics in Calcutta, and the Tata Memorial
Center in Bombay receive grants-in-aid from the
DAE, These are basically teaching institutions that
are heavily involved in various ficlds of research—
both applicd and theoretical. The Tata Institute of
Fundamenta! Research is the national center for
nuclear science and mathematics. As such, it has a
computation facility cquipped with the most advanced
computers in India. A bubble chamber group of the
institute is active in a number of experimental high-
energy physics projects, A 400-keV ion accelerator, a
1-MeV cascade generator, and a 3.5-McV clectron
lincar accelerator are availabie for studies in nuclear

spectroscopy, solid-state physics, and nuclear reac-
tionsl

Nuclear Power

India’s nuclear power program, as planned in the
19605, was to fotlow three steps, The first generation
of power reactors would be of the CANDU design—a
natural uranium-fucled, heavy water—-moderated type.
These were to be followed by plutonium-fueled fast
breeder reactors, which-—while producing power—
were also to produce plutonium and uranium-233
from thorium. In the final stage of the program,
India’s large resources of thorium would be used to
fuel thorium-uranium-233 breeder reactors

Current Program

India hapes to have 1,800 megawatts-clectric (MWe)
of nuclear power generating capacity by 1987, It has
four operating power reactors—two US-supplied,
210-MWe boiling water reactors (BWR) at Tarapur

7
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and two 220-MWe, pressurized-heavy water reactors
(PHWR]} of the CANDU type at the Rajasthan
station near Kota {table 1), Four 235-MWe heuvy
waler reaclors are under construction—iwo ut Kal-
pakkam in Tamil Nadu and two at Narora in Uttar
Pradesh. The first reactor at Kalpakkam (also known
as the Madras Atomic Power Stittion) is expected to
be commissioned soon. The other Kalpakkam reactor
and the two at Narora are scheduied for completion
between 1934 and 1987. When all of these reaclors
are [n operation, the 1,800-MWe cumulative auclear
generating capacity will still constitute less than

$ percent of the country's total clectrical generating

With the exception of the Tarapur station, the nuclear
power program is based on CANDU-type reactors.
The CANDU design was selected because of-its
adaptability to indigenous manufacture of reactor
components and natural uranium fuel elements, India
can construct and operate these reactors with mini-
mum dependence on foreign aid or supplics

The carlier Tarapur reactors were supplied and con-
strucied by US General Electric, The 1963 Tarapur
agreement basically was a turnkey arrangement
whereby 1ndia was dependent on the United States for
equipment replacements and fuel supplics. Under the
contract, the United States agreed to supply the
necessary low-enricked uranium (Jess than 3-percent

uranium-235) over the 30-year projected lifetime of
the reactors|

With the pussage of the US Non-Proliferation Act of
1978, the United States cannot supply the enriched
uranium required by the contract unless India accepts
full-scope safeguards on all its nuclear facilities, OF
two shipments approved for export in 1980, after a
near Congressional veto, only one¢ consignment of 19.8
maetric tons (mt) of enciched uranium (a one year's
supply for both reactors) was released and sent to
India~—approximately two years after it was applied
for. The other shipment, also of 19.8 mt, has been
held for release later, pending assurances that India fs -
not engaged in nuclear weapon development. The
delays and uncertaintics of fuel supplies have restrict-
ed the power generation at each of the Tarapur

SC 00496/82
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reactors to 160 MWe, and in fiscal 1980-81 the
station achicved a capacity factor of only 48.9 percent
(compared to a normal 60 pcrccm)lj
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Fhorium and Other Nuclear-Related Minerals .

India possesses the largest thorium resources in the
waorld. The reserves of thorium oxide are estimated to
be 363,000 mt. Most are in monazite sands, which are

found along coastal beac states of Kerala,
Tamil Nadu, and Orissa

Indian Rare Earths, Ltd. (IREL), another public

| company established by the DAE, is responsible for

recovering and marketing monazite and associated
rarc-carths minerals, JREL commissioned a plant at
Chavara in January 1971 to scparate these minerals
fromt the sand. An older (1967) mineral separation
plant is located at Manavalakurichi. The monazitc
from thesé two plants is sent to a rarc-carths plant at
Alwaye for further processing, The annual processing
capacity at Alwaye is 4,500 mt of monazite, from
which @ thorium hydroxide concentrate is produced.
The concentrate is shipped to the IREL thorium plant
at Trombay. The end products of this plant—thorium
nitrate, thorium oxide, and a fow other thorium and
rare-carths compounds—are for export. Some tho-
rium, however, is stockpiled, and more can be added
to the inventory whenever its use as nuclear fuel nears
reality

Another minerals sand complex is being developed on
the seacoast near Chatrapur, in Orissa. This project
will add to India’s production of thorium and other
rare-earth elements. The new sand separation plant
was scheduled to be completed by mid-1981 but has
been delayed, When it is completed, it is expected to
produce 2,000 mt of monazite annually. (U)

SC 00406/82
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Mining and concentration of niobium, tantafum, be-
ryllium, and ather nuctear-use metals ¢ are under way
in varjous parts of [ndia. The rare-carths plants at
Chavarn and Manavalahurchi also yicld large quunti-
ties of zircon and the litanium-benring minerals il-
menite and rutile. A zirconium chemical plant and s

rutile plant are being construcied as part of she
Chatrapur complex. The niobium-bearing mineral
pyrochlore occurs in Meghalayy, and u small plant is
10 be set up in the Sung Valley, It is expected tu start
producing niobium concentrates by late 1982, Miner-
as containing nioblum and tantalum are also recov-
ered in the Hazaribagh district in Bihar, Beryl mining
also is locured in Bihar in the Nujukers arca, and o

berylbium 1ot plant is under construction at Vashi
neue Bambas] ]

The two plants for handling US-supplied, low-en-

riched uranium are the enly plants in the Hyderabad
fuel complex subject to IAEA sufeguard inspections.
The refucling of buth Tarapur reactors requires about
125 fuel assemblies a year (about 20 mt of UQ,),
which is slightly Jess than the designed eapacity, The
serap from the fuel fabrication line is accounted for

b% the IAEA before it is recycled 1o the oxide plant.

Fuel Fabrication .

India’s main plants for fabricating fuel assemblies
and coolant tubes for power reactors are in the
nuclear fuet complex at Hyderabad (table 2). Oper-
ations there include the production of zircaloy reactor
structura! components, the conversion of uranium
concentrates to uranium oxide (UO,) fuel assemblics,
and the manufacture of a wide variety of metal
products for nuclear and other industrial uses|

. Cer_xuin metals have various uses in nuclear reactors, For example,
niobium can be used as a sheath materlal, betyllium as a neutron

rcﬂcc}or, titanium ural materinl, and zirconium as a fuel
cladding material|

13
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